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Preface
This report is Volume II of a two-volume report on regional events regarding clean energy 
technology innovation. Mission Innovation spurred interest in regional clean energy 
technology and innovation across the nation. During April through September 2016, leading 
U.S. research universities launched a series of regional dialogues of national importance to 
examine the clean energy technology and innovation challenges and opportunities in their 
regions. This volume provides a compilation of the individual event reports provided to the 
Department by many of the universities that hosted an event. 

During some of the events, the conversation also touched on how regional partnerships could 
be developed and used to accelerate clean energy innovation. As in the National Academies 
report “The Power of Change,” these events highlighted that a regional approach to clean 
energy technologies can leverage the broadly recognized strengths of regional innovation, with 
the drivers to deliver local solutions for sustainable, reliable, affordable energy.1 The university-
hosted events attracted a diverse mix of more than 1,200 stakeholders, including leaders from 
federal, state, and local governments; industry; DOE national laboratories; academia; economic 
development organizations; and nongovernmental organizations (NGOs). The agendas 
(Volume I, Appendix A) reflect the wide range of energy-related topics that were addressed. 
Thirteen of the events were focused on clean energy technology innovation, while a fourteenth 
event held by Tuskegee University focused on Historically Black Colleges and Universities 
and Advancing Minorities’ Interest in Engineering, with a focus on science, technology, 
engineering, and math (STEM) education. A DOE webinar was held on September 29, 2016, to 
enable hosting universities to broadly share their outcomes.

Volume I and Volume II can be found at http://www.energy.gov/mission-innovation/university-
forums.

1 National Academies of Science, Engineering, and Medicine, “The Power of Change – Innovation for Development and 
Deployment of Increasingly Clean Electric Power Technologies,” The National Academies Press, 2016 pp. 

http://www.energy.gov/mission-innovation/university-forums
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Executive Summary 

Access to water ties the people of the Southwest together in a way few issues can. The main 
source of water for the region is the Colorado River, which runs for 1,400 miles across seven 
western states in the United States and two states in northern Mexico. Unfortunately, droughts 
lasting five or more years are projected to persist 50 percent of the time over the next 50 
years, and supply to burgeoning population centers will become an even greater challenge as 
demand rises—the number of people in the region is expected to double by 2060. Currently, 
forty million Americans and twenty-two federally recognized tribal nations depend on the river 
and its systems (both manmade and natural) for both water and energy. 

As the Department of Energy outlined in its 2014 report, “The Water-Energy Nexus: 
Challenges and Opportunities,” the water-energy nexus refers to the relationship between the 
water used to produce energy—including both electricity and fuel sources such as oil and 
natural gas—and the energy consumed to extract, purify, deliver, heat, cool, treat, and 
dispose of water (and wastewater). 

Arizona State University (ASU) on September 8 hosted the Southwestern Regional Water-
Energy Nexus Event to address the regional challenges associated with decreasing water 
access and increasing energy needs. More than eighty leaders from more than thirty 
institutions—including representatives from federal and regional governments, industries, 
academies, and American Indian tribes—met to think together about the regulatory, scientific, 
technological, and industrial solutions to the Southwest’s greatest challenge.1 The results are 
summarized according to the Meeting Agenda (Appendix 1) in the report to follow. 

Discussion goals for the meeting included:  

• Framing the water-energy problems and opportunities inherent to the Southwest. 

• Demonstrating that finding solutions to the unique water-energy challenges associated 
with Department of Energy interests in the Southwest will assist in addressing a 
spectrum of energy challenges across the country and on a global scale. 

• Exhibiting the region’s (1) scientific capabilities embodied in our universities, national 
labs, and utilities; (2) sophisticated understanding of cross-agency federal and local 
regulatory systems governing the water-energy nexus; and (3) unique willingness to 
address these challenges due to the impact of climate change and the resulting need 
for advanced clean energy technology alternatives.  

                                                
1 Speakers and attendees at the September 8 event included stakeholders from six states (Arizona, California, Colorado, New 
Mexico, Nevada, and Utah); three tribal entities (Gila River Indian Community, Fort Mojave Indian Tribe, and the Navajo Nation); 
four national labs (Lawrence Livermore, Los Alamos and Sandia National Labs, and the National Renewable Energy 
Laboratory); two utilities (Southern Nevada Water Authority and Western Area Power Administration); seven universities 
(Arizona State University, New Mexico Tech, Northern Arizona University, University of California – Irvine, University of 
Colorado – Boulder, University of New Mexico, and Utah State University); as well as major industry leaders, such as Coca 
Cola and Intel, in addition to hydropower startup Natel Energy. Leaders from the U.S. Department of Energy attended, and 
U.S. Senator Flake (R-AZ) prepared a welcome video.  
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I N T R O D U C T I O N  

Framing the Water-Energy Nexus in the Southwest 

O P E N I N G  R E M A R K S  

Sethuraman Panchanathan, PhD, Executive Vice President and Chief Research and 
Innovation Officer, ASU Office of Knowledge Enterprise Development 

The Honorable Jeff Flake, U.S. Senator and Member of the Senate Committee on Energy 
and Natural Resources 

This Southwestern Regional Water-Energy Nexus Event brings together expertise from the 
United States’ most arid region—consisting of Arizona, California, Colorado, Nevada, New 
Mexico, and Utah—to discuss both how water is used to produce energy and how energy is 
used to extract, purify, and deliver water. The event is designed to involve local, state, and 
federal scientists, stakeholders, and policymakers in the question: How can regional 
governments, utilities, industries, and research institutions collaborate to address solutions to 
ongoing challenges via the water-energy nexus approach? 

Many of our region’s political leaders understand the critical role energy plays in our use of 
water. U.S. Senator Jeff Flake of Arizona joined via video to welcome the group, emphasize 
how essential water and energy are to southwestern life, and encourage further collaboration 
in this important area. 

R E V I E W  O F  P R O G R A M  A N D  O B J E C T I V E S  

John Sabo, PhD, Senior Sustainability Scientist, Julie Ann Wrigley Global Institute of 
Sustainability, ASU; Professor, School of Life Sciences, College of Liberal Arts and 
Sciences; Affiliated Faculty; Center for Biodiversity Outcomes, Julie Ann Wrigley Global 
Institute of Sustainability 

The single greatest threat to global sustainability is the availability of safe, clean water. 
Nowhere is this more acute than in the American Southwest. The extent of frequent droughts 
is tough to predict, leaving historical sources near exhausted, reservoirs depleted, and 
ultimately impacting the availability of clean energy while the “new” sources of water are 
wastewater and the ocean, both requiring significant energy (and funding) to make the water 
usable.  
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Collaboration between governments 
(local, state, federal, and tribal), 
utilities, industries, universities, and 
laboratories will be key to combating 
the global threat of a changing climate 
and developing regional solutions to 
challenges at the intersection of water 
and energy. 

One example of successful collab-
oration is the Palo Verde Nuclear 
Generating Station, located west of 
Phoenix near Tonopah, Arizona. 
Owned in part by utilities in Arizona, 
California, and New Mexico, among 
others, it produces about 3.3 
gigawatts of electric power and 
serves more than four million people, 
making it not just the largest nuclear 
power plant in the United States, but 
the largest nuclear facility in the world 
completely cooled using treated 
wastewater. 

Our mutual dependence on a single 
river—the Colorado—unites our 
regional interests and necessitates 
collaboration (Figure 1). While we 

have made substantial progress, many 
opportunities for reusing, recycling, 
and further leveraging water and 
energy resources still exist. The future 
should be about working together to 
maximize and modernize existing 

infrastructure to make the most of these opportunities. 

Many in the region are already attempting this. For instance, Natel Energy seeks to harvest 
low head hydropower on aqueducts and canals. Such a solution could apply broadly across 
the Southwest and exemplifies the interdependency of water and energy and how we can use 
one to optimize delivery of the other. 

Figure 1 – Seven states in the U.S. and two in Mexico 
mutually depend on the Colorado River for water, uniting 
regional interests and necessitating collaboration between 
governments, utilities, industries, and institutions (Map 
courtesy of the U.S. Department of Interior, Bureau of 
Reclamation). 
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P A N E L  O N E  

Southwestern Challenges and Opportunities 
in Water-Energy 

M O D E R A T O R

Sarah Porter, JD, Director, Kyl Center for Water Policy, Morrison Institute for Public Policy, 
ASU 

P A R T I C I P A N T S

Tzahi Cath, PhD, Director, AQWATEC; Chair, Mines Research Council, Colorado School of 
Mines 

Otakuye Conroy-Ben, PhD, Assistant Professor, School of Sustainable Engineering and 
the Built Environment, ASU 

Steve Johnson, Energy Management and Marketing Office, Western Area Power 
Administration (WAPA) 

Colby Pellegrino, MBA, Colorado River Program Manager, Southern Nevada Water 
Authority 

S U M M A R Y

It is an understatement to say Southwestern water sources are limited. Reuse and recycling 
is not just important, but critical to keep pace with fast-growing cities in arid and semi-arid 
climates. Through aggressive investments into new and existing technologies, many regional 
metropolitan areas have found ways to use less water while continuing to grow their 
economies. Some, such as Las Vegas and Phoenix, have almost maximized wastewater 

reuse. For instance, 95 percent of southern Nevada’s wastewater 
is treated and returned to the Colorado River. 

Despite these successes, water utilities still need funds to build 
infrastructure and implement existing technologies. Concurrently, 
new technologies and campaigns must be developed to keep up 
with demand and increase water quality.  

Among the top research areas of focus for the region should be 
finding a better way to store energy. In part due to source 
variability, (sunlight, water, and wind), renewable technology 
options are not being fully leveraged. For example, as it currently 

stands, wind farms must be shut down if there is a surplus of hydropower during high runoff 
peaks in spring. Generated solar energy could also go to waste without a method of storing 
excess power. Power companies, cooperatives, and administrators should have more options 

 

Among the top 
research areas of 
focus for the region 
should be finding a 
better way to store 
energy. 
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than taking these generators offline for the sole reason that there is no way to store the 
resulting energy. 

According to this panel, disruptive technology, on the order of a “Wright brothers event,” must 
take place for us to fully use existing water reserves and fully leverage existing renewable 
technologies in order to maintain successful population centers in this arid climate. We must 
build into next-generation water-power systems the capability to switch between multiple 
sources to manage and optimize their loads. 

Additional research is needed to improve modeling and forecasting of water availability. The 
flow of the Colorado River, for example, depends on the amount of snow in the Rocky 
Mountains, and current models are unable to predict spring flow even one year in advance. 

Figure 2 – The Claude "Bud" Lewis Carlsbad Desalinization Plant near San Diego removes salt from 50 
million gallons of seawater every day and is a prime example of implementing existing technology to 
find new sources of water in the arid West. 

Apart from recycled wastewater, desalinized seawater and brackish groundwater are the 
West’s only new sources of water. Investments into new research and existing desalinization 
technologies are critical as coastal and desert populations continue to grow but water supplies 
remain the same. For instance, San Diego already gets 10 percent of its water from a 
desalinization plant near Carlsbad, California (Figure 2), but current desalinization costs limit 
spreading the technology wider in the near future—at least within the United States. It is worth 
noting that where the technology has been more broadly implemented, costs have been 
reduced. A cubic meter of desalinized water in Israel, for example, costs roughly a third of 
what it does in the United States. 

Even with all of this research and technical advancement, there is no substitute for educating 
the population about making major adjustments in troubling use trends. For instance, despite 
the successful use and implementation of advanced technology to reclaim wastewater for 
municipal drinking water, the public and policymakers remain resistant to the idea of drinking 
clean water that may have once flowed through a sewer. People could be educated in order 
to be more open to the broad spectrum of options to establish more efficient public water-
energy use trends.
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L I G H T N I N G  R O U N D  

Envisioning the Future of Water-Energy Governance 

S P E A K E R  

Dave White, PhD, Director, Decision Center for a Desert City, Julie Ann Wrigley Global 
Institute of Sustainability, ASU 

S U M M A R Y  

Water and energy systems must be integrated and managed together because they are used 
together. For instance, Phoenix AZ’s Central Arizona Project—the 336-mile aqueduct that 
carries water from the Colorado River to Phoenix and Tucson—is the largest user of electricity 
in the state. This arterial system requires more than 2.8 million megawatt hours of electricity 
(with most coming from the Navajo Generating Station) to deliver more than 500 billion gallons 
of water.2 Governance systems must evolve to be flexible, adaptable, and to enhance 
coordination and collaboration between energy and water utilities and the people they serve.  

A recent survey of water decision-makers in Arizona shows potential for broad support for 
several promising measures to govern water and energy together, including:3 

• Upgrading canals and similar delivery systems with shade trees, walking paths, and 
smart mixed-use development to leverage water use in the area and reduce water loss 
via evaporation; 

• Actively engaging scientists, stakeholders, and residents in water and energy resource 
decisions in order to balance cross-sector demand.

                                                
2 Beth Kleiman, “The Water-Energy Nexus Dimension of the Central Arizona Project System Use Agreement,” Central Arizona 

Project, September 14, 2016, http://www.cap-az.com/documents/education/2016-Kleiman.pdf. 
3 Dave D. White, Lauren Withycombe Keeler, Arnim Wiek, Kelli L. Larson, “Envisioning the future of water governance: A survey 

of central Arizona water decision makers,” Environmental Practice 17, no. 1 (November 2014): 25–35. 
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P A N E L  T W O  

De-risking the Value Chain for Early Adopters 
of Clean and Related Tech Innovation 

M O D E R A T O R  

Robin L. Newmark, PhD, Associate Laboratory Director, Energy Analysis and Decision 
Support, National Renewable Energy Laboratory 

P A R T I C I P A N T S  

Michael Bernier, Director of Sustainability and Environmental Affairs, Salt Lake City Area, 
Swire Coca-Cola 

Kris Mayes, JD, Director, Utility of the Future Center, ASU; Senior Sustainability Scholar, 
Julie Ann Wrigley Global Institute of Sustainability, ASU 

Jake Davis, PhD, Site Water Treatment and Reuse Engineer, Intel 

Gia Schneider, Chairman of the Board and Chief Executive Officer, Natel Energy 

S U M M A R Y  

We are entering a new way of thinking about water and energy, a future where economic 
growth in the Southwest must be unyoked from water use. As a result, communities are finding 
ways to use less water while continuing to grow their economies. Las Vegas and Phoenix in 
the last decade added hundreds of thousands of residents while using the same amount of 
water. On the industry side, Swire Coca-Cola drastically reduced the amount of water it needs 
to produce a liter of Coke, so much so that it will meet its goal to be water neutral five years 
early. Other corporations are finding ways to follow suit. 

This new thinking is replacing the old in many water-energy discussions. However, current 
practices—including regulated rates based on revenue requirements, operating expenses, 
capital investment values, asset depreciation, and a rate of return—do not encourage the 
development or adoption of new technologies or system-wide evolution. Even if they did, the 
amount of capital needed upfront to build or upgrade plants and facilities discourages change. 

Fortunately for consumers (but leaving questions about how these changes will be 
systematically supported), the development and implementation of alternative and renewable 
energy sources is dooming utility monopolies. Advanced hydroelectric systems and new solar 
technologies may allow consumers to fully divorce themselves from their current utility 
company as soon as two years from now. In order to survive, existing utilities will have to 
become providers of next-generation products and services. 
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Despite this promise, the United States, and even the Southwest, (which has some of the 
highest concentrations of renewable energy sources in the country), is far from moving away 
from centralized power plants, and more investment into renewable energy research and 
technology is needed to complete the transition. Even with that investment, experts predict at 
least ten to twenty years will be required to complete the transition.4 

To foster decentralization and conservation, a method must be developed to get accurate 
measures for the amount of water used to produce energy on a unit basis. In turn, this data 
would inform models and quantify tradeoffs between water and energy, which could then be 
applied to better manage resources and create incentives for 
improved efficiency.  

Testbeds and pilot projects where multiple stakeholders 
collaborated together are also necessary. For instance, micro grid 
projects in Brooklyn and San Diego have saved utilities millions of 
dollars. And Natel Energy’s hydropower pilot project in rural areas 
across the region have worked well because (1) existing 
infrastructure can be used, (2) permits are comparatively easy to 
obtain in rural areas, and (3) rural areas feature fewer regulations 
that could impede testing. 

Smaller projects like these can be scaled to municipalities using a testbed approach, and 
businesses can be encouraged to test or adopt technology developed at labs and universities 
through programs such as the Department of Energy’s small business voucher program. 

While conservation for some companies, such as Swire Coca-Cola, makes good business 
sense—water is the product’s number-one ingredient—for others, becoming water neutral or 
more energy efficient is not as simple. At the end of the day, the big question for most 
businesses trying to consume and reuse energy and water more efficiently is: how much do 
these changes cost? How can we work with local and state governments to share those costs? 

Universities can also assist governments and businesses by convening a forum where water 
and energy stakeholders (including large utilities, industry specialists, and regulators) can 
come together to share ideas to de-risk the adoption of new technologies and encourage 
conservation.

                                                
4 See U.S. Energy Information Administration, “Electric Power Monthly with Data for June 2016,” Washington, DC: U.S. 

Department of Energy, August 24, 2016. 

A method must be 
developed to get 
accurate measures 
for the amount of 
water used to 
produce energy on 
a unit basis. 
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P A N E L  T H R E E  

Water-Energy from the Tribal Perspective 

O P E N I N G  R E M A R K S  

Jacob Moore, MBA, Assistant Vice President, Tribal Relations, Office of University Affairs, 
ASU 

M O D E R A T O R  

Christopher Deschene, JD, Director, Office of Indian Energy Policy and Programs, U.S. 
Department of Energy 

P A R T I C I P A N T S  

Governor Stephen Roe Lewis of the Gila River Indian Community 

Chairman Timothy Williams of the Fort Mojave Indian Tribe 

Bidtah N. Becker, JD, Executive Director, Natural Resources, Navajo Nation 

Sam Woods, Business Development Manager, Navajo Transitional Energy Company 

S U M M A R Y  

At the heart of the water-energy nexus conversation at the Department of Energy is a clean-
energy ecosystem. Water and energy are fundamental issues to tribal nations, since in their 
cultural worldview, “water is life.”  American Indian tribal lands have and will continue to play 
a critical role in the support of next-generation clean energy and efficient water use.  

Understanding and consulting with individual tribal nations is important. Many tribal nations 
are already expertly working at the intersections of multi-state jurisdictions to provide water 
and power to both their local populations and constantly emerging cities in the southwest. 
Without such discussion and collaboration, national energy policy may negatively affect 
southwestern tribal nations and communities. For instance, restrictions on coal-fired power 
plants, with few alternatives discussed, has the potential to bring serious economic and 
environmental consequences to regional communities, especially to tribal nations in the region 
(Figure 3).  
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Figure 3 – The Navajo Generating Station in Page, Arizona, is the single-greatest source of revenue and 
jobs for members of the Navajo Nation. Efforts by the federal government to curtail its emissions and 
possibly shut down the station have been met with resistance—from the Navajo, the Central Arizona 
Project, and the Salt River Project—because of its importance in delivering power and water to Arizona’s 
metropolitan areas. 

In addition to the technical aspects of water delivery and power generation, for instance, water 
and energy policymakers must take into account the social and political context of each tribal 
nation rather than tribal nations en bloc. It is simple, if you know one tribal nation, you only 
know one tribal nation. Active and authentic consultation with tribal representatives early and 
often is critical to the success of clean energy investment efforts. 

 The Department of Energy’s Office of Indian Energy plays an important role in translating 
between federal and local issues and is especially interested in success via regional 
partnerships. Next-generation water-energy utility development is a local economic 
development opportunity with the potential to enhance regional sustainability, create jobs, and 
increase workforce skill deployment across tribal lands and beyond tribal borders. Next-
generation goals should include a clean energy ecosystem that leads to an energy economy 
in which tribal nations actively participate as critical partners in national and even global 
initiatives.
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K E Y N O T E  A D D R E S S  

Mission Innovation and Regional Partnerships 

K E Y N O T E  S P E A K E R  

The Honorable Elizabeth Sherwood-Randall, PhD, Deputy Secretary, U.S. Department of 
Energy 

O V E R V I E W  O F  H E R  R E M A R K S  

In 2014, the U.S. Department of Energy released a report on the water-energy nexus, outlining 
the interdependency of energy and water systems and the future of both in the twenty-first 
century. The overview also highlighted challenges and opportunities of the water-energy 
nexus and encouraged collaboration with public and private-sector partners in developing 
integrated solutions to issues that cannot be ignored. 

Nowhere are these issues more obvious than in the American Southwest. Climate change 
and a growing population could make already scarce water even more scarce; water and 
energy sources could become even more variable. 

While the Department of Energy requested $100 million—a 240 percent increase over 
previous budgets—to research and develop solutions to issues related to the water-energy 
nexus, the Department cannot possibly do this alone. State, local, and tribal governments 
must participate and coordinate resources. Universities and national laboratories must work 
to build knowledge and expertise, and utilities and industries must work with all of the above 
to help get new technologies out of the Valley of Death and into the marketplace. 

To help generate solutions to water-energy nexus issues and other energy goals, the 
Department invested $1.3 billion in ARPA-E projects and helped fund twelve clean energy 
projects in Arizona alone (to the sum of $40 million), funded research on solar cells and more 
efficient solar systems, and pushed for more advanced photovoltaic projects. In addition, the 
Department created loan programs to accelerate the development of clean energy and a 
small-business voucher program to speed time to market of new technologies. 

Going forward, as the United States changes presidential administrations, research must 
continue to be funded at all levels. Businesses and universities must continue to advocate for 
funding for programs and projects to develop and adopt new technologies. Education at all 
levels must be supported to provide the STEM foundation essential to functioning in the 
twenty-first century and to working to resolve our greatest challenges moving forward—
including the water-energy nexus.
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P A N E L  F O U R  

University Research Initiatives at the Water-Energy Frontier with 
Vice Presidents for Research 

M O D E R A T O R  

Robert McGrath, PhD, Director, Renewable and Sustainable Energy Institute, University of 
Colorado, Boulder 

P A R T I C I P A N T S  

Elizabeth Cantwell, PhD, Vice President for Research Development, ASU 

Gabriel P. Lopez, PhD, Vice President for Research, University of New Mexico 

Mark McLellan, PhD, Vice President for Research, Utah State University 

Pramod Khargonekar, PhD, Vice Chancellor for Research, University of California, Irvine 

Carlos Romero, PhD, Associate Vice President for Research and Economic Development, 
New Mexico Tech 

S U M M A R Y  

Existing efforts by federal agencies to fund work at the water-energy nexus are mostly 
traceable to the National Science Foundation’s work with the Innovations at the Nexus of 
Food, Energy and Water Systems (INFEWS) program. This program, in addition to previous 
iterations at NSF, are critically important. However, support from outside of the NSF mission 
is much needed. It is gratifying to see the Department of Energy 
recognizing the important role of the water-energy nexus—
specifically as it is associated with generating power and 
transporting water to those who need it. 

New research is needed to better understand and support solutions 
to major challenges at the water-energy nexus. For example, 
developing advanced data analytics that can model human 
behavior in the environment requires a merging of physical and 
social sciences. 

In addition to recommending the Department of Energy fund a major 
research initiative in this area, it is critical that existing programs throughout the federal 
government that currently fund water-energy nexus research must not be interrupted by the 
upcoming change in presidential administration. New funding opportunities should embody a 
spirit of multidisciplinary, cross-sector collaboration. 

New funding 
opportunities 
should embody a 
spirit of 
multidisciplinary, 
cross-sector 
collaboration. 
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A regional focus to advance the science around unique geographical challenges recognized 
by the Department of Energy is welcome and recommended. Such a regional focus could be 
supported through joint workshops and research engagements. Such efforts would also 
further support education initiatives to connect current researchers and scientists to the next 
generation of producers, users, and innovators. 

Finally, if we wish to infuse the business sector with environmental leaders and stakeholders, 
universities must tie activities with commercial interests. A public-private partnership to create 
a water-energy nexus testbed could bring together key players (e.g., scientists, students, 
social system thinkers) to help industries minimize investment risks and increase incentives 
to leverage opportunities at the water-energy nexus.
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A P P E N D I X  O N E  

Meeting Agenda 

10:00 – 10:30 AM Framing the Water-Energy Nexus in the Southwest 

Welcome from Dr. Sethuraman Panchanathan, Executive 
Vice President, ASU and Review of Program and Objectives 
with Dr. John Sabo, Senior Sustainability Scientist, Julie Ann 
Wrigley Global Institute of Sustainability, ASU 

10:30 – 11:30 AM Southwestern Challenges and Opportunities in Water-Energy 

Ms. Sarah Porter Director, Kyl Center for Water Policy, 
Morrison Institute, Arizona State University, Moderator   
Dr. Tzahi Cath Director, AQWATEC; Chair, Mines Research 
Council, Colorado School of Mines  
Dr. Otakuye Conroy-Ben, Assistant Professor, School of 
Sustainable Engineering and the Built Environment, Arizona 
State University  
Mr. Steve Johnson, Energy Management and Marketing Office 
Manager, Western Area Power Administration (WAPA)  
Ms. Colby Pellegrino, Colorado River Program Manager, 
Southern Nevada Water Authority 

11:30 – 11:45 AM Lightning Round: Envisioning the Future of Water-Energy 
Governance 

Dr. Dave White Director, Decision Center for a Desert City, 
Julie Ann Wrigley Global Institute of Sustainability, Arizona 
State University 

11:45 AM – 12:15 PM Lunch Provided with a Networking Break 

12:15 – 1:15 PM De-risking the Value Chain for Early Adopters of Clean and 
Related Tech Innovation 

Dr. Robin L. Newmark, Associate Laboratory Director, Energy 
Analysis and Decision Support, National Renewable Energy 
Laboratory, Moderator    
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Mr. Michael Bernier, Director of Sustainability & 
Environmental Affairs, Salt Lake City Area, Swire Coca Cola   
Ms. Kris Mayes Director, Utility of the Future Center, Arizona 
State University 
Mr. Jake Davis, Site Water Treatment and Reuse Engineer, 
Intel 
Ms. Gia Schneider, Chairman of the Board and Chief 
Executive Officer, Natel Energy 

1:15 – 2:15 PM Water-Energy from the Tribal Perspective 

Mr. Jacob Moore Assistant, Vice President, Tribal Relations,  
Office of University Affairs, Arizona State University, 
introducing 
Mr. Christopher Deschene, Director, Office of Indian Energy 
Policy and Programs, U.S. Department of Energy, Moderator      
Governor Stephen Roe Lewis, Gila River Indian  
Community 
Chairman Timothy Williams, Fort Mojave Indian Tribe 

Ms. Bidtah N. Becker, Executive Director, Natural 
Resources, Navajo Nation 
Mr. Sam Woods, Business Development Manager, Navajo       
Transitional Energy Company 

2:15 – 2:30 PM Coffee Break 

2:30 – 3:00 PM Keynote Address: Mission Innovation and Regional 
Partnerships 

Dr. Sethuraman Panchanathan, Executive Vice President, 
Arizona State University, introducing 
The Honorable Dr. Elizabeth Sherwood-Randall, Deputy 
Secretary, U.S. Department of Energy 

3:00 – 4:00 PM University Research Initiatives at the Water-Energy Frontier 

Dr. Robert McGrath, Director Renewable & Sustainable Energy 
Institute (RASEI) University of Colorado Boulder, Moderator   
Dr. Elizabeth Cantwell, Vice President for Research  
Development, Arizona State University 
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Dr. Gabriel P. López, Vice President for Research, University  
of New Mexico 

Dr. Mark McLellan, Vice President for Research, Utah State 
University   

Dr. Pramod Khargonekar, Vice Chancellor for Research, 
University of California, Irvine 

Dr. Carlos R. Romero, Associate Vice President for Research 
and Economic Development, New Mexico Tech 

4:00 – 5:00 PM Reception 
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A P P E N D I X  T W O  

Panelists and Speakers 

Sethuraman Panchanathan, PhD, Executive Vice President and Chief Research and 
Innovation Officer, ASU Office of Knowledge Enterprise Development 

Sethuraman “Panch” Panchanathan leads ASU’s knowledge enterprise, which advances 
research, innovation, strategic partnerships, entrepreneurship, and global and economic 
development at the university. Panchanathan was the founding director of the School of 
Computing and Informatics and was instrumental in founding the Biomedical Informatics 
Department at ASU. He also served as the chair of the Computer Science and Engineering 
Department. He founded the Center for Cognitive Ubiquitous Computing (CUbiC) at ASU. 
CUbiC’s flagship project iCARE (for the blind and visually impaired) won the Governor’s 
Innovator of the Year Academia Award in November 2004. 

In 2014, Panchanathan was appointed by President Barack Obama to the U.S. National 
Science Board (NSB). He has also been appointed by U.S. Secretary of Commerce Penny 
Pritzker to the National Advisory Council on Innovation and Entrepreneurship (NACIE). 

Panchanathan is a fellow of the National Academy of Inventors (NAI), the Canadian Academy 
of Engineering, the Institute of Electrical and Electronics Engineers (IEEE), and the Society 
of Optical Engineering (SPIE). He is currently the Chair-Elect in the Council on Research 
(CoR) within the Association of Public and Land-grant Universities (APLU). Panchanathan 
was the editor-in-chief of the IEEE Multimedia Magazine. 

His research interests are in the areas of human-centered multimedia computing, haptic user 
interfaces, person-centered tools and ubiquitous computing technologies for enhancing the 
quality of life for individuals with disabilities, machine learning for multimedia applications, 
medical image processing, and media processor designs. Panchanathan holds a PhD in 
electrical and computer engineering from the University of Ottawa; a master’s of technology 
in electrical engineering from the Indian Institute of Technology, Madras; and bachelor’s 
degrees in electronics and communication engineering and physics, from the Indian Institute 
of Science, Bangalore and the University of Madras in India, respectively. 

John Sabo, PhD, Senior Sustainability Scientist, Julie Ann Wrigley Global Institute of 
Sustainability, ASU; Professor, School of Life Sciences, College of Liberal Arts and 
Sciences; Affiliated Faculty; Center for Biodiversity Outcomes, Julie Ann Wrigley Global 
Institute of Sustainability 

John Sabo is an ecologist who studies the importance of water in determining the viability and 
resilience of animal and plant populations in river and riparian ecosystems. He and his 
research team use large-scale field experiments and the application of stable isotopes to 
understand how droughts and floods influence freshwater and terrestrial biodiversity. They 
also study how these extreme events affect food web structure. He also develops statistical 
techniques to measure the resilience of river food webs and the fisheries that these food webs 
support. Sabo collaborates broadly across disciplines, synthesizing large datasets to answer 
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questions about the impacts of floods and water scarcity on the interactions between humans 
and biodiversity. Sabo’s work is being applied to problems in watershed management and 
freshwater sustainability to understand how water scarcity and extreme weather influence 
food security and biodiversity. Sabo earned his doctorate from the University of California, 
Berkeley. 

Sarah Porter, JD, Director, Kyl Center for Water Policy, Morrison Institute for Public Policy, 
ASU 

Sarah Porter was named inaugural director of the Kyl Center for Water Policy in January 2015. 
Part of Arizona State University’s Morrison Institute for Public Policy, the Kyl Center promotes 
research, analysis, collaboration, and open dialogue to build consensus in support of sound 
water stewardship solutions for Arizona and the West. 

Porter came to the Kyl Center from the National Audubon Society, where she served as the 
Arizona state director and led Audubon’s Western Rivers Project, a multistate initiative to 
protect and restore important river habitats in the Intermountain West. 

Before joining Audubon, she spent fourteen years as an attorney in private practice, 
specializing in commercial litigation. She serves on the University of Arizona’s Water 
Resources Research Center’s External Advisory Council, the Phoenix Parks and Recreation 
Board, and several other community boards. She received her undergraduate degree from 
Harvard University, then her law degree from Arizona State University. 

Tzahi Cath, PhD, Director, AQWATEC; Associate Professor of Environmental Engineering; 
Chair, Mines Research Council, Colorado School of Mines 

Tzahi Cath’s main research field is membrane processes for wastewater treatment, 
desalination of saline and hypersaline brines, reclamation of impaired water for potable reuse, 
and energy from water and wastewater. Another field of his research focuses on lifecycle 
assessment and techno-economical evaluation of these processes and the development of 
decision support tools for selection and optimization of treatment processes. He is a principal 
investigator on many research projects focusing on the integration of membrane contactor 
processes in seawater and brackish water desalination, in domestic and industrial wastewater 
treatment, and in life support systems. 

He holds PhD and MS degrees in Environmental Engineering from the University of Nevada, 
Reno and a bachelor’s in Mechanical Engineering from Tel Aviv University. He is currently the 
director of the Advanced Water Technology Center (AQWATEC) at Colorado School of Mines, 
and until recently served the leader of the Advanced Engineered Systems Thrust of the 
Engineering Research Center ReNUWIt. 

Otakuye Conroy-Ben, PhD, Assistant Professor, School of Sustainable Engineering and 
the Built Environment, ASU 

Otakuye Conroy-Ben’s research focuses on the biological effects of polluted water. Her 
research interests include environmental endocrine disruption, metal and antibiotic resistance 
in bacteria, and wastewater epidemiology. She teaches courses on environmental 
engineering, soil and groundwater remediation, and contaminant fate and transport. A 
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member of the Ogalala Lakota tribe, she is also an advisor the ASU chapter of the American 
Indian Science and Engineering Society (AISES). 

Dr. Conroy-Ben received her bachelor’s in chemistry from the University of Notre Dame, a 
master’s in analytical chemistry from the University of Arizona, and a PhD in Environmental 
Engineering from the University of Arizona. 

Steve Johnson, Energy Management and Marketing Office, Western Area Power 
Administration (WAPA) 

Steve Johnson directs the twenty-four-hour energy management and marketing function and 
related resource planning, scheduling, and accounting activities for the Colorado River 
Storage Project Management Center and the Loveland Area Projects in WAPA’s Rocky 
Mountain Region. He closely coordinates with the US Bureau of Reclamation regarding 
reservoir and river operations while managing energy delivery obligations and grid reliability. 

Steve began his career in power system operations on the City and County of San Francisco’s 
Hetch Hetchy hydro system in Northern California and came to WAPA as a system operator. 

He has also served on the NERC BAL-002-WECC-2 standard drafting team, as a member of 
the operating committee and board of the Rocky Mountain Reserve Group, executive 
committee member of the Southwest Reserve Sharing Group, and on various WECC 
committees, subcommittees, working groups, and task forces. He continues to serve on the 
WECC Operating Committee. 

He holds a North American Electric Reliability Corporation system operator certification for 
over fifteen years, and has been certified at the Reliability Coordinator level for the past 
eleven. He attended the University of California, Davis and Bismarck State College. 

Colby Pellegrino, MBA, Colorado River Program Manager, Southern Nevada Water 
Authority 

Colby Pellegrino leads and coordinates development of the SNWA’s policies related to the 
protection of Nevada’s interests and rights to Colorado River water. As a subject matter expert 
in hydrologic, legal, and political issues associated with the Colorado River Basin, Pellegrino 
serves as the agency’s representative on interstate and international technical committees. 
She also supports the development of multi-state agreements regarding the Colorado River 
and negotiates on behalf of the organization. Because many of the agreements associated 
with the Colorado River are viewed by the broader water community as precedent-setting, 
Pellegrino also represents the SNWA at conferences and symposiums related to water 
resource management. 

She is a native of Las Vegas, earning her bachelor’s degree in Civil Engineering from the 
University of Nevada, Las Vegas and her MBA from Mississippi State University. 

Dave White, PhD, Director, Decision Center for a Desert City, Julie Ann Wrigley Global 
Institute of Sustainability, ASU 

Dave White’s research focuses on developing, implementing, and evaluating institutions to 
link knowledge to action for sustainability. His findings have been published in dozens of 
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scientific journal articles and featured in popular media, including the New York Times and 
the Wall Street Journal. 

He also holds an appointment at ASU as Senior Sustainability Scientist with the Julie Ann 
Wrigley Global Institute of Sustainability and is affiliated with the Consortium for Science, 
Policy, and Outcomes and the School of Public Affairs. 

White is a recipient of the President's Medal for Social Embeddedness from ASU and the 
Celebrating Natural Resources Award from the University of Idaho. He received his PhD from 
Virginia Tech, his master’s from the University of Idaho, and bachelor’s from George Mason 
University. 

Robin L. Newmark, PhD, Associate Laboratory Director, Energy Analysis and Decision 
Support, National Renewable Energy Laboratory 

Robin Newmark has led or contributed to programs involving energy, climate, and water 
issues, including the interdependence of water and energy systems. She serves in an advises 
such diverse groups as the multinational laboratory Energy-Water Nexus consortium, the 
United States-China Expert Carbon Capture and Sequestration (CCS) Steering Committee, 
and the Scientific Advisory Committee for the Union of Concerned Scientists’ Energy and 
Water in a Warming World Initiative. She is also a member of the editorial board for Current 
Sustainable/Renewable Energy Reports and a guest editor for Environmental Research 
Letters. 

An author of over 50 papers, reports, and patents, Newmark is a fellow of both the Renewable 
and Sustainable Energy Institute at the University of Colorado, Boulder and the Center of 
Integrated Water Research at the University of California. Santa Cruz. She earned her 
bachelor’s from the Massachusetts Institute of Technology, her master’s from the University 
of California, Santa Cruz, and PhD from Columbia University. 

Michael Bernier, Director of Sustainability and Environmental Affairs, Salt Lake City Area, 
Swire Coca-Cola 

Michael Bernier has been the Director of Sustainability & Environmental Affairs for Swire Coca 
Cola since 2008. Previous to that, he was a Plant Manager for Dreyer’s Grand Ice Cream and 
an Operations Manager for Haagen-Dazs Ice Cream. He earned a BS in Consumer Studies 
with a minor in Economics from the University of Utah. 

Kris Mayes, JD, Director, Utility of the Future Center, ASU; Senior Sustainability Scholar, 
Julie Ann Wrigley Global Institute of Sustainability, ASU 

Kris Mayes served on the Arizona Corporation Commission from 2003 until 2010. She helped 
co-author the Arizona Renewable Energy Standard, which requires that by 2025 utilities must 
generate 15 percent of their overall energy portfolio from renewable sources, like wind solar, 
biomass, biogas, geothermal and other technologies. The standard contains the most 
aggressive distributed generation requirement in the country, requiring utilities by 2011 to 
acquire 30 percent of their energy from residential or non-utility owned installations, like 
rooftop solar panels on someone's home or on a shopping mall. She also helped establish 
one of the most ambitious energy efficiency standards in the nation, requiring utilities to sell 
22 percent less energy by 2020 than they would have under current forecasts. 
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Jake Davis, PhD, Site Water Treatment and Reuse Engineer, Intel 

Jake Davis started with Intel as an intern and has since become one of the microprocessor 
giant’s experts on treating and reusing industrial wastewater. His background is in 
electrochemistry and electro-membrane processes, and he also own his own firm, ELIXR, 
where he researches and develops new water treatment technologies. Jake holds a PhD in 
chemical engineering from the University of Arizona, where he also earned his bachelor’s 
degree. 

Gia Schneider, Chairman of the Board and Chief Executive Officer, Natel Energy 

Gia Schneider sets strategy and company direction and defines the commercial execution 
plan for the hydropower-focused company. She is passionate about finding economically 
viable solutions to mitigate climate change, foster sustainable development and produce 
inexpensive renewable energy. Schneider holds a bachelor’s in Chemical Engineering from 
MIT and has thirteen years’ experience in the energy and renewable industries. She provided 
strategic and tactical solutions to several major energy companies as a consultant for 
Accenture and has significant experience in energy-related strategy development and deal 
valuation. Schneider also started the carbon emissions trading desk at Credit Suisse, growing 
it to a profitable business in its first year. Prior to Credit Suisse, she worked in the Strategy 
Group at Constellation, a leading power generation company. 

Jacob Moore, MBA, Assistant Vice President, Tribal Relations, Office of University Affairs, 
ASU 

Jacob Moore is responsible for the intergovernmental affairs between Arizona State University 
and tribal nations. Previously, Moore was managing partner for Generation Seven Strategic 
Partners, LLC, and also worked as an Economic Development Analyst and Special Assistant 
on Congressional and Legislative for the Salt River Pima-Maricopa Indian Community. Moore 
served as a member of the Arizona State Board of Education for eight years, where he was 
board president once and vice president twice. 

Currently he serves on the board of directors for the Arizona Community Foundation, the ASU 
Morrison Institute, WestEd, the Arizona Minority Education Policy Analysis Center (AMEPAC), 
and Touchstone Behavioral Health. He earned a Bachelor of Science degree in Finance and 
an Executive MBA from the Arizona State University’s W. P. Carey College of Business. 
Moore is an enrolled member of the Tohono O’odham Nation. 
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Christopher Deschene, JD, Director, Office of Indian Energy Policy and Programs, U.S. 
Department of Energy 

Christopher Deschene has more than twenty years of management and policy experience, 
along with extensive tribal relationships and deep expertise in business and energy 
development, natural resources, and environmental policies, federal Indian law, and 
government affairs. Prior to his DOE appointment, he spent ten years as a partner with the 
Law Offices of Schaff & Clark Deschene, LLC. 

His experience extends to business and energy development on tribal, state, and federal 
lands. He has extensive knowledge of power generation, transmission, distribution, renewable 
energy development, oil and gas development, utility formation, water, natural resource, 
energy and environmental policy development, tribal and federal administrative and regulatory 
permitting, energy contracting and negotiations. 

Deschene previously served with the U.S. Marine Corps as an infantry and reconnaissance 
officer and completed his service as a major in the U.S. Marine Corps Reserve. He served 
with distinction and completed two tours in the Persian Gulf. While on active duty, Deschene 
also served as a military research engineer with Lawrence Livermore National Laboratory. He 
earned a BS in mechanical engineering from the U.S. Naval Academy and concurrent 
master’s in mechanical engineering and a law degree from Arizona State University. 
Deschene is licensed to practice law in Arizona and the Navajo Nation. 

Governor Stephen Roe Lewis of the Gila River Indian Community 

Governor Stephen Roe Lewis was raised in Sacaton, Gu-u-Ki, on the Gila River Indian 
Community, and is proud to have attended school from kindergarten to eighth grade there. 
Governor Lewis graduated from Arizona State University with a Bachelor’s of Science and 
pursued graduate studies at John F. Kennedy School of Government at Harvard University. 
He has long been an advocate for Native American issues nationally, and was selected to 
serve as a Board member for the National Indian Education Association (NIEA), and Delegate 
to the White House Conference on Indian Education. Governor Lewis has served the 
Community as a Gaming Commissioner for the Gila River Gaming Commission, as a member 
of the Board of Directors for the Gila River Telecommunications, Inc., and as a member of the 
Board of Directors for the Gila River Healthcare Corporation.  

Governor Lewis was the first Native film curator for the Sundance Film Festival in Park City, 
Utah, and was an associate producer for the groundbreaking and critically acclaimed TBS six-
part feature documentary, "The Native Americans."  Currently he serves on the Board of 
Directors for the Native American Rights Fund (NARF), the Executive Board for the National 
Indian Gaming Association (NIGA) and the Board of Trustee for the Heard Museum of 
Phoenix. 
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Chairman Timothy Williams of the Fort Mojave Indian Tribe 

Tim Williams has served as the Chairman of the Fort Mojave Indian Tribe for eight years. The 
tribe has lands in Arizona, California and Nevada, with tribal headquarters in the small 
California town of Needles. His duties as chairman are dedicated to improving the quality of 
life for the members of the tribe.  

Williams served in the U.S. Marine Corps. He earned a BS in business administration from 
Northern Arizona University. 

Bidtah N. Becker, JD, Executive Director, Natural Resources, Navajo Nation 

Before serving in her current position, Bidtah Becker worked for the Navajo Nation Department 
of Justice and most recently was the Assistant Attorney General for the Natural Resources 
Unit. She has earned degrees from the University of New Mexico School of Law and the 
Georgetown University School of Foreign Service. In 2012, President Obama appointed 
Becker to serve as a trustee for the Institute of American Indian and Alaska Native Arts. She 
is also currently the Treasurer for the Navajo Studies Conference Board. 

Sam Woods, Business Development Manager, Navajo Transitional Energy Company 

Sam Woods is a member of the Navajo Nation and brings more than twenty-five years of 
engineering development, policy, and management experience for Navajo Transitional Energy 
Company (NTEC). Woods has extensive expertise in tribal business and energy development, 
project management, power and energy design and engineering, utility management, natural 
resources and energy policies, government relationship and affairs. Woods served as the 
Interim CEO and General Manager for NTEC after its acquisition of Navajo Mine in New 
Mexico. Woods also served as a political appointee for the Navajo Nation President and 
provided guidance on energy and resource policy development.  

Prior to joining the Navajo Nation President’s Office, Woods worked for an EPC/Design-Build 
firm, where he worked on numerous electric generating facilities (over 1,200 MW combined-
cycle and 300 MW simple-cycle generation design/engineering experience), a paper plant 
expansion project, and a minerals processing plant. 

Woods also served on the Navajo Green Economy Commission, the Navajo Nation 
Investment Committee, the Navajo Nation Energy Advisory Committee, Navajo Energy Task 
Force, New Mexico Green Building Council and the Institute of Electrical and Electronics 
Engineers (“IEEE”). Woods graduated from New Mexico State University with a BS in 
electrical engineering. 

The Honorable Elizabeth Sherwood-Randall, PhD, Deputy Secretary, U.S. Department 
of Energy 

Sherwood-Randall serves as the Deputy Secretary of the U.S. Department of Energy, a 
position she has held since 2014. She joined the Obama Administration on day one, serving 
from 2009 to 2013 as Special Assistant to the President and Senior Director for European 
Affairs at the National Security Council and from 2013 to 2014 as White House Coordinator 
for Defense Policy, Countering Weapons of Mass Destruction, and Arms Control. 
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Before joining President Obama’s team, Sherwood-Randall worked at Stanford University, at 
Harvard University, and at the Council on Foreign Relations. In the Clinton administration, she 
served as Deputy Assistant Secretary of Defense for Russia, Ukraine, and Eurasia from 1994 
to 1996. 

She attended college at Harvard and then went on to graduate school at Oxford University, 
where she was among the very early ranks of female Rhodes Scholars. After finishing her 
education, she began her career working for then-Senator Joe Biden as his chief advisor on 
foreign and defense policy. 

Robert McGrath, PhD, Director, Renewable and Sustainable Energy Institute, University of 
Colorado, Boulder 

Robert McGrath was named as RASEI Director in July of 2015. In this role, he serves under 
a joint appointment between the University of Colorado and the National Renewable Energy 
Laboratory (NREL). Prior to this, McGrath served as senior vice president at the Georgia 
Institute of Technology and director of the Georgia Tech Research Institute (GTRI). Under 
McGrath’s leadership, GTRI grew to have more than 2,000 employees and R&D awards in 
excess of $350 million. Before joining GTRI, McGrath worked in a variety of capacities with 
Battelle Memorial Institute. McGrath served as senior vice president for research at The 
Ohio State University, and as tenured professor in material science and engineering, and 
physics. He served as associate vice president for research and director of strategic & 
interdisciplinary initiatives at Penn State University, and also worked for Sandia National 
Laboratory in Albuquerque, New Mexico.  

McGrath received his Ph. in nuclear science and engineering from the University of 
Michigan and earned bachelor's and master's degrees from Penn State University in 
engineering sciences, mathematics, and physics. 

Elizabeth Cantwell, PhD, Vice President for Research Development, ASU 

Elizabeth “Betsy” Cantwell is responsible for leading the creation, management and capture 
of large-scale, externally-funded programs and projects that advance Arizona State 
University’s research enterprise. Cantwell came to ASU from the Lawrence Livermore 
National Laboratory (LLNL), where she was director for economic development. Prior to 
working at LLNL, she served in strategic leadership roles at the Oak Ridge National 
Laboratory, the Los Alamos National Laboratory in New Mexico and NASA headquarters in 
Washington, D.C. 

Cantwell earned her PhD in mechanical engineering at the University of California, Berkeley, 
an MBA from the University of Pennsylvania’s Wharton School of Business, and a BA in 
human behavior at the University of Chicago. 

Gabriel P. Lopez, PhD, Vice President for Research, University of New Mexico 

Gabriel López recently returned to the University of New Mexico (UNM) as vice president for 
Research, after serving as a professor of Biomedical Engineering and Mechanical 
Engineering and Materials Science at Duke University. At Duke, he was the founding 
director of the NSF’s Research Triangle Materials Research Science and Engineering 
Center (RT-MRSEC). Prior to his service at Duke, López was a professor of Chemical 
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Engineering and Chemistry at UNM. During his initial time at UNM, he served as the 
founding director of the Center for Biomedical Engineering beginning in 2005, and the 
Biomedical Engineering Graduate Programs beginning in 2008.  

López earned degrees in chemical engineering from the University of Colorado and the 
University of Washington (PhD). 

Mark McLellan, PhD, Vice President for Research, Utah State University 

Mark McLellan is currently vice president for research and dean of the School of Graduate 
Studies at Utah State University, Utah’s land-grant and space-grant research institution. 
Before coming to Utah State, he was dean of research and experiment station director at the 
University of Florida for five years. He also served six years as director of a multi-college 
research center at Texas A&M University and was a tenured professor and department chair 
at Cornell University. At all four universities, McLellan has developed and implemented 
major research programs and demonstrated leadership in varied outreach and 
communications efforts.  

McLellan received his bachelor’s degree from the University of Massachusetts, Amherst and 
his master’s and doctorate from Michigan State University, all in food science. Throughout 
his career, his research has focused on food processing technology for fruits and 
vegetables, computer systems applications and information management in the food 
sciences, and sensory evaluation of foods. 

Pramod Khargonekar, PhD, Vice Chancellor for Research, University of California, Irvine 

Pramod Khargonekar provides strategic direction for the Office of Research, which supports 
and enhances the creative and scholarly activities of UCI faculty. He has held faculty 
positions at the University of Minnesota, the University of Michigan and the University of 
Florida. At Michigan, Khargonekar was chair of the Department of Electrical Engineering 
and Computer Science and also was the Claude E. Shannon Professor of Engineering 
Science. At Florida, he was dean of the College of Engineering. In addition, he served as 
Deputy Director for technology at the U.S. Department of Energy’s Advanced Research 
Projects Agency-Energy.  

Khargonekar earned a Bachelor of Technology degree in electrical engineering at Bombay’s 
Indian Institute of Technology and a master’s in mathematics and a PhD in electrical 
engineering at the University of Florida. 
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Carlos Romero, MBA, Associate Vice President for Research and Economic Development, 
New Mexico Tech 

Carlos Rey Romero serves as Associate Vice President for Research and Economic 
Development, overseeing, finances, external relations, and strategic analysis. In his position, 
he also serves as the Board Treasurer to the National Cave and Karst Research Institute. 

Prior to joining New Mexico Tech, he was at the University of New Mexico where he served 
in several positions over twelve years, most recently as the AVP for Research and Compliance 
and Managing Director of the Institute of Policy, Evaluation and Applied Research. Before 
working at UNM, Romero was financial advisor and director of intergovernmental relations at 
the New Mexico Finance Authority, where he provided advice and expert testimony in the area 
of public finance, planning and infrastructure development to two governors, the New Mexico 
state legislature and local government leaders. 

His teaching and research is focused in the areas of economics, ethics, and physics. Romero 
was American Chemical Society (ACS) fellow at Los Alamos National Laboratory working in 
the Condensed Matter and Thermal Physics Division. He received his BS in science and 
chemical engineering from New Mexico Institute of Mining and Technology (New Mexico 
Tech), an MBA from the New Mexico Highlands University, and his ABD in educational 
leadership from the University of New Mexico. 
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A P P E N D I X  T H R E E  

Regional Stakeholders 

M U N I C I P A L I T I E S  ( C I T I E S  A N D  T O W N S )  

P H O E N I X  

As Arizona’s capital and largest city, Phoenix boasts a population of more than 1.5 million 
(more than 4.5 million people live in the metro area it encompasses), making it the United 
States’ sixth largest city and twelfth largest metropolitan area. Several high-tech industries 
have operations in the Salt River Valley, particularly, electronics and avionics. Phoenix and 
its suburbs not only deal with the extreme temperatures and weather of a desert climate, but 
also of an urban heat island. Despite these often blistering conditions, the city has sustained 
growth. 

Canals built as part of the Central Arizona Project—the largest and most expensive aqueduct 
system ever constructed in the United States—divert water from the Colorado River to the 
entire region’s residents, farms, and businesses. 

F L A G S T A F F  

Flagstaff lies 7,000 feet above sea level on the southwestern edge of the Colorado Plateau, 
rising from the surrounding land like an island amid a desert sea. Home to Northern Arizona 
University, Flagstaff is much cooler and wetter than any other city in Arizona. Residents get 
their water from the nearby mountains, groundwater, and treated wastewater. 

T E M P E  

Best known as the home of Arizona State University, Tempe is located just east of Phoenix. 
Its northern part is a dense urban development, made of university buildings and student 
housing, while its southern half consists of lower-density homes and office parks. Tempe 
relies on water from the Central Arizona Project. 

T U C S O N  

Built on an alluvial plain in the Sonoran Desert, Tucson is Arizona’s second largest city—with 
a metropolitan area just over a million people. Apart from being home to the University of 
Arizona, the city also has a significant military presence; many of its technology employers 
are tied to Department of Defense contracts. 

Tucson shares the Central Arizona Project canal with Phoenix and its suburbs, from which it 
gets the majority of its water. It also collects groundwater and treats and recycles wastewater. 

L O S  A N G E L E S  

As the nation’s second largest city and metropolitan area, the Los Angeles combined 
statistical area is home to almost 19 million people. Much like Phoenix and Las Vegas, the 
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area has little to no natural water sources and relies on a series of aqueducts and canals that 
divert water from Sierra Nevada snowmelt, central California sources, and the Colorado River. 

Even though only nine percent of Los Angeles’s water comes from the Colorado River, the 
whole of southern California gets more than half its water from the Colorado—4.4 million acre-
feet of water per year, more than fourteen times the amount used by Nevada and fifty-eight 
percent more than that claimed by Arizona. 

I R V I N E  

Irvine is located in Orange County, California, and is part of the Los Angeles metropolitan 
area. It is known for its high-tech industry and strong concentration of higher-education 
institutions, the University of California, Irvine, being among them. Their water comes from a 
network of local wells and from aqueducts diverting water from the Colorado and other 
northern California sources. 

S A N  D I E G O  

Adjacent to the Mexican border, California’s southernmost city is a thriving beach-lover’s 
paradise. Though tourism is its major industry, over 1.3 million people live and work in San 
Diego. The city is to the U.S. Navy and Marines what Colorado Springs is to the U.S. Air 
Force—a regional hub essential to the function of the nation’s military. San Diego has also 
developed into a center for biotechnology. 

Although much of their water comes from the Colorado River and other sources of northern 
snowpack melt, the city also gets water from a desalinization plant in nearby Carlsbad. 

S A N T A  B A R B A R A  

Promoted as the American Riviera, Santa Barbara’s ideal Mediterranean climate means life 
there is centered around the ocean and nearby agriculture, including some of the nation’s 
best beaches and wine growing regions. Almost half a million people call Santa Barbara 
County home and get their water from the Santa Ynez River, the nearby mountains, state 
aqueducts, and desalinization. 

D E N V E R  

The Mile High City is Colorado’s capital and largest city. Both Denver and its suburbs have 
grown at unexpected rates. More than 680,000 people call the city itself home; its metropolitan 
area houses more than 3.4 million. 

Shadowed from sufficient snow and rainfall by the Rocky Mountains, Denver is forced to 
collect snowmelt from rivers and streams into reservoirs located dozens of miles from the 
city’s center. As is the case in much of the Southwest, Denver’s booming population places 
increasing strain on the city’s water sources. 

C O L O R A D O  S P R I N G S  

Nested in the shadows and foothills of America’s most famous mountain, Pikes Peak, 
Colorado Springs is the state’s second most populous city. More than 456,000 call it home 
(with close to 700,000 in its metropolitan area). The city is defined by the strong presence of 
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the military, with six major Air Force and Army sites in the area, including the U.S. Air Force 
Academy. 

As a high desert city, Colorado Springs experiences erratic seasonal weather (January, for 
example, has been as hot as 76° F and as cold as -27° F) and receives little precipitation each 
year and depends on water pumped from mountain springs and reservoirs. 

B O U L D E R  

Home to tech startups, venture capitalists, and the University of Colorado’s flagship campus, 
Boulder rests right next to the Rocky Mountain foothills, approximately 5,430 feet above sea 
level. The city’s primary water source is Boulder Creek, which receives water from Front 
Range snowpack. 

L A S  V E G A S  

Las Vegas is situated in the North America’s driest desert—the Mojave (the city itself averages 
only 4.2 inches of rain each year)—and is surrounded on all sides by mountains. Like Phoenix, 
Las Vegas is an urban heat island, which is compounded by the monolithic glass, concrete, 
and steel structures that make up its signature Strip. 

The Colorado River annually supplies 300,000 acre-feet of water to the city, most of which is 
cleaned, recycled, and put back into the river. Through the efforts of the Southern Nevada 
Water Authority, Las Vegas has been a leader in advancing quality treatment methods and 
conservation efforts. 

R E N O  

Located just below the eastern foothills of the Sierra Nevada Mountains, “The Biggest Little 
City in the World” is part of a metropolitan area with more than 420,000 people. It is home to 
the University of Nevada’s flagship campus. Its primary water source is the Truckee River, 
which has its source in the high mountains to the west. 

A L B U Q U E R Q U E  

New Mexico’s most populous city—with over 500,000 residents—is also home to the state’s 
flagship higher-education institution, the University of New Mexico, as well as Sandia National 
Laboratories. The city is situated on the Rio Grande River, a major drinking water source. The 
city also receives 48,000 acre-feet of Colorado River water. 

S O C O R R O  

This small New Mexico town sits in the Rio Grande Valley at an elevation of 4,579 feet. The 
New Mexico Institute of Mining and Technology—New Mexico Tech—is located there. 
Residents obtain their water from a network of wells and thermal springs. 

S A L T  L A K E  C I T Y  

Founded as a haven for Mormon settlers, Salt Lake City and its surrounding areas have 
bloomed into a significant metropolitan area, with more than 1.1 million people calling the 
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valley home. The city also is home to the University of Utah. Its inhabitants get their water 
from the Wasatch Mountains to the east and from deep wells. 

L O G A N  

Home of Utah State University, Logan is located to the north of the Salt Lake combined 
statistical area, in the shadows of the Bear River Mountains. The city receives considerably 
more moisture than any other on this list and receives water from a nearby spring in Logan 
Canyon. 

T R I B A L  N A T I O N S 5 

F O R T  M C D O W E L L  Y A V A P A I  N A T I O N  

The Fort McDowell Yavapai Nation is a 950-member Native American tribe that calls central 
Arizona’s upper Sonoran Desert home. Located northeast of Phoenix within Maricopa County, 
the forty-square-mile reservation is bisected by the Verde River. The Nation operates the Fort 
McDowell Casino, the We-Ko-Pa Golf Club, and the Fort McDowell Tribal Farm. 

F O R T  M O J A V E  I N D I A N  T R I B E  

The Fort Mojave Indian Reservation spans land that stretches along the banks of the Colorado 
River, covering approximately 24,000 acres in Arizona and 5,500 acres in Nevada. The 
Mojave Indians are Pipi Aha Macav, “The People by the River.” Their agricultural economy is 
driven by crops like alfalfa, cotton, and wheat. The Colorado also provides opportunities for 
recreation and tourism. 

G I L A  R I V E R  I N D I A N  C O M M U N I T Y  

The Gila River Indian Community (GRIC) traces its roots to the Hohokam—American Indians 
who lived and farmed along the Gila River centuries ago. Composed of two tribes, the Pima 
and the Maricopa, GRIC is located in south-central Arizona. The community is expanding and 
diversifying its economic base, and their Gila River Reservation is home to agricultural, 
industrial, retail, and recreational concerns. 

I N T E R  T R I B A L  C O U N C I L  O F  A R I Z O N A  ( I T C A )  

The Inter Tribal Council of Arizona was established in 1952 to provide a united voice for tribal 
governments located within the state to address common issues and concerns. The members 
of ITCA are the highest-elected tribal officials—tribal chairpersons, presidents, and governors. 

As a subset of the ITCA, the Tribal Leaders Water Policy Council broadens tribal leader 
participation in water policy and collaborates with federal, state. and regional resource 
management bodies. They also work within their own communities to strengthen tribal 
capacity through improved information and analysis on water management. 

                                                
5 This list is by no means exhaustive and includes only American Indian tribes whose representatives attended the event. 
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N A V A J O  N A T I O N  

The Navajo Nation extends into Utah, Arizona, and New Mexico and covers over 27,000 
square miles, an area larger than ten of fifty U.S. states. The Navajo economy is diverse, 
including recreational activities, agriculture, and arts and crafts, however, the greatest sources 
of revenue and largest employers are their mining and oil interests. Navajo leaders have been 
working to bring pipelines, water treatment, and irrigation systems to their communities. 

S A N  C A R L O S  A P A C H E  N A T I O N  

The San Carlos Apache Indian Reservation spans Gila, Graham, and Pinal Counties in 
southeastern Arizona, encompassing over 1.8 million acres. San Carlos Lake is the largest 
body of water in Arizona, with 158 miles of shoreline. It is the center of many recreational 
opportunities on the reservation, including fishing. 

S A L T  R I V E R  R E S E R V A T I O N  

The Salt River Pima-Maricopa Indian Community is a sovereign tribe located in the Phoenix 
metropolitan area. Bounded by the cities of Scottsdale, Tempe, Mesa and Fountain Hills, the 
community encompasses 52,600 acres and is comprised of members of the Pima and 
Maricopa tribes. Out of respect for the land, 19,000 acres are maintained as a nature preserve, 
with the remaining land supporting agricultural, industrial, commercial, residential, and 
recreational use. 

E N E R G Y  A N D  W A T E R  U T I L I T I E S  

A R I Z O N A  C O M M E R C E  A U T H O R I T Y  ( A C A )  

The Arizona Commerce Authority is the state’s leading economic development organization. 
It uses a three-pronged approach to grow and strengthen Arizona’s economy—recruit, grow, 
create. It is overseen by a board composed of Arizona leaders in business and policy, 
including Arizona Governor Doug Ducey. 

A R I Z O N A  D E P A R T M E N T  O F  E N V I R O N M E N T A L  Q U A L I T Y  ( A D E Q )  

The Water Quality Division (WQD) works to safeguard Arizona’s drinking water and reduce 
the impact of pollutants discharged to surface and ground water. 

A R I Z O N A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S  ( A D W R )  

ADWR administers and enforces Arizona’s groundwater code and surface water rights laws, 
except those related to water quality. It negotiates with external political entities to protect 
Arizona’s Colorado River water supply and represents the state in water rights discussions 
with the federal government. 

A R I Z O N A  P U B L I C  S E R V I C E  ( A P S )  

The Water Resource Management Department evaluates water supplies and usage at 
existing APS facilities and ensures infrastructure reliability. They also evaluate conservation 
opportunities and implement new technologies to increase efficiency.  
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A R I Z O N A  S T A T E  L A N D  D E P A R T M E N T  

The Water Rights Section supports the department on water issues and consists of three 
distinct programs: Contractual Water, Water Rights and Claims Administration, and Well 
Registration and Administration. 

C A L I F O R N I A  P U B L I C  U T I L I T I E S  C O M M I S S I O N  

The California Public Utilities Commission (CPUC) works to ensure California’s water utilities 
deliver clean, safe, and reliable water to their customers at reasonable rates. One-hundred 
and eight investor-owned water utilities operate under the CPUC’s jurisdiction and provide 
water service to about 16 percent of California’s residents. Approximately 95 percent of that 
total is served by nine large water utilities, each serving more than 10,000 connections. 
Annual water and wastewater revenues under the CPUC’s regulation total $1.4 billion. 

C E N T R A L  A R I Z O N A  P R O J E C T  ( C A P )  

Started in 1973, the project built a 336-mile canal that diverts Colorado River water from Lake 
Havasu into central and southern Arizona. Each year the nation’s aqueduct system—the 
United States’ largest—delivers over a million acre-feet of water to cities, farms, and tribal 
communities. While municipal portions of the project were declared substantially complete in 
1994, some of those intended to bring water to tribal reservations have yet to be built, and the 
U.S. Department of the Interior estimates twenty years could pass before they are finished. 

C O L O R A D O  W A T E R  C O N S E R V A T I O N  B O A R D  

The Colorado Water Conservation Board represents each major water basin, Denver, and 
other state agencies in a joint effort to use water wisely and protect it for future generations. 
The board consists of fifteen members appointed by the governor to conserve, develop, 
protect, and manage Colorado’s water. 

D E N V E R  W A T E R  

Denver Water supplies water to the City and County of Denver and nearly 50 percent of 
Denver Water customers who live in the surrounding suburbs. It is responsible for the 
collection, storage, quality control and distribution of drinking water to nearly a quarter of 
Coloradans. 

L O S  A N G E L E S  D E P A R T M E N T  O F  W A T E R  A N D  P O W E R  

The LADWP Water System is the largest municipally owned and operated retail water utility 
in the country. Its mission is to provide Los Angeles’ residents with reliable, high-quality, 
competitively priced water in a safe and environmentally responsible manner. The Water 
System’s ten-year Capital Improvement Program focuses on maintaining or replacing existing 
components of the Water System and constructing new facilities to ensure LADWP fulfills its 
mission. 

N A V A J O  T R A N S I T I O N A L  E N E R G Y  C O M P A N Y  ( N T E C )  

NTEC is a wholly owned limited-liability company of the Navajo Nation that operates the 
Navajo Mine and supplies coal to the Four Corners Power Plant near Farmington, New 
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Mexico. NTEC seeks to use part of its income to develop renewable and alternative energy 
projects. 

S A L T  R I V E R  P R O J E C T  ( S R P )  

SRP is the oldest multipurpose federal reclamation project in the United States. Serving 
central Arizona since 1903, they deliver approximately 800,000 acre-feet of water annually to 
a 375-square-mile service area and manage a 13,000 square-mile watershed that includes 
an extensive system of reservoirs, wells, canals, and irrigation laterals. 

S A N  D I E G O  W A T E R  A U T H O R I T Y  

Working with Poseidon Water, the SDWA helped create the Carlsbad Desalination Project, 
which includes the largest seawater desalination plant in the nation and provides 
approximately 10 percent of the region’s water supply. 

S O U T H E R N  C A L I F O R N I A  E D I S O N  

SCE manages a number of programs and projects in water and water treatment that improve 
energy efficiency and boost water conservation. Using SCE’s pump testing services, 
Suburban Water Systems, an investor-owned utility that serves over 300,00 people, was able 
to increase plant efficiency by 18 percent, lowering electric costs and reducing its carbon 
footprint. 

S O U T H E R N  N E V A D A  W A T E R  A U T H O R I T Y  

The Southern Nevada Water Authority (SNWA) is a cooperative, not-for-profit water utility 
formed in 1991 to address southern Nevada’s water needs. SNWA officials manage the 
region's water resources and provide for Las Vegas Valley residents' and businesses' present 
and future water needs. 

W E S T E R N  A R E A  P O W E R  A U T H O R I T Y  ( W A P A )  

One of four power marketing administrations in the U.S. Department of Energy, WAPA 
markets and transmits wholesale electricity from multiuse water projects. Hydropower 
resources are produced at federal dams in eleven states, with enough kilowatt-hours of 
electricity sold to power more than three million homes and businesses a year. 

X C E L  E N E R G Y  

Xcel Energy is a utility holding company serving more than 3.3 million electric customers and 
1.8 million natural gas customers across eight Western and Midwestern states, including 
Colorado, Michigan, Minnesota, New Mexico, North Dakota, South Dakota, Texas and 
Wisconsin. 
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R E G I O N A L  H Y D R O P O W E R  I N F R A S T R U C T U R E  

D A V I S  D A M  

This Colorado River dam spans across Arizona and Nevada, with Bullhead City, Arizona on 
one side and Laughlin, Nevada on the other. Davis Dam was completed in 1951 and outputs 
approximately 255 MW (Megawatts) of electricity. 

G L E N  C A N Y O N  D A M  

Located in northern Arizona along the Colorado River, the dam was built on the upper portion 
of the river in 1966 and formed what is now Lake Powell. The hydroelectric plant here provides 
much of the power for the Intermountain West region, with an output in the range of 1,296 
MW. 

H O O V E R  D A M  

Design and construction of the United States’ most iconic New Deal project bridged three 
American presidencies, from 1928 until 1936. Spanning the Black Canyon of the Colorado 
River, the massive dam impounds Lake Mead, the largest reservoir in the United States (when 
full). The hydroelectric generators provide power for public and private utilities in Arizona, 
California, and Nevada, on the order of 2,079 MW. 

R E G I O N A L  S O L A R  P O W E R  P L A N T S  

A G U A  C A L I E N T E  S O L A R  P R O J E C T  

This photovoltaic power station, located in Yuma County, Arizona was completed in April 
2014. It uses then-film technology-based photovoltaic panels manufactured by First Solar. It 
has a capacity of 290 MW. 

A N T E L O P E  V A L L E Y  S O L A R  R A N C H  

Located near Lancaster, California, within Antelope Valley, this photovoltaic power plant was 
commissioned in April 2014. Its full capacity is 150 MW. 

A R L I N G T O N  V A L L E Y  S O L A R  E N E R G Y  P L A N T S  

These two photovoltaic plants are located approximately 40 miles west of Phoenix, Arizona. 
Operations commenced in 2013, and together, they provide 250 MW of electricity. 

C R E S C E N T  D U N E S  S O L A R  E N E R G Y  P R O J E C T  

This is the first utility-scale concentrating solar power plant with a central receiver tower and 
advanced molten salt energy storage technology. Located near Tonopah, about 190 miles 
northwest of Las Vegas, the plant was synchronized to the grid in October 2015 and started 
providing energy. It currently is at a capacity of 125 MW. 
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D E S E R T  S U N L I G H T  S O L A R  F A R M  

This photovoltaic power station, located six miles north of Desert Center, California, in the 
Mojave Desert, is tied with Topaz Solar Farms for the greatest installed capacity at 550 MW. 
It was completed in January 2015 and has power purchase agreements with both Pacific Gas 
& Electric (300 MW) and Southern California Edison (250 MW). 

I V A N P A H  S O L A R  E L E C T R I C  G E N E R A T I N G  S Y S T E M  

This concentrated solar thermal plant opened in February 2014 and is currently considered 
the largest plant of its kind in the world, on 4,000 acres of land in California’s Mojave Desert. 
It has an energy capacity of 392 MW. 

M E S Q U I T E  S O L A R  P O W E R  P R O J E C T  

A photovoltaic power plant completed in 2013 about 50 miles west of Phoenix, Arizona, the 
Mesquite plant has a capacity of 150 MW. It has an agreement with Pacific Gas & Electric to 
send all 150 MW to California. 

M O J A V E  S O L A R  P R O J E C T  

Located northwest of Barstow in California’s Mojave Desert, this concentrated solar power 
plant was completed in December 2014. Electricity generation is 1005 from the sun, with no 
supplementation from fossil-based sources. It has a capacity of 280 MW. 

N E V A D A  S O L A R  O N E  

Built in 2007 on the outskirts of Boulder City, Nevada, this concentrated solar plant uses 760 
parabolic trough concentrators with over 182,000 mirrors to heat fluid in receiver tubes. This 
produces steam that drives turbines. The plant has a capacity of 75 MW. 

S O L A N A  G E N E R A T I N G  S T A T I O N  

Located near Gila Bend, Arizona, this was the first U.S. solar plant to use molten salt thermal 
energy storage technology. Completed in 2013 by the Spanish company Abengoa Solar, it 
has a total capacity of 280 MW, which is enough power to supply 70,000 homes. 

S O L A R  E N E R G Y  G E N E R A T I N G  S Y S T E M S  ( S E G S )  

The oldest solar power plant still operating (originally built in the 1980s), it is now the second 
largest in the world, after the Ivanpah facility. SEGS is located in northern San Bernardino 
County in California and consists of nine individual solar power plants that collectively have a 
total capacity of 354 MW. The facility uses parabolic troughs and solar thermal technology 
along with natural gas to generate electricity. 

T O P A Z  S O L A R  F A R M  

Completed in November 2014, this photovoltaic power station, located in San Luis Obispo 
County, California, has an installed capacity of 550 MW, tying it with the Desert Sunlight Solar 
Farm for greatest capacity. 
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R E S E A R C H  L E A D E R S  –  N A T I O N A L  L A B S  

L A W R E N C E  L I V E R M O R E  N A T I O N A L  L A B O R A T O R Y  ( C A L I F O R N I A )  

Lawrence Livermore National Laboratory’s mission is to strengthen the security of the United 
States by developing world-class science and technology to enhance national defense, 
reduce the threat from global terrorism and weapons of mass destruction, and to provide 
vision and technical excellence on scientific issues of national importance. The laboratory’s 
Program for Climate Modeling and Intercomparison monitors the global water cycle to gain 
insight into future water availability. 

N A T I O N A L  R E N E W A B L E  E N E R G Y  L A B O R A T O R Y  ( C O L O R A D O )  

NREL has been a pioneer in the development of water-energy system solutions that explicitly 
address and optimize water-energy tradeoffs. NREL has evaluated these solutions for 
Department of Defense bases, islands, communities recovering from disasters, individual 
buildings and campuses, and large-scale water treatment and transport facilities. 

L O S  A L A M O S  N A T I O N A L  L A B O R A T O R Y  ( N E W  M E X I C O )  

The Los Alamos National Laboratory works to solve national security challenges through 
scientific excellence. The Critical Watersheds program analyzed the impact of disturbances 
on watersheds of all scales, including the Colorado River system. Preliminary results suggest 
that climate-driven disturbances will have an increasing impact on regional water supplies. 
The program, which is just over halfway done, is part of ongoing research into atmospheric 
phenomena and earth systems related to the nation’s energy security. 

S A N D I A  N A T I O N A L  L A B  ( N E W  M E X I C O )  

The Sandia Water Initiative seeks to increase the safety, security, and sustainability of water 
infrastructure through the development of advanced technologies that create new water 
supplies, decreasing demand through water-use efficiency, and providing decision-informing 
tools to the institutions responsible for balancing supply and demand. 

R E S E A R C H  L E A D E R S  –  U N I V E R S I T I E S  

A R I Z O N A  S T A T E  U N I V E R S I T Y  ( A S U )  

ASU is a top-ranked research university located in the Phoenix metropolitan area. ASU leads 
all public universities by enrollment and was ranked number one in innovation by U.S. News 
& World Report. ASU’s Future H2O initiative is creating opportunity for change in regional, 
national, and global water systems by engaging faculty, students, utilities, and the private 
sector in developing new technologies and management concepts. 

M A R I C O P A  C O U N T Y  C O M M U N I T Y  C O L L E G E  D I S T R I C T  

One of the largest community college districts in the United States, the district encompasses 
ten colleges, two skill centers, and numerous education centers, all dedicated to educational 
excellence. They offer 954 occupational programs, thirty-one academic certificates, and nine 
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associate degrees and are a major provider of job training for employers in the Valley of the 
Sun. 

N O R T H E R N  A R I Z O N A  U N I V E R S I T Y  ( N A U )  

NAU is located in Flagstaff, Arizona, and offers undergraduate, graduate, and professional 
degrees of high quality and societal value. The university is a high-research institution, 
providing practical solutions that impact our world. 

U N I V E R S I T Y  O F  A R I Z O N A  ( U A )  

The University of Arizona is the state’s land-grant university located in Tucson and is a 
Carnegie Very High research institution. UA engages in water research through a variety of 
programs. The WEST (Water & Energy Sustainable Technology) Center was opened in 2015 
to bring together industry, government, and academia to develop new technologies to help 
communities deal with water scarcity and reuse. 

S T A N F O R D  U N I V E R S I T Y  

Since its founding in 1891, Stanford has been dedicated to finding solutions to big challenges. 
Located between San Jose and San Francisco, Stanford is ideally situated to explore the 
themes of water supply and scarcity. The Water in the West program promotes effective 
solutions for more sustainable water management in the American West. 

U N I V E R S I T Y  O F  C A L I F O R N I A  –  B E R K E L E Y  ( U C B )  

Founded in 1868 and consistently ranked as one of the nation’s leading public universities, 
the University of California’s flagship campus is located in Berkeley, California. The Berkeley 
Water Center takes a comprehensive approach to water resources research and management 
that reflects the conditions of the twenty-first-century American West: variable and uncertain 
supply, increasing demand, and inadequate structural and institutional infrastructure. They 
seek to develop and demonstrate the application of new concepts, information and 
engineering technology, and computational tools that serve diverse water interests. 

U N I V E R S I T Y  O F  C A L I F O R N I A  –  I R V I N E  ( U C I )  

Since 1965, the University of California, Irvine has combined the strengths of a major research 
university with the bounty of an incomparable Southern California location. The UCI Water 
Energy Nexus Center (UCI WEX Center) promotes comprehensive, transdisciplinary 
approaches to water efficiency, energy efficiency, and greenhouse gas reduction in an urban 
environment with a diverse, rapidly growing population. 

U N I V E R S I T Y  O F  C A L I F O R N I A  –  L O S  A N G E L E S  ( U C L A )  

UCLA is located in Los Angeles, California. Diverse, progressive, and centered in one of the 
most influential cities in the world, UCLA is a truly international university that offers a world 
of opportunity. Its Institute of the Environment and Sustainability (IoES) uses Los Angeles and 
California as testbeds to find solutions to environmental issues for the broader world. Their 
hands-on approach immerses students in real-world problem solving. Working with eight 
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research centers and partnerships throughout the UCLA network, they achieve national and 
global reach. 

U N I V E R S I T Y  O F  C A L I F O R N I A  –  R I V E R S I D E  ( U C R )  

Located approximately fifty miles inland of Los Angeles, UCR is recognized as one of the 
most ethnically diverse public research institutions in the nation. UCR is undergoing a 
tremendous growth spurt, with new and remodeled facilities being commissioned on a regular 
basis. UCR’s Water Science and Policy Center researches critical issues related to water 
policy, water quality, and water scarcity. 

U N I V E R S I T Y  O F  C A L I F O R N I A  –  S A N  D I E G O  ( U C S D )  

The University of California San Diego is a student-centered, research-focused, service-
oriented public institution located in the La Jolla neighborhood of San Diego. The Center for 
Western Weather and Water Extremes provides state-of-the-art modeling and predictions of 
weather events to understand effects on water supplies and flooding. 

U N I V E R S I T Y  O F  C A L I F O R N I A  –  S A N T A  B A R B A R A  ( U C S B )  

The University of California, Santa Barbara is a public research university located on the 
California coast. Ranked eighth among all public universities for “Best Colleges” by U.S. News 
and World Report, UCSB offers a learning and living environment like no other. UCSB’s 
Marine Science Institute is an international leader in marine and environmental research, 
which has impacts that extends beyond local waters to address issues affecting oceans 
around the world. 

U N I V E R S I T Y  O F  S O U T H E R N  C A L I F O R N I A  ( U S C )  

The University of Southern California is one of the world’s leading private research 
universities. An anchor institution in Los Angeles, a global center for arts, technology and 
international business, USC’s diverse curriculum provides extensive opportunities for 
interdisciplinary study and collaboration with leading researchers in advanced learning 
environments. The USC Water Research Center seeks to address the severe deficiencies in 
characterizing, monitoring, and understanding of water scarcity in arid climates. 

C O L O R A D O  S C H O O L  O F  M I N E S  ( C S M )  

Colorado School of Mines—also known as “Mines” or “CSM”—is a public research university 
devoted to engineering and applied science. The curriculum and research program are built 
around responsible stewardship of the Earth. Mines is one of the few institutions with expertise 
focused on resource exploration, extraction, production, and utilization, and has a unique 
positioning in higher education. 

The Advanced Water Technology Center (AQWATEC) was established in 2006 at the 
Colorado School of Mines. AQWATEC is supporting the advancement of the campus thrust 
areas of water and renewable energy and the NSF-funded Engineering Research Center 
Reinventing the Nation's Urban Water Infrastructure (ReNUWIt). 



1-43

2016 Southwestern Regional Water-Energy Nexus Event Report Page 42 

C O L O R A D O  S T A T E  U N I V E R S I T Y  ( C S U )  

Located in Fort Collins, CSU is the state’s land grant university and does considerable 
research on issues related to agriculture, forestry, veterinary medicine, and the environment. 
It is home to the Colorado Water Institute, whose mission is to connect all of Colorado's higher 
education expertise to the research and education needs of Colorado water managers and 
users. 

U N I V E R S I T Y  O F  C O L O R A D O  –  B O U L D E R  ( C U - B O U L D E R )  

Situated at the base of the Rocky Mountains, the University of Colorado, Boulder (or CU) is 
the flagship university of the University of Colorado system. The Center for Advanced Decision 
Support for Water and Environmental Systems (CADSWES) was founded in 1986 to research 
and develop decision support systems (DSS) used by government agencies and others to 
improve the management of natural resources, particularly water. 

U N I V E R S I T Y  O F  N E V A D A  –  R E N O  ( U N R )  

Founded in 1874, UNR is Nevada’s land-grant university and has a Carnegie Classification of 
High Research. Its Global Water Center seeks to solve problems of water sustainability by 
fostering scientific interaction and discovery and educating and training the next generation 
of scientists to take on emerging water issues. 

N E W  M E X I C O  I N S T I T U T E  O F  M I N I N G  A N D  T E C H N O L O G Y  

Known as New Mexico Tech, this science and engineering-focused university is located in 
Socorro, New Mexico. The Hydrology program offers five undergraduate and four graduate 
degrees, and faculty research includes climatology, hydrogeology, geobiochemical cycling, 
and paleohydrology. 

U N I V E R S I T Y  O F  N E W  M E X I C O  ( U N M )  

UNM occupies nearly 800 acres in the heart of Albuquerque, with branch campuses 
throughout the state. It is categorized as a Very High Research Activity university in the 
Carnegie Classification system. The mission of the Center for Water and the Environment is 
to increase the participation of underrepresented minorities (URM) in STEM professions while 
conducting cutting-edge research and developing technological and engineering-based 
solutions to problems related to water and the environment. Among its concerns are water 
availability and consumption in arid environments and in times of drought, as well as water 
problems associated with energy generation. 

U T A H  S T A T E  U N I V E R S I T Y  ( U S U )  

USU has seen substantial growth in grants and endowments in the last 25 years, transforming 
itself from a small regional college to a thriving research university. The Utah Water Research 
Laboratory (UWRL) has served as a leader in applied research of water-related challenges 
for 50 years, focusing on water quality, treatment, and management. 
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I N D U S T R Y  

A M E R I C A N  D G  E N E R G Y  

American DG Energy supplies low-cost energy to its customers through distributed power 
generating systems. They provide institutional, commercial, and small industrial facilities with 
clean, reliable power, cooling, heat and hot water through their On-Site Utility™ energy 
solutions. American DG Energy is headquartered in Waltham, Massachusetts. 

G E  W A T E R  –  W A T E R  A N D  P R O C E S S  T E C H N O L O G I E S  

This division of General Electric Power and Water provides chemical and equipment solutions 
and services to customers to optimize and manage water resources across industries and 
municipalities. 

I N T E L  C O R P O R A T I O N  

Intel is one of the largest semiconductor chip makers in the world. The manufacturing process 
that produces chips requires a great deal of purified water, which later becomes industrial 
wastewater. In its Chandler, Arizona facility, Intel has developed methods to clean its 
wastewater. Whatever portion cannot be cleaned is recycled into other uses, such as the 
plant’s cooling towers. 

N A T E L  E N E R G Y  

Natel Energy is an international water and energy innovation company based in Alameda, 
California in the San Francisco Bay Area. Their vision is to launch hydropower systems that 
enable cost-effective production of low-impact, distributed baseload energy while maintaining 
the health of watershed ecosystems and the communities surrounding them. 

P O S E I D O N  W A T E R  

Poseidon Water is a water project development company headquartered in Boston, 
Massachusetts. They identify, plan, finance, develop, own and manage large water 
infrastructure projects. They take a public-private partnership approach. They specialize in 
reverse osmosis seawater desalination facilities. They developed the Carlsbad Desalination 
Plant in San Diego County, the largest such plant in the nation. 

S W I R E  C O C A - C O L A  

Swire is a dedicated partner of the Coca-Cola company and is the regional bottler and 
distributor for eleven Western states. They employ over 1,800 people in the region and have 
plants and distribution facilities throughout the Southwest. Because water is the number-one 
ingredient in every beverage they make and sell, Swire has significant interest in securing and 
preserving regional water sources, both now and for generations to come.
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Jacob Moore Arizona State University Assistant Vice President of Tribal 
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Engineer 

James McCollough US Department of Energy Chief of Protocol 

John Sabo Arizona State University Professor, School of Life Sciences 

Kaitlyn Fitzgerald Zero Mass Water Business Development Analyst 

Kathy Eiler University of California, Irvine Director, Federal Relations 

Kelly Sanders University of Southern California Assistant Professor, Sonny Astani 
Department of Civil and Environmental 
Engineering 

Ken Carlson Colorado State University Professor, Civil and Environmental 
Engineering; Director, Center for 
Energy Water Sustainability  

Kimberly Rasar US Department of Energy Associate Deputy Under Secretary for 
Science & Energy 

Kimberly  Ogden University of Arizona Professor, Chemical and 
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The following is a summary report and notes for the Purdue University Regional Clean Energy 
and Innovation Forum, held June 8-10, 2016 on the West Lafayette campus. 

Objective

The Regional Clean Energy Innovation Forum was held on June 8-10 under the auspices of 
Discovery Park in association with Argonne National Laboratory.  The objective of this forum 
was to bring together leaders in clean energy innovation from the Midwest region that 
encompassed the states of Minnesota, Iowa, Wisconsin, Illinois, Indiana, Michigan, Missouri and 
Ohio.  The 195 registrants represented this region’s National Laboratories, key university 
research centers, and industry, as well as faculty and staff from across Purdue University. 

Summary 

The Midwest has tremendous amounts of natural resources, is rich in manufacturing, and has 
outstanding national laboratories associated with the U.S. Department of Energy.  According to 
the key note presentation by President Daniels, the solutions to energy problems are important to 
the work of society, since these solutions relate not only to energy, but also to health, food, and 
the economic welfare of the region and the nation.  Purdue University, together with its partners, 
carries out pioneering research in technologies both for utilizing or generating energy in new 
ways as well as in conserving energy.  Some examples of new energy ventures close to the West 
Lafayette campus include a federally funded materials center which will be starting-up in the 
near future and the world’s most advanced jet engine manufacturing facility in Lafayette, IN.  In 
addition, there are significant activities in translation and technology transfer that are occurring 
at the Purdue Research Foundation’s Research Park in West Lafayette, IN. 
 

 
President Daniels welcomes participants of the Regional Clean Energy Innovation Forum. 
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Dr. Tómas Díaz de la Rubia summarized the capabilities of Discovery Park in key areas of 
materials, nanotechnology, bioenergy research, energy storage and wind energy, as well as 
experience in public/private partnerships.  He introduced the Under Secretary for Science and 
Energy, Dr. Lynn Orr, who addressed the importance of regional clean energy innovation 
partnerships.  These partnerships will play an important role in addressing technology 
innovation, formation of consortia to advance the region in energy programs, and, building on 
current DOE programs and business models, would advance clean energy in the Midwest.  These 
partnerships must address climate concerns, air quality, and water quality issues over a sustained 
period of time in order to ensure environmental and energy security. In the long-term clean 
energy innovation and private/public partnerships will decide which societies are competitive 
and which ones are not.  This message was conveyed both during the keynote presentations and 
during separate meetings with the graduate students and faculty who had carried out research 
supported by DOE. 

Concurrent opportunities for major innovations and changes are already occurring, and will 
define how the United States and other countries will address the goals negotiated at the United 
Nations Climate Change Conference in Paris on December 12, 2015, for reduction of greenhouse 
gas emissions.  At this meeting, many countries, including the U.S., agreed to double clean 
energy research and development over the next five years.  This research will address the 
fundamental science of energy generation and utilization as well as mitigation of the effects of 
CO2 emissions on climate change. 

The DOE’s clean energy portfolio will be focused on early stage R&D, with $110 million 
requested for the FY 2017 budget for Regional Energy Centers.  This research initiative includes 
fostering regional opportunities for energy innovation, and capitalizing on the intellectual capital, 
as well as the science and engineering enterprises of universities, laboratories, start-ups and other 
research organizations which have the capability of carrying out technology transfer as part of a 
team based effort.  Since renewable energy availability, local climates and team resources, and 
available assets of universities and national laboratories vary with region, a regional approach 
will be an important component of the DOE research portfolio.  There are possibly up to 10 
multi-stage regions where this approach might be considered, although the extent of the program 
will depend on budget approvals. 

In the case of Indiana there is a synergy between entrepreneurship and discovery, as well as 
translating new technology developments into the energy industry.  Examples cited by 
Lieutenant Governor Holcomb of Indiana include hundreds of windmills, a solar (photovoltaic) 
farm at the Indianapolis International airport, and biofuel production facilities currently 
producing ethanol for fuel use.  These synergies and the status of energy technology in Indiana 
will lead to new jobs, higher wages, and positive economic developments with new technology 
developments expected to have a regional impact, as well. 

In addition to wind and solar power (i.e., photovoltaics), coal and nuclear energy are also 
important and will make continuing contributions.  However, there has been a large decrease in 
the use of coal over the last ten years.  Senator Jim Merritt pointed out that approximately 1/3 of 
the coal plants will be taken out of service by 2030.  While biomass and geothermal energy 
sources are still struggling, wind has led the way for solar power, and major advances and 
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improvements in battery storage will have impacts both on solar and wind generated electrical 
power, as well as meeting some of the needs for corporate and manufacturing facilities where 
power storage is an important component.  Nuclear energy is another option since it provides 
carbon-free energy.  In addition, improvements in production efficiency will also play a role.  An 
example is Subaru which has a major automobile plant in Lafayette, IN, and which has 
significantly improved its efficiency and serves an example of what can be done.  The session 
ended by Senator Merritt pointing out that “saving energy is bipartisan.” 

(Left to Right) Suresh Garimella (Purdue), Tomás Díaz de la Rubia (Purdue), Mitch 
Daniels (Purdue), Pankaj Sharma (Purdue), Jim Merritt (Senator, Indiana), Thomas Golab 
(Navitas Systems), Lynn Orr (DOE), Eric Holcomb (Lt. Governor, Indiana) welcome 
participants and speakers in the Regional Clean Energy Innovation Forum at Purdue 
University. 
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Overall Findings of the Panels 

The key findings of the 5 panels presented a consistent message: 

(1) Efficient energy generation and utilization have both a regional and national basis.  The time 
has come to address clean energy that is most appropriate for a given geographical area, and 
for which solutions and living laboratories to test and prove the solutions, is best done on a 
regional basis.  In our case, the pertinent region is Indiana, Illinois, Michigan, Ohio, 
Missouri, Wisconsin, Iowa, and Minnesota. 

(2) There is a compelling case to be made for a Purdue University led regional energy center 
whose scientific and engineering basis would address the bioeconomy, wind and solar 
energy, grid integration, advanced materials, energy storage technology, and public-private 
partnerships in the Midwest.  Purdue has a presence in all of these areas, and together with 
other partners could act as a lens to focus regional activities on robust and internationally 
relevant solutions in clean energy; and 

(3) Staffing of high technology activities in clean energy will require an appropriately educated 
and trained workforce.  Purdue University, its academic partners, and National Laboratory 
collaborators are uniquely positioned and actively engaged in addressing this need.  A 
Regional Center for Clean Energy will enable this on-going resource to be ramped up and 
bring about a renaissance in clean energy research, development, and utilization in the 
Midwest.  The Midwest has potential to become a role model for other Regional Energy 
Centers.

Under Secretary of Energy Orr discusses energy, environmental security, & mission innovation. 
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Summaries for Individual Panels 

Panel No. 1:  Energy Storage
Moderator:  George Crabtree (Argonne National Laboratories) 

Panelists:  David Roberts (Battery Innovation Center), Mark Johnson (Department of Energy), 
Joaquín Rodríguez-López (Illinois at Urbana-Champaign) Thomas Golab (Navitas Systems) 

Energy Storage panelists discuss energy storage technology challenges and 
opportunities at Purdue University Regional Clean Energy Innovation Forum. (Left 
to Right): George Crabtree (Argonne National Laboratory), David Roberts (Battery 
Innovation Center), Mark Johnson (Department of Energy), Joaquín Rodríguez-
López (Illinois at Urbana-Champaign), Thomas Golab (Navitas Systems) 

Energy storage is critical for expanding the generation of electrical energy and for grid and 
transportation applications.  The development of batteries with higher power density will 
facilitate more efficient capture of energy from wind and solar by providing ways to store power 
until it is needed.  While energy storage is important, the distribution of energy also faces major 
challenges including cyber security, since the distribution system is controlled through computer-
based algorithms and control systems.  A cyber-attack on the electrical grid could have a major 
consequence on the U.S. economy by causing large power generation plants to be shut down and 
an electrical power cut off to major manufacturing facilities in urban areas.  There are numerous 
research and implementation opportunities that should be addressed and for which a regional 
energy center would provide an enabling and catalytic effect. 

The production of batteries will need to be less costly and the adaptation of older technologies 
(such as Kodak’s mass manufacture of photographic films) could serve as a model in the 
manufacture of batteries and other large volume energy storage products.  Given the need to 
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reduce the cost, this approach should enhance utilization of batteries. Renewable electrical 
energy harvested from the wind and the sun will need to be stored in a cost-effective and robust 
manner with a number of different configurations. 

The need for scientists and engineers who will work in this research area and also in the 
engineering of cost-effective batteries was also addressed.  When batteries are produced on a 
large scale, many technology problems will likely be encountered and this will benefit from 
public/private partnerships to address the many aspects of storage technology, ranging from 
battery technology to optimizing methods for deploying batteries as part of the grid.  Advances 
in storage will require cross-disciplinary research and cooperation, and investment by 
government and industry.  Policy is also needed in order to enable the utilization of the electrical 
power derived in this manner, and also to apply the technology not only to automotive transport 
but also to the chemical industry or to on-site manufacturing where a reliable supply of 
hydrogen, H2, is also important. 

In response to questions, the Panel suggested that there will be multiple technologies that will be 
needed in order to achieve the goals of energy storage over the next 5-10 years.  In addition to 
technological and regulatory policies, the positioning of the utilities with respect to this 
technology will be important in terms of financing adaptation of clean and renewable energy by 
individual consumers (households). 

Dr. de la Rubia leading discussion on opportunities for energy innovation in Midwest Region 
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Panel No. 2:  Biomass/Synthetic Biology
Moderator:  Michael Ladisch (Purdue University) 

Panelists:  Bruce Dale (Michigan State University), Jennifer Dunn (Argonne National 
Laboratory), Nancy Heimann (Enginuity Worldwide), Peter Keeling (Iowa State University), 
Kent Peters (Department of Energy) 

There are a number of products derived from renewable resources, which may either include 
energy sources (liquid fuels) and perhaps, just as importantly, bioproducts, derived from 
unutilized biomass materials (after biofuels have been manufactured).  The Panel addressed both 
environmental and supply chain issues, including land use and managing the generation of 
biomass, which will be needed to provide feedstocks to industrial facilities that utilize 
lignocellulosic biomass to form both liquid fuels and value-added co-products.  The co-products 
may find use in the manufacture of plastics, coatings, and other chemical products for which an 
oxygenated (i.e., plant material derived) molecule may have superior properties.  As this part of 
the industry ramps up, beneficial interactions between food, feed, the environment and biofuels 
should be emphasized, and will likely emerge.  Regional factors will impact feedstock selection 
ranging from agricultural residues (for example, corn stover), woody biomass, and specialty 
energy crops such as switchgrass and Miscanthus. 

Some of the challenges that will face the bioeconomy, but which can be solved if properly 
addressed, include the transportation of biomass from the point at which it is generated (i.e., the 
farm) to the point of where it is processed (i.e., fermentation facility).  Pricing of the feedstock, 
as well as the final product, in addition to the pricing of oil against which some of these products 
will compete, is a key consideration in determining whether or not some of these routes might be 
practical.  Nonetheless, there is significant optimism that this can be done, with current work 
moving in the direction of using renewable feedstocks for the production of both biofuels and 
bioproducts.

The production of bioproducts benefits from biology, since biological catalysts (both 
microorganisms and in some cases enzymes) are able to selectively remove oxygen from sugars 
derived from biomass.  While there is a gap between innovation and use of new technology in 
the industry, this gap can and must be addressed.  A key impediment is the need for massive 
scale-up of process technologies and manufacturing capabilities for bioproducts derived through 
biological, biochemical, and chemical catalysis and separations.  The correct cost and price 
points will need to be defined and the quality of products will need to be better than existing 
products derived from less expensive petroleum.  Life cycle analysis will be needed to guide 
choices for smart designs of production facilities and generation of renewable feedstocks in a 
sustainable manner.  Examples of bioproducts that could be both developed and deployed 
regionally include aviation biofuels, gasoline extenders for light engines, bio-monomers for 
biodegradable plastics, and specialty chemicals derived from both the lignin and cellulosic 
components of biomass feedstocks.  Translation of technologies from laboratory to commercial 
production must be a focus, with the existing regional infrastructure providing pre-existing 
capital infrastructure from which to expand the biorenewables portfolio in a meaningful way. 

Overall, the areas that require both fundamental research and translation efforts are in sustainable 
biofuels and bioproducts, feedstock production and fundamentals of biomass deconstruction.  
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Bioproducts have an important role to play since their price points place them at a higher selling 
value than the fuel itself and thereby would have a positive economic effect.  Some of the 
considerations in selecting which bioproducts might provide a good fit with biorefineries that are 
currently under development include obtaining a product that could serve as a building block for 
other chemicals; may be manufactured by a process that has an improved GHG profile over 
products with equivalent functionality but derived from petroleum; and has a unique 
characteristic and sufficiently large market to attract companies to manufacture it. 

The cost sensitivity of these processes is due to the cost of the feedstock (e.g., corn stover) where 
prices (between $40 and $80/ton) of biomass must be considered.  A sustainable supply of 
biomass feedstock must be available.  However, low oil prices make it difficult to keep biofuels 
competitive.  A focus on the technology and links between producing fuels and chemicals will be 
important for the economics of biorefineries and for planning purposes so that these biorefineries 
can carry out either thermal or bioprocessing types of reactions.  Regardless of the approach, 
sustainability will be the key in managing the interaction of crops with growth conditions so that 
these provide consistent feedstocks suitable for deconstruction and separation for eventual 
production of fuels, biopolymers, and biochemicals from lignocellulosic biomass.  Energy policy 
changes may also be needed. 

Panel 3:  Critical Materials/Advanced Manufacturing
Moderator:  Thomas Lograsso (Ames Laboratory) 

Panelists:  John Barnes (Alcoa Titanium & Engineered Products), Carol Handwerker (Purdue 
University), Chenn Zhou (Purdue University Northwest) 

Panel 3 addressed the need for a stable supply of clean energy, and the diversification of 
expanded production.  Appropriate materials for fabrication of equipment and systems that 
generate electricity using wind, electrical power and other means is an important factor.  This 
Panel gave an industrial viewpoint and observations regarding how renewable energy and clean 
technologies could be conveyed in ways that are appealing to people.  For example, at Alcoa, 
one of the approaches used for rolling out new products is to manufacture these products in a 
way that they are appealing to the consumer.  The supply chain of both technology and materials 
can be controlled in a predictable manner.  It is important for utilization of new materials to 
communicate the message of what the material will do and the price point at which it will be 
successful.  Innovation, integration, and industrialization of new discoveries and developments 
have many challenges which must be recognized and overcome. 

The development of new materials, and manufacturing of these materials in new ways, will 
impact clean energy through improving efficiency (and therefore generating less CO2), as well as 
by providing materials that can be used in aviation, transportation systems, and for energy 
generation and storage.  One example given was the computer simulation of the internal parts of 
a blast furnace, where modeling and prediction of heat distribution patterns at very high 
temperatures lead to improvements in blast furnace operations and reduced the amount of energy 
required.

Nanotechnology has the potential to provide materials with superior properties, but scalability is 
a challenge.  Transfer of technology from the laboratory to large-scale manufacturing faces a gap 
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that requires a flexible team that is critical of their work and can identify gaps needed to 
overcome manufacturing issues.  The technology readiness level (abbreviated TRL) captures 
some of the inherent challenges with transition from TRL3 (small scale) to TRL6 or 7 (pre-
commercial and pilot plant) scale requiring a significant effort and careful planning in order to 
achieve final goals.  Within this context, the production of titanium powder by Alcoa 
underscored many of the challenges. Titanium powder, which is difficult to handle, is 
manufactured to specifications on a very large scale.  Success required not only innovation but 
also integration of the different unit operations that occur in the manufacture of the powder.  This 
project succeeded due to an understanding of how large-scale production could be industrialized. 

Some examples of critical materials and advanced manufacturing for wind energy included 
windmills, where permanent magnets enabled more efficient operation, lead-free solder, which 
addressed a safety issue but also changed properties of circuit boards, which had previously used 
lead in their soldering method. 

 
Erin Lucas and Pankaj Sharma discuss commercialization opportunities in the Midwest region. 

Titanium metal parts presented different challenges.  Ingot to install (ship ingots to Airbus and to 
Boeing for manufacture of aircraft components) was the original model which is undergoing 
major changes due to 3D printing.  3D printing enables parts to be manufactured using powders.  
However, systems integration of 3D printing capabilities with other manufacturing is also 
required and presents both an opportunity and a challenge.  The problem in this case is that 
machines do not integrate well, but once this is overcome, the use of 3D “ink” results in 
“infinite” possibilities with the adoption limited by the vision and imagination used to implement 
the technology.  Given the numerous possibilities presented by the new materials, John Barnes 
(from Alcoa) pointed out that there is “no saturation point in education.”  More is better from the 
point of view of developing, translating, and implementing new technologies. 
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The fundamental problem that defines gaps in translation revolves around the key questions of: 

 1. Is it economic? 
 2. Is there a market for the product? 
 3. Can the materials use cycle be closed? 

In order to bridge what is known as the “valley of death,” an increased level of accountability 
with respect to high level goals is needed so that the development pathway can be carried 
forward in an efficient and productive manner, and the product development cycle avoids “the 
valley of death.” 

In the case of magnets, the rare earths first needed for the magnets is very challenging 
particularly with respect to recycle.  In this case, the magnets need to be kept intact and 
collection becomes a huge issue if these materials are to be recycled. 

 
Professor Carol Handwerker proposes challenges and solutions for developing critical materials 
to Thomas Lograsso (AMES Laboratories). James Chavez (Sandia National Laboratory) is in 
background. 

While there are various ways that the Critical Materials Institute can achieve its goals, the 
International/National Electronics Manufacturing Institute carries out projects only with in-kind 
resources.  The adaptation of new materials for clean energy is related to supply chain, and 
suppliers (for example, Alcoa) must keep up with the technology as it develops given its huge 
impact on manufacturing of advanced materials which go into different types of products for 
conserving energy, utilizing energy more efficiently, or generating energy. 
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Panel No. 4:  Wind Energy/Grid Integration
Moderator:  John Bear (MISO Energy) 

Panelists:  Doug Esamann (Duke Energy), John McDonald (GE Grid Solutions), Lian Shen 
(University of Minnesota), Juan Torres (Sandia National Laboratory)

A key area for efficient use of electrical energy is the grid.  One of the concepts currently being 
examined is a self-healing grid that will implement, divert, or redirect electrical power in 
response to extreme events.  This requires establishment of foundational standards, which 
involve technology, industry standards and policy.  In 2009, NIST, under the America 
Recoveries Act (ARA), coordinated development of the smart grid and examined many of the 
issues involved. 

The key to a smart grid and utilization of renewable power is management of demand since solar 
and wind power will not replace baseload power because of the variability in the renewable, 
electrical power generation.  Consequently, baseload and large electrical generation facilities are 
still needed.  Many of these are currently coal-based, although there is a move to shutter some of 
the older coal facilities and replace with natural gas. 

Juan Torres of Sandia Laboratories pointed out that Hawaii provides a case study in that it has 
small diesel generators that provide power, with their grid being built upon electromechanical 
generation capabilities.  In the case of Europe, wind and solar are “super highly meshed,” and 
provide a living laboratory and interesting case studies for the U.S. and the management of the 
U.S. grid.  A smart grid looks at both demand and supply, not just the demand side, and 
consequently requires significant optimization.  There is much more work to be done on the 
demand side of electrical power usage. 

A smart grid will need to be optimized on a regional basis; hence, the Regional Clean Energy 
and Innovation Center could play a role, and could facilitate coordination on a larger national 
basis.  Some questions to be addressed relative to cyber security include the close link of 
physical operations and computer control, and achieving a stable grid.  There needs to be clear 
understanding of the risks that are involved.  One of the panelists suggested that a cybersecurity 
course be required of all students (only a few graduate students at the meeting had actually taken 
a cybersecurity course at this time).  Since digital control and cybersecurity will be critical for 
stable operation of a grid and many other types of power generation, this should be a high 
priority.  One other comment offered that integrating wind power with hydropower would be 
difficult because the hydropower may not be well-controlled, particularly during periods of 
drought or other special events. 
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Graduate students and researchers present and discuss posters on their research on biocatalysts. 

During dinner, Jay Gore 
reflects on the many 
excellent ideas and 
approaches for regional 
clean energy innovation, 
discussed during the 
forum. 

Panel No. 5:  Public/Private Partnerships
Moderator:  Mark Johnson (Department of Energy) 

Panelists:  Justin Hage (Indiana Economic Development Corporation), Marcey Hoover (Sandia 
National Laboratory), Duane Johnson (AMES Laboratory), Paul Mitchell (Energy Systems 
Network), Byron Pipes (Purdue University), Alfred Sattelberger (Argonne National Laboratory) 

A Panel on public/private partnerships was headed by Mark Johnson (Director, Advanced 
Manufacturing Office at DOE) who is familiar with various forms of partnerships.  These 
included CRADAs (ventures between faculty and/or national laboratories and small businesses), 
the Small Business Voucher Program, and related small business programs.  One of the 
challenges indicated was identifying who a small business should work with in order to form a 
partnership and effectively develop new technology.  Research laboratories could provide 
facilities to external partners, thereby reducing the need to replicate the same facilities in the 
private sector and improve the accessibility and efficiency with which new technology is 
developed.  One of the issues discussed included the foundational problem of companies 
spinning off businesses (examples are General Electric, IBM, and others), in which the 
businesses are run separately.  This was presented as causing a negative impact on research.  In 
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this case, the research, which was previously carried out in a contiguous organization, was 
fragmented. 

In the area of clean energy, there is currently global agreement to increase carbon efficiency and 
do it as technology becomes available.  Public and private partnerships are needed throughout 
the country, with regional emphasis on regional issues and solutions that apply on a national 
basis.  In order to achieve this, tax credits and other incentives could be put in place.  In addition, 
an energy systems network is another approach, and an example is given between the partnership 
of utilities and automotive transportation currently being developed through shared-ride vehicles.  
In Indianapolis, the use of electrical vehicles on a shared-ride basis is being tested to make more 
efficient use of the vehicles and encourage adaptation of electrical vehicles.  Byron Pipes 
described the new Institute for Advanced Manufacturing which is one of the NNMI laboratories, 
as a win/win situation. 

It is imperative to speed up the timeline from discovery to development, and work with industry 
partners to define gaps and challenges before the translation process starts, if at all possible.
Examples would be the environmental remediation associated with cell phones and laptops, 
where design might make it easier to recycle components.  Marcey Hoover described DOE’s 
Sandia National Laboratories, which have a budget of approximately $3B, and which address 
energy and climate, safety and security, nuclear energy, and bioenergy challenges.  Unlike the 
defense and intelligence work also being done at Sandia, the laboratory wishes to share and 
partner in the energy areas. 

The challenges in carrying out the work under the auspices of a public/private partnership appear 
to be communication, and at times, differences in culture (i.e., timelines and expectations).  
Alfred Sattelberger described Argonne National Lab, a $750M DOE laboratory in the Chicago 
area, with 15 research divisions and 5 national user facilities.  Argonne is also home to the Joint 
Center for Energy Storage Research, an energy innovation hub that includes 4 other national 
labs, 5 companies and 5 universities. Al mentioned a new DOE-funded program called Chain 
Reaction Innovations that allows entrepreneurs, on a competitive basis, to apply for access to the 
Argonne ecosystem and use of its experimental and computational facilities.  The bottom line of 
this Panel was given by Mark Johnson, who stated that “the public wants science with an 
outcome.”  Other key take-aways are that economics are regional (therefore, benefiting from a 
regional center).  At the same time, appropriate partnerships create prosperity with technology.
The building of technology, for which there are no competent workers, however, is not 
constructive, and therefore, an educational component will be very important. 

Public/private partnerships benefit from tax incentives to support small businesses through 
technical assistance, and an example was given for Sandia Laboratories.  In this case, 2500 small 
businesses from around the State are supported through funding of $48 M resulting in creation of 
5,000 New Mexican jobs.  This requires, however, that PI’s will work with businesses, and 
entails a significant management effort.  In Chicago, the investment community is involved 
through Argonne Laboratories and businesses in the area, which address clean energy, the 
battery program, and also work through the University of Chicago, to make connections between 
academics and private companies, as well as the National Lab. 
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Other programs that are available for partnerships include traineeship programs managed by the 
Advanced Manufacturing Office at DOE, and building “boxes,” i.e., integrated systems for 
prototypes of electrical systems.  Successful public/private partnerships require people trained to 
work in the various parts of translating technology and starting up new businesses.  A number of 
key points were made during the discussion by the Panel, of what might be needed for educating 
students to pursue projects within this context.  These included: 

 1. Understanding policy and business; 
 2. Learning how to do economic analyses (GE was given as an example); 

3. Understanding how to solve an energy problem, as compared to simply 
discovering science.  These require completely different mind-sets; 

4. Facilitating continuous discussions between scientists, researchers, and engineers 
as a project develops; 

 5. Identifying timelines and then achieving them; 
6. Learning how to build milestones into timelines, and then handling difficult go/no 

go decisions; 
7. Understanding how to start small, working with proposals that require cost-share, 

and learning how to create value propositions. 

All of these elements go into public/private partnerships, and could be done on a regional basis 
with the Regional Clean Energy Center providing the infrastructure and people to begin the 
formation of these partnerships and also provide the technical, scientific, developmental, and 
educational components required for success. 
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On July 5th,  2016, The University of New Mexico (UNM) hosted the Southwest Regional 

Energy Innovation Forum, bringing together leading experts from academia, national 

laboratories and industry from the states of New Mexico, Arizona, Utah, Colorado and 

Idaho. This Forum was held in response to the Department of Energy’ (DOE) Mission 

Innovation  init iative. We chose  the theme of Materials Technologies for Clean Energy 

because of the signif icant contributions to advances in clean energy that have been made 

by innovators and researchers from throughout the Southwest Region. Panel members 

discussed the state of materials technology and the greatest challenges in hydrogen 

technology, solar conversion, electrical storage and nuclear energy.

Panelists highlighted the latest commercial ized and emerging technologies in each of 

the four areas from the standpoint of materials-enabling breakthroughs, and presented 

potential revolutionary new approaches to clean energy production and uti l ization that 

wil l  be enabled by advances in new materials technologies. In many cases the articulated 

needs, ideas and approaches overlapped between the different clean energy technologies 

explored, thus suggesting a fundamental synergy that is inherent in early stage innovation 

through materials research and integration. The need for crit ical experimental research, 

in conjunction with predictive modeling for materials properties,  and emerging modes of 

collaboration between academia, the national laboratories, and industry were detai led and 

explored. 

Executive Summary

“ R e v o l u t i o n a r y  N e w  A p p r o a c h e s  T o 
C l e a n  E n e r g y  P r o d u c t i o n  &  U t i l i z a t i o n ”
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Years of gas, coal ,  and coal-bed methane mining and processing have rendered the “Four 

Corners” area a methane hot spot, providing an urgent impetus for rapid deployment 

of clean energy alternatives. It  is both fortuitous and a tremendous advantage that the 

Region hosts a diversity of special ists in materials research and translation for clean 

energy applications. The Southwest Region is home to the National Renewable Energy 

Laboratory (NREL), Los Alamos National Laboratory (LANL), Sandia National Laboratories 

(SNL), and Idaho National Laboratory (INL), as well  as to several top research universit ies, 

whose intel lectual and technological capabil it ies have been leveraged into various multi-

institutional ,  multi-sector collaborations. 

T h e  J u l y  E n e r g y  I n n o v a t i o n  F o r u m  i d e n t i f i e d  f o u r  i m p o r t a n t 

c h a r a c t e r i s t i c s  t h a t  m a k e  t h e  S o u t h w e s t  R e g i o n  u n i q u e l y 

p o i s e d  t o  a d d r e s s  t h e  p a r t n e r s h i p  g o a l s  o f  t h e  M i s s i o n 

I n n o v a t i o n  I n i t i a t i v e : 

1 .  There is a tremendous technological advantage in deliberately coupling 

fundamental research, development and integration of new materials 

technologies  to the need for revolutionary advances in clean energy 

sources and processes. Thus a partnership devoted to energy materials 

development wil l  form the foundation for expansion of the nation’s clean 

energy future.  

2.  The Southwest Region is a  national leader  in materials research and 

development for energy applications  and is an established hub  for 

energy materials innovation  and commercialization . 
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3. Existing and well-established public/private partnerships  within the 

Southwest Region can be leveraged in the development of materials 

solutions for clean energy and can be further enhanced as part of a  

regional partnership. 

4. The Southwest Region is uniquely positioned intellectually and 

geographically to integrate and coordinate a multi-sector effort that can 

serve as a model for future, expanded programs in other Regions. 

In conclusion, the Southwest Region wil l  play an essential role in the development of 

materials to secure a clean energy future and wil l  be central to the U.S. meeting its 

obligations under Mission Innovation . 

Mission Innovation: A Global Response to Climate Change

created with mapchart.net ©
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The need for implementing better,  low-carbon, clean energy technologies is becoming 

more urgent as average global temperatures increase, leading to rises in sea levels, 

persistent drought, encroachment of tropical diseases and severe weather events. The 

rapid deployment of innovations within the diverse spectrum of clean energy solutions 

and processes that can signif icantly reduce the emission of greenhouse gases is vital in 

mitigating the threats posed by cl imate change.

Last year President Obama announced at the United Nations Climate Summit in Paris the 

joint launching of Mission Innovation ,  a new twenty-one-member init iative that commits 

each partnering country to double their respective clean energy research and development 

(R&D) investment over f ive years. Mission Innovation  seeks to accelerate the development 

of clean, carbon-reducing energy technologies throughout the energy sector in an effort to 

transform energy markets and create additional commercial opportunities in clean energy.

Through Mission Innovation ,  the U.S. has pledged to increase its energy R&D budget by 

20% in 2017, with a concomitant $30 bil l ion investment among the group of 21 members over 

f ive years. In a separate, complementary private sector-led effort,  the Breakthrough Energy 

Coalit ion has pledged unprecedented levels of private capital investments to accelerate the 

development of clean energy solutions. The Breakthrough Energy Coalit ion is focused on 

early-stage, high risk innovations with the potential to reach scale-up mode quickly.

Mission Innovation: A Global Response to Climate Change
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On July 5th,  2016, UNM hosted the Southwest Regional Energy Innovation Forum to explore 

how new materials technologies can enable clean energy devices and processes and bring 

transformative low carbon energy solutions to market.  Experts from academia, industry 

and four national laboratories in New Mexico, Colorado, Arizona, Utah and Idaho came 

together to discuss materials for specif ic clean energy technologies of particular import to 

the Region, including fuel cel ls ,  solar conversion, battery storage and nuclear energy. 

The Forum was a resounding success. Vigorous discussions identif ied many promising 

areas for future development. It  also focused on overcoming the challenges to 

partnerships between academia, the national laboratories and industry and the 

overwhelming benefits to forming productive collaborations that wil l  be necessary to 

address the grand challenge of developing viable solutions to combat cl imate change.

In attendance were the U.S. Secretary of Energy, Dr.  Ernest Moniz; U.S. Senators from 

New Mexico, Tom Udall  and Martin Heinrich; UNM President, Dr.  Robert G. Frank; UNM 

Vice President for Research, Dr.  Gabriel P. López; Director of the Los Alamos National 

Laboratory, Dr.  Charles McMil lan; and other distinguished participants representing 

academia (70), national laboratories (25), industry (23), the government sector (15) and 

NGOs (3),  for a total of 136 participants. 

The Southwest Regional Energy Innovation Forum

Secretary Moniz delivers his Forum address at The University of New Mexico on July 5,  2016 as part of  the 

Southwest Regional Energy Innovation Forum, hosted by UNM’s Office of the Vice President for Research.
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“[There is] no doubt about the centrality of materials to so 

many of the energy technologies that we still  need to invent 

and deploy.”

- Secretary Moniz

This impressive group of highly experienced policy leaders, researchers, innovators and 

entrepreneurs came together with a clear and common purpose, and the Forum clearly 

demonstrated the potential for a diverse group of constituencies to address important 

energy challenges, including: 

• how advancements in materials technologies can help catalyze the 

development of revolutionary clean energy solutions; 

•  which technologies have near term potential in transforming the sector; 

•  what are the leading barriers to new materials development in each of 

the four areas; 

•  what steps do researchers,  industry,  and governmental officials need to 

take to help foster new technology developments; 

•  how to make clean energy technologies more affordable and whether 

affordability is the main obstacle to commercialization; 

•  what regulatory or other barriers prevent advancement; 

•  what manufacturing issues are limiting or could enable clean energy 

technologies;  and 

• what breakthroughs in manufacturing support getting the best 

materials into the market.

The Southwest Regional Energy Innovation Forum

Enabling Materials for 
Hydrogen Technology & 
Infrastructure

Materials for Improving 
Efficiency & Lowering 
Manufacturing Costs for 
Photovoltaics

Materials Solutions 
for Electrical Energy 
Storage 

Materials for Advanced 
Nuclear Energy Systems
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Why the Southwest Region?

In 2014, the “Four Corners” area of New Mexico, Arizona, 

Colorado and Utah was found to contain some of the 

highest levels of atmospheric methane in the country. The 

persistence of these high methane levels for more than 

a decade indicates the source is l ikely from established 

gas, coal ,  and coal-bed methane mining and processing. 

Because methane is 25 times more potent a greenhouse 

gas than carbon dioxide, the Region has the serious and 

time-sensit ive task of f inding energy alternatives. This 

urgency is compounded because the Southwest Region is 

also extremely vulnerable to prolonged droughts that are 

increasing in frequency with cl imate change. 

While it  is on the front l ines of economic and security concerns related to cl imate change, 

the Southwest is also at the forefront of innovation in the area of materials technologies 

for clean energy. Excellence in materials research for energy applications has long been 

a hallmark of DOE research resources in the Southwest Region, including the National 

Renewable Energy Laboratory (NREL), the Los Alamos National Laboratory (LANL), the 

Sandia National Laboratories (SNL), and the Idaho National Laboratory (INL). 

These national assets have a long history of close collaboration with the Region’s major 

research universit ies including UNM, Arizona State University, the University of Colorado, 

and the University of Utah, each of which have major federal ly funded research centers 

focused on materials research. All  of these research institutions (i .e. ,  academic and 

DOE) have also developed robust technology transfer,  commercial ization and industrial 

partnerships that l ink the requisite fundamental research expertise to R&D and commercial 

infrastructure necessary to dramatical ly accelerate public and private global clean 

energy innovation and quickly move new technologies out of the laboratory and into the 

commercial sphere.

created with mapchart.net ©
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Why Materials? 

Recent growth and vibrancy of research institutions and the industrial  sector in the 

greater Southwest Region, enhanced by increased collaborations with DOE laboratories, 

makes the Region superbly poised to undertake 

the challenges of developing clean energy 

solutions through new innovations in materials 

technologies. There are several reasons why 

the Southwest Forum was designed to focus on 

materials development for clean energy solutions. 

These include the facts that:  1) new materials 

technologies have been shown to be central to 

innovation in many, if  not al l ,  recently developed 

clean energy technologies; 2) the Southwest Region has been a leader in development 

of materials technologies for energy applications; and 3) new materials technologies can 

cut across and have impact on a number of new types of clean energy technologies, and 

thus can harness essential innovations from a large and diverse research and development 

community that wil l  lead to faster integration of revolutionary energy technologies into 

large scale distributed networks. 

Energy materials researchers and innovators in 

the Southwest Region routinely take advantage 

of the natural synergies provided by local DOE 

laboratories, universit ies and industry. A primary 

example is provided at UNM’s Center for Micro-

Engineered Materials,  which brings together 

academic and SNL-affi l iated researchers (some 

with formal joint appointments) and which is co-housed within the UNM/SNL Advanced 

Materials Laboratory. Collectively, this unique resource is noted for its world class 

innovations in nanomaterial synthesis (including electrocatalytic and other materials for 

hydrogen fuel cel l  technology) and integration through 3D printing and advanced additive 

Laser micrographs of NOREM, Stellite and Nitromaxx used 

in coolant pipes for nuclear reactors after exposure to high 

temperature.  (http://eprijournal .com/wp-content/uploads/2015/07/

innovation-2015-micro1.jpg) 

PPC’s core product offering,  the NPC-2000 is a high-

performance,  non PGM, drop in fuel cell  catalyst.  Photo 

courtesy of Pajarito Powder,  LLC
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manufacturing. These innovations have led to 

the formation of important strategic al l iances 

with powerhouses in the energy (e.g. ,  IRD Fuel 

Cells ,  LLC), energy materials (e.g. ,  Ceramatec) 

and transportation (e.g. ,  General Motors, Toyota/

Daihatsu, Nissan/Renault) industries,  as well  as to 

promising, new commercial entit ies (e.g. ,  Pajarito 

Powder, LLC). Similarly,  the NSF-DOE Engineering 

Research Center (ERC) on Quantum Energy and Sustainable Solar Technologies (QESST), 

which is headquartered at Arizona State University 

— which includes the Center for High Technology Materials at UNM and the National 

Center for Photovoltaics at NREL as key partners — engages closely with a wide range of 

companies in the solar energy arena. 

Each of the DOE national laboratories (INL, LANL, NREL, SNL) that participated in the 

Forum have extensive infrastructure and strategic assets devoted to fundamental and 

applied materials research for clean energy innovation. These include the DOE’s Office 

of Science Center for Integrated Nanotechnologies (SNL/LANL), the Los Alamos Neutron 

Science Center,  NREL’s Materials Science Center,  INL’s Materials and Fuels Complex, and 

the Joint Center for Energy Storage Research, which is headquartered at Argonne National 

Laboratory, but also includes research groups at SNL, NREL, University of Colorado and 

University of Utah. To augment these DOE resources in energy materials research, the 

Southwest Region enjoys funding from a 

rich pallet of NSF fundamental (Colorado 

School of Mines/NREL Renewable 

Energy Materials Research Science 

and Engineering Center (MRSEC), Utah 

MRSEC, and University of Colorado Soft 

Materials MRSEC) and applied research 

centers (QESST-ERC, Nanomanufacturing 

Micrograph of microenabled photovoltaics in Dragon 

Scales TM    Photo courtesy of mPower Technology,  Inc

New materials for metal-air batteries.  (http://2.bp.blogspot.com/_aNhaMm_

S9cU/TPRVg5QsgqI/AAAAAAAAAyA/No7rhaDOsYY/s320/MAIL.jpg)
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Systems for Mobile Computing and Mobile Energy Technologies - ERC, and the Smart 

Lighting ERC).

To translate energy materials innovation into the marketplace, the Southwest Region is 

home to a burgeoning clean energy industry that includes many established companies, 

many start-up companies and several prominent incubation init iatives. Fourteen different 

companies from the clean energy industrial  sector attended the conference along with 

several State and local organizations dedicated to fostering economic development 

in the energy sector (see Appendix 1) .  An important example is Innovate ABQ, Inc. ,  a 

public-private partnership launched by the Board of Regents of UNM in late 2014. This 

unique concept wil l  cohouse research and commercial labs with science and technology 

companies and business incubators in a single location in the heart of downtown 

Albuquerque. It  wil l  catalyze cross-poll ination of ideas and technology, thus providing 

new high tech jobs and economic opportunity to Albuquerque and the Southwest Region.  

Given the proven track record of universit ies and national laboratories in this Region to 

generate advanced, commercial ly viable materials technologies for clean energy, energy 

materials wil l  comprise a major portion of the technology commercial ized through Innovate 

ABQ.

“By focusing on fundamental discovery, translation and 

commercialization of revolutionary advances in materials, 

the Southwest Region captures the most competitive and 

impactful ideas from a highly diverse spectrum of academic, 

federal and industrial researchers and innovators.”

- Dr.  Gabriel López
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Forum Organization and Content 

The Energy Innovation Forum was opened with addresses by UNM Vice President for 

Research, Gabriel P. López, UNM President Robert G. Frank, U.S. Senators from New 

Mexico, Tom Udall  and Martin Heinrich, and Secretary of Energy Ernest Moniz. Four 

panels,  each representing one key clean energy technology, were convened as part of 

the one-day Forum. Each panel consisted of representatives from academia, industry 

and the four Regional DOE laboratories. Panelists presented a thirty-

minute discussion regarding breakthroughs and future needs in their 

respective f ields, fol lowed by a question and answer period with 

members of the audience. Summaries of each of the four panels,  with 

conclusions and points of nexus, fol low.

Panel I :  Enabling Materials For Hydrogen Technology 
and Infrastructure

Panel I  consisted of Dr. Bryan Pivovar  (Senior Scientist , 
Leader of Hydrogen and Fuel Cell  Research, National 
Renewable Energy Laboratory; moderator);  Mr. Thomas 
Stephenson  (CEO & Chairman of Pajarito Powder, 
LLC); Dr. Plamen Atanassov  (Distinguished Professor 
of Chemical and Biological Engineering and Chemistry 
& Chemical Biology, Director of the Center for Micro-
Engineered Materials,  University of New Mexico); and Dr. 
Rod Borup  (Program Manager for Fuel Cell  and Vehicle 
Technologies, Team Leader for Fuel Cells ,  Los Alamos 
National Laboratory).
Greenhouse gas emissions result primari ly from the 
combustion of fossi l  fuels to provide energy to a multi-
sector global economy. In order to lower greenhouse 
gas emissions, it  wil l  be necessary to either capture 
the emissions or to uti l ize zero-carbon energy sources. 
Energy needs in the U.S. are too high and too diverse for 
wind and solar alone to meet. In this regard, hydrogen 
has been identif ied as a zero-emission energy carrier 
with high potential for impact in the transportation 
sector and in energy storage applications. 

Therefore, introducing hydrogen as an additional energy 
fuel wil l  aid the U.S. in meeting its environmental and 
national security goals of reducing greenhouse gas 
emissions by 83% by 2050, with a concomitant reduction 
in energy imports.  Hydrogen is an enabler of green 
processes and has the capacity to deeply decarbonize 
the energy system, including industrial  processes and 
transportation, which are responsible for over 50% 

THE GOAL OF THE 

HYDROGEN AT SCALE...  IS 

TO ENABLE INCREASED 

PRODUCTION OF CLEAN AND 

RENEWABLE ENERGY FOR 

TRANSPORTATION AND GRID 

STABILIZATION, WHILE ALSO 

GENERATING MORE VALUE-

ADDED PRODUCTS THAT ARE 

RELATED TO THE INDUSTRIAL 

MIGHT OF THE COUNTRY.
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of carbon dioxide emissions. Hydrogen can also help 
penetration of renewables by taking excess renewable 
capacity and turning it into a different chemical form. 

The current centerpiece of hydrogen technology and 
the primary driver of the hydrogen fuel cel l  industry 
is the passenger car.  The auto manufacturing industry 
recognizes the need for the electrif ication of vehicles, 
but rel iance on a precious metal catalyst,  platinum, as a 
central component of the fuel cel l  is cost prohibitive. In 
order to drive cost down and to commercial ize fuel cel l 
vehicles and other fuel cel l  applications on a large scale, 
better materials solutions that drastical ly reduce the 
platinum content and provide alternatives to precious 
metals are needed.

University of New Mexico pioneered a materials 
technology that enables robust synthesis of Platinum 
Group Metal-free (PGM-free) catalysts for fuel cel ls 
and electrolyzers. The success of this UNM technology 
platform was the demonstration of the f irst PGM-free 
fuel cel l  vehicle by Daihatsu Motor Company (Japan) 
in collaboration with UNM at the Tokyo Motor Shows 
of 2009, 2011 and 2013. The UNM Center for Micro-
Engineered Materials is working closely with automotive 
technology leaders and specialty fuel cel l  developing 
companies across the world to advance state-of-the-
art PGM-free catalysts.  This UNM PGM-free catalysts 
technology was scaled-up and developed for various 
markets by Pajarito Powder, LLC, an Albuquerque 
startup.  Pajarito Powder subsequently l icensed 
technology from LANL, thus becoming a world leader 
in advanced non-platinum catalysts for fuel cel ls . 
Today Pajarito Powder reaches global markets and al l 
automotive manufacturers with interest in fuel cel l 
vehicles, electrical combined heat-and-power production 
and electrolytic hydrogen generation. 

One subset of fuel cel l  technologies is polymer 
electrolyte membrane fuel cel ls which provide the 
attractive application of spanning three to four 
orders of magnitude of power generation capabil ity, 
enough to power a reasonably-sized car,  and operate 
at temperatures that automobile manufacturers are 
accustomed to. New technologies in medium temperature 
membranes (120° to 150° F) wil l  el iminate the need for a 
catalyst to drive oxygen reduction, and thereby greatly 
reduce cost.  Alkal ine membrane fuel cel l  technology 
also al lows for the el imination of a platinum catalyst, 
but the materials necessary for the rest of the fuel cel l , 
especial ly the membrane itself,  are not sufficiently 
developed and require additional materials research 
for further development. All  these technology subsets 
have their representation in companies in the Southwest 
Region and in the research of scientists from Regional 
universit ies and national laboratories.

An important consideration in the broader introduction 
of hydrogen is the further development of the hydrogen 
infrastructure. In terms of hydrogen distribution, natural 

Melanie A.  Kenderdine,  Director of the Office 

of Energy Policy and Systems Analysis and 

Energy Counselor to the Secretary,  engages 

the first panel in a discussion on valuation, 

policy implications and incentives.

“ H y d r o g e n . . .  i s  a n 

e n a b l e r  o f  g r e e n 

p r o c e s s e s ,  w h e t h e r 

i t  i s  i n d u s t r i a l 

p r o c e s s e s  o r  w h e t h e r 

i t  i s  t r a n s p o r t a t i o n . ”

-  D r .  B r y a n  P i v o v a r
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gas pipelines can move hydrogen at concentrations of 
about 10% without requiring substantial improvements 
to the existing infrastructure. But additional product 
development and the need to build hydrogen fueling 
stations, for example, raise questions regarding the 
valuation of system and infrastructure costs that may 
be incurred, and the policy implications and incentives 
necessary to determine what the value might be of more 
broadly introducing new energy resources.

Another factor contributing to valuation of hydrogen 
is the conceptual study of hydrogen generation 
introduction at scale. As technology al lows for an 
increase in renewable energy generation, especial ly 
solar and wind, maintaining grid stabil ity wil l  become 
increasingly important.  One solution is to take the 
excess renewable energy generated on the grid and 
produce value-added products such as hydrogen 
for other uses including biofuels,  metal refining and 
synthesizing ammonia for ferti l izer,  which renders these 
industries low carbon dioxide generating, as well .  The 
goal of the hydrogen at scale, therefore, is to enable 
increased production of clean and renewable energy 
for transportation and grid stabil ization, while also 
generating more value-added products that are related 
to the industrial  might of the country. Figure 1 i l lustrates 
the integration of hydrogen technology in the overal l 
clean energy cycle. 

At the moment, putting renewables on the grid is 
not decarbonizing the whole U.S. infrastructure. It  is 
only decarbonizing the portion that is electrical with 
l itt le impact on the fossi l-fuel driven transportation 
infrastructure. The goal for many countries is to have 
their entire energy sector,  including transportation, 
driven by renewable energy by 2050. For example, 
Germany is demonstrating up to 20% variable on the 
grid, and Denmark is generating 50% of their energy 
production from renewables. In the U.S. ,  as more than 

Figure 1 .  The Clean Energy Cycle:  Hydrogen Technology’s Central Role in 

Clean,  Sustainable Energy.  Courtesy of LANL and NREL
Southwest	Regional	Innovation	Forum	July	5,	2016 8

RE	Grid	plus	battery	storageConceptual	H2 at	Scale	Energy	System*	

*Illustrative	example,	not	comprehensive
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f r o m  1 W  o r  5 W  t o  1 k W 

o r  5 k W. ”

-  D r .  P l a m e n  A t a n a s s o v
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20% of renewable energy is added to the grid, it  is either 
going to have to be stored, used in the transportation 
sector or converted to value-added products, such as 
hydrogen. Hydrogen-fueled turbines could be a solution 
to this,  creating hydrogen during load slumps for later 
use in energy ramps. Electrolyzer technology could be a 
solution that al lows for greater value of hydrogen to be 
captured by storing it during periods of low usage and 
returning it to the grid during peak need. 

Crit ical technology breakthroughs that are necessary 
today are advancements in battery materials to enable 
greater storage of electricity during non-peak periods; 
and in electrolyzer materials.  Crit ical needs in the 
further development of electrolyzer technology to 
bring down costs are similar (and thus synergistic) 
to improvements needed for fuel-cel ls .  But to date, 
investment in technologies to make renewable hydrogen 
as cheap as end-use hydrogen used in fuel cel l  vehicles 
has not been made. There is signif icant overlap and 
areas of commonality in which advanced materials 
can be used, including in fuel cel ls ,  electrolyzers and 
batteries. 

Final ly,  the national trend of hydrogen usage could be 
enhanced by creating long-term demonstration projects 
that build into the future and demonstrate an economic 
path to viabil ity of new technologies. For example, 
hydrogen -fueled cars have made strides in personal 
transportation, and these concepts can now be expanded 
to larger modes of transportation; e.g. ,  the U.S. Postal 
Service could deliver mail  uti l izing a large f leet of 
hydrogen -fueled cars as a model of the technology. 
It  is important for economic growth and job creation 
that the U.S. develop hydrogen -fueled technology to 
scale before other countries do. Currently the U.S. has 
an advantage, as the majority of materials technologies 
have been developed domestical ly,  but other countries 
have shown wil l ingness to invest heavily in fuel cel l 
technology to ameliorate pollution problems, regardless 
of their immediate economic viabil ity.  
 

Panel II :  Materials for Improving Efficiency and 
Lowering Manufacturing Costs for Photovoltaics

Panel I I  consisted of Dr. Kevin Malloy  (Professor 
Emeritus of Physics and Astronomy, Special Assistant 
to the Vice President of Research for Science and 
Engineering, The University of New Mexico; moderator); 
Dr. Nancy Haegal  (Center Director of the Materials 
Science Center,  National Renewable Energy Laboratory); 
Dr. Christiana Honsberg  (Professor, School of 
Computing, Electrical and Energy Engineering and 
Director,  NSF and DOE Quantum Energy and Sustainable 
Solar Technologies Engineering Research Center,  Arizona 
State University);  and Dr. Pete Atherton  (COO of mPower 
Technology, Inc. ,  Former Senior Manager of Industry 
Partnerships, Sandia National Laboratories, Albuquerque, 
New Mexico).

IN TERMS OF HYDROGEN 

DISTRIBUTION, NATURAL 

GAS PIPELINES CAN 

MOVE HYDROGEN AT 

CONCENTRATIONS OF ABOUT 

10% WITHOUT REQUIRING 

SUBSTANTIAL IMPROVEMENTS 

TO THE EXISTING 

INFRASTRUCTURE.
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Of al l  the low carbon, alternative energy sources under 
discussion in this Forum, solar is by far the most mature 
and entrenched. For example, California currently meets 
10% of its energy needs from solar.  Due to numerous 
advances in photovoltaic (PV) and other materials, 
the cost of solar energy is now competit ive with fossi l 
fuels,  at $1/peak watt.  Currently,  the tri l l ion dollar solar 
industry employs about 300,000 workers, making it a 
larger employer than the fossi l  fuel industry. All  told, 
solar capacity should reach 1TW within the next 5 years.   
While photovoltaics and solar energy are relatively 
mature technologies, the materials comprising PV cells 
and enabling their integration into solar panels can be 
greatly improved. The maximum efficiency for a single 
junction si l icon-based solar cel l  is 27.6%, far below the 
34% efficiency l imit imposed by thermodynamics for an 
ideal cel l .  Those currently on the market have a practical 
eff iciency of about 20%. The National Renewable Energy 
Laboratory, based in Golden, CO, tracks the eff iciency 
of emerging photovoltaic materials.  Strongly correlated 
to eff iciency, the maximum power output (open circuit 
voltage; VO) is determined by the semiconductor band 
gap of the material .  Si l icon solar cel ls for example, 
have VO = 0.76, whereas Gall ium Arsenide (GaAs) and 
Cadmium Telluride (CdTe) can reach about 1V, with 
eff iciencies of 28.8 and 22.1%, respectively. Perovskite 
solar cel ls are rival ing these, with VO = 0.83 and an 
eff iciency of 22.1%. Quantum dot PV cells offer tunable 
band gaps, enabling a VO = 1 ;  and while these cells have 
a theoretical eff iciency l imit of 62.2%, only 7% efficiency 
has been obtained. 

While single-junction PV cells dominate the market,  the 
exploration of multi junction PV cells promises leaps in 
both eff iciency and VO. The theoretical eff iciency of 
multi junction cells approaches 90% (assuming an infinite 
number of layers);  experimental systems developed at 
NREL have reached about half of that value (44%) for a 
4-junction cell .  The increased efficiency is due, in part, 
to the presence of multiple materials with different 
band gaps within the material ,  capturing more of the 
solar spectrum. These cells have power outputs similar 
to GaAs and CdTe; for I I I-V multi junction cells ,  the VO is 
about 1V.  

In addition to optimizing efficiency and power output, 
integration of PV cells into solar arrays presents 
unique challenges imposed by geometry, f lexibi l ity and 
durabil ity.  For example, in current instal lations, cel l 
and module breakage account for up to 10% of the cost 
of instal lation. Sandia National Laboratories has been 
a pioneer in developing high voltage, ultra-resi l ient, 
f lexible solar cel l  arrays composed of interconnecting 
si l icon PV dots. 

“ I n  P h o t o v o l t a i c s ,  w e 

d o  h a v e  a n  e n t r e n c h e d 

m a t e r i a l s  s c i e n c e 

t h a t  h a s  r e s u l t e d 

i n  a l l  t h o s e  j o b s  t o 

w h i c h  t h e  S e c r e t a r y 

r e f e r r e d . ”

-  D r .  K e v i n  M a l l o y

Dr Abraham Ellis of  Sandia National 

Labs discussing materials challenges to 

integrating photovoltaic/power conversion/ 

power electronics into one package. 
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These Dragon Scales™ (Figure 2) wil l  revolutionize 
solar power through higher eff iciency, durabil ity 
and flexibi l ity,  al lowing them to extend solar power 
to convoluted surfaces. They have recently been 
commercial ized by an Albuquerque start-up, mPower 
Technology, Inc. 

Multiple synergies exist between PV and other types of 
clean energy. The most obvious of these is integration 
between solar electricity and solar thermal applications. 
These share a need for improved optical properties of 
PV cells .  In addition, the high temperature tolerance 
of GaAs PV cells makes them ideal for integration of 
both technologies. Integrated circuit (IC) technology 
is also another point of synergy, because both ICs and 
PVs are currently dominated by si l icon semiconductor 
technology. It  is anticipated that such a synergy wil l 
provide increased uti l ity in a number of areas, from 
consumer electronics to satel l ites.  In addition, such 
integration may provide l ightweight alternatives to 
current wiring technologies. Final ly,  such a synergy 
would enable co-manufacture of ICs and PV with minimal 
retooling of existing fabrication faci l it ies,  which would 
provide a new paradigm in solar power of consumer 
electronics. Another possible synergy is that between PV 
and semiconductor l ight emitting diodes. 

It  is clear that solar energy cannot be a standalone 
technology. Differences in l ight intensity throughout 
the day, although coinciding general ly with peak usage, 
makes direct use of solar technology untenable for 24-
hour output of electricity.  With careful planning and 
coordination, however, solar energy can be integrated 
with battery or other storage technologies (see Panel 
I I I) ,  or hydrogen technology (Panel I) ,  to preserve energy 
produced at peak solar f lux. Such systems are being 
real ized in Indonesia with the incorporation of zinc-air 
batteries into pain-points within the solar grid, al lowing 
for up to 24 hours of storage and distribution of energy 
to areas with less solar f lux.  

INTEGRATION OF PV 

CELLS INTO SOLAR 

ARRAYS PRESENTS UNIQUE 

CHALLENGES IMPOSED BY 

GEOMETRY, FLEXIBILITY AND 

DURABILITY.

Figure 2.  Dragon Scales™ Offer Flexibility and Durability. 

Photo courtesy of mPower Technology,  Inc
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i n  s o l a r  e n e r g y  t h a n  i n 

c o a l  o r  o i l . ”

-  D r .  C h r i s t i a n a  H o n s b e r g
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Panel III :  Materials Solutions for Electrical Energy 
Storage

This panel consisted of Dr. Babu Chalamala  (Manager of 
the Energy Storage Technology & Systems Department, 
Sandia National Laboratories; moderator) Dr. Kevin 
Zavadil  (Distinguished Member of Technical Staff,  Sandia 
National Laboratories);  Dr. Shelley Minteer  (The Utah 
Science Technology and Research init iative Professor, 
Analytical ,  Biological & Materials Chemistry, University 
of Utah); and Dr. Cody Friesen  (Fulton Engineering 
Professor of Innovation, Arizona State University, 
Founder and CEO, Zero Mass Water,  Phoenix, Arizona). 

Despite substantial progress in the last 10-20 years, 
large scale battery storage lags behind the rapid 
technological and cost improvements driving the 
deployment of solar and wind energy technologies. High 
current cost (> $100/kWh) coupled with low energy 
density and short cycle l i fe l imit the impact of batteries 
to accommodate the projected 1 TW renewable power 
to be integrated into the national base load. Innovations 
in materials used for electrodes and electrolytes are 
needed to create better batteries.  Materials innovations 
have clearly played out over the last 25 years with 
l ithium ion batteries (LIB) driving specif ic energy to 
250 Wh/kg at a cost below $200/kWh. LIB technology 
is a good model to fol low for innovation, but is rapidly 
approaching its l imit in stored energy content, requiring 
the community to develop new concepts and materials 
for battery storage. Successful storage to meet the 
goals of an emerging renewable, low-carbon economy 
must extend cycle and calendar l i fe,  increase power 
performance (charging times), reduce cost ($100/kWh) 
and improve rel iabil ity and safety. 

Materials innovations are being made by exploring 
alternate battery chemistries and concepts. The 
Southwest Region is a participant in the DOE 
sponsored Joint Center for Energy Storage Research 
(JCESR), a private-public partnership funded to 
develop and demonstrate technologies beyond LIB for 

ONE CLEAR PATH FORWARD 

IS THE DEVELOPMENT OF 

NON-AQUEOUS REDOX 

FLOW BATTERIES USING 

REDOX ACTIVE ORGANIC 

COMPOUNDS THAT CAN BE 

PRODUCED AT SCALE AT LOW 

COST TO REPLACE THE MORE 

TRADITIONAL METAL CATION 

CHEMISTRIES. INNOVATION IN 

ORGANIC COMPOUND DESIGN 

TO ENHANCE CAPACITY AND 

EXTEND LIFETIME OF THE 

REDOX ACTIVE MOIETIES IS A 

KEY THEME.

Figure 3.  Renewable Energy Placed on the Grid Using Scaled Non-aqueous Redox Flow Batteries Could Re-

charge the US Fleet of  Electric Vehicles Powered by Li-S Batteries.  Courtesy of Dr.  Kevin Zavadil

Panel	3	Figure.	Renewable	energy	placed	on	the	grid	using	scaled	non-aqueous	redox	flow	batteries	
could	recharge	the	US	fleet	of	electric	vehicles	powered	by	Li-S	batteries.
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both transportation and grid applications. Alternate 
chemistries for vehicle electrif ication include exploit ing 
the electrochemical conversion reaction of elemental 
sulfur to a metal sulf ide to form a Li-S battery. This is 
essential ly a 16 electron process with a l ightweight, 
low cost cathode material .  Conversion redox chemistry 
benefits from much higher energy content because 
energy is stored in chemical bonds relative to the 
valence state change and electrostatics of ion based 
couples. Multivalent metal working ions such as 
magnesium are also explored as replacements to the 
l ithium ion for insertion cathodes due to a doubling of 
charge, and consequently capacity. These chemistries 
implemented through the use of new, innovative 
materials promise to yield pack-level specif ic energies 
of 400 Wh/kg at $100/kWh. Materials innovation in 
grid storage is pursued by exploit ing redox active 
molecules, ol igomers and colloids in non-aqueous redox 
flow batteries to overcome the l ifetime and cost l imits 
imposed by state-of-the-art metal ion (e.g. ,  vanadium) 
flow batteries.

Transportation storage solutions also require materials 
innovation. As an example, the energy density of the 
state-of-the-art Li-S system is currently l imited by 
the need for excess Li metal ,  excess electrolyte and 
lost sulfur capacity from the cathode. New electrolyte 
and cathode designs are required to direct the redox 
pathway to reversibly interconvert the ful l  capacity of 
sulfur to/from sulf ide. Additionally,  materials are needed 
to coat and protect the Li metal anode and el iminate 
parasit ic loss of both l ithium and electrolyte. Materials 
innovation is also required for creating viable magnesium 
(Mg) batteries.  The current l imitations are the lack of 
a suitable voltage insertion cathode and an electrolyte 
stable at both the anode and cathode potentials. 
Computational results indicate that the high charge 
density Mg(II) cation should have reasonable mobil ity 
in select higher voltage oxide cathodes, and effort is 
underway to synthesize and experimentally val idate 
these predictions. New electrolytes are also under 
development and guided by computational insights 
that do not exhibit either salt or solvent breakdown at 
the cell  voltage l imits.  Success in f ielding the Li metal 
anode wil l  accelerate the transit ion from today’s vehicles 
powered by Li ion batteries to tomorrow’s Li metal 
batteries.

Viable grid storage solutions also require new materials 
and concept innovations to produce storage that can be 
readily scaled in energy and power content, that lowers 
cost and that increases cycle l i fe (> 10,000 cycles). 
One clear path forward is the development of non-
aqueous redox flow batteries using redox active organic 
compounds that can be produced at scale at low cost to 
replace the more traditional metal cation chemistries. 
Innovation in organic compound design to enhance 
capacity and extend l ifetime of the redox active moieties 
is a key theme. New concepts of redox active polymers 
and colloids appear as promising low cost replacements 

Dr.  Gabriel  López discusses the prospects for 

computational models for integrating materials 

research between  academia,  the national labs 

and industry.
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to simple organic compounds. Studies show that 
quantitative structure-activity relationship (QSAR) 
modeling is an effective tool for evaluating the l ifetime 
of an active compound and therefore cycle l i fe of a given 
f low chemistry. Lifetime and cost l imits are also imposed 
by the ion conductive membrane used to separate the 
anode and cathode flow compartments in a f low cell . 
New strategies are being pursued using polymers of 
intrinsic microporosity to create highly transmissive ion 
conductors that prevent redox active molecule transport 
between the electrode compartments.

A good example of integrating battery storage within the 
context of low carbon technologies is the development 
of metal-air batteries by Fluidic Energy™, located 
in Scottsdale, Arizona. This company uses zinc-air 
batteries,  large scale versions of those found in hearing 
aids, to supplement pain points in distributed electric 
grids that are normally covered by diesel engines. In 
Indonesia, for example, the microgrid covering the 
archipelago is fueled by solar energy. Due to varying 
cloud cover on different islands, and the diurnal pattern 
of solar irradiation, supplementary power used to be 
provided by diesel engines, which are both expensive 
and carbon dioxide-producing. The Fluidic Energy ™ 
batteries replace these fossi l  fuel engines. They are 
charged during the day, and discharge at night or during 
cloudy weather. Over 250 MWh are currently being 
supplied in this form to remote vi l lages in Indonesia, 
and are capable of providing up to 24 hours of energy 
storage. 

The panel highlighted a number of additional ,  specif ic 
needs common among the emergent battery storage 
technologies discussed. An understanding of materials 
degradation during battery operation and its impact 
on performance and l ifetime is needed. The capabil ity 
to analyze systems beyond electrochemical parameters 
is also needed to better understand how the storage 
system evolves. Such an advance may also inform fuel 
cel ls and photovoltaic technologies. Lastly,  “green” 
disposal methods and recycling of battery materials was 
also identif ied as a crit ical need for large scale storage.

Panel IV: Materials for Advanced Nuclear Energy 
Solutions

Participants in this panel were Dr. Chris Stanek  (Nuclear 
Energy Advanced Modeling and Simulation (NEAMS) 
National Technical Director,  Los Alamos National 
Laboratory; moderator) Dr. John Wagner  (Chief Scientist 
for Materials and Fuels Complex (MFC) at Idaho National 
Laboratory),  Dr. Tiangan Lian (Program Manager, 
Electric Power Research Institute),  and Dr. Edward 
Blandford (Assistant Professor, Nuclear Engineering, 
University of New Mexico). 
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Ninety-nine nuclear reactors operate within the United 
States, providing about 20% of the total power needs 
of the country and more than 60% of its zero-carbon 
baseline electricity.  Thus, nuclear energy represents a 
key component in the quest for carbon-neutral energy 
production. Whether or not this wil l  remain the case in 
the future is in serious doubt: the nuclear f leet is aging, 
with many power plants being 40 or more years old and 
needing operating l ifetime extensions or replacement 
by 2030. In addition, competit ion from decreased prices 
of natural gas is forcing economically-driven shut down 
of up to 20 plants in the near future. It  is predicted that 
the future of nuclear energy as an eff icient,  low-emission 
source of electricity wil l  be in crisis within the next 
decade. Given that the time frame for val idating new 
materials and reactor designs can take on the scale of 
decades, the rapid development of new materials,  fuels 
and infrastructure design is paramount. 

Many of the key issues facing near-term nuclear energy 
R&D are driven by materials performance .  Materials 
issues are readily encountered during efforts to optimize 
fuel in operating commercial reactors, accelerate the 
commercial deployment of small  modular reactors or 
advanced reactors, and develop demonstrations/tests 
for special purpose reactors. Other crit ical materials 
challenges include the development of cladding and 
structural materials that can withstand the harsh 
environments (excess of 200 dpa) of next generation 
f ission (and fusion) reactors, and the disposition 
of civi l ian nuclear waste. All  of these issues would 
benefit from improved predictive models of materials 
performance. 

Figure 4.  10 micro-meter sample of irradiated uranium oxide fuel being 

lifted out in a focused ion beam for microstructural characterization. 

Courtesy of Dr.  John Wagner

“ T h e  b i g g e s t 

c h a l l e n g e  w e  f a c e 
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h o w  [ n u c l e a r ] 

m a t e r i a l s  b e h a v e . ”

- D r .  T i a n g a n  L i a n
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A recurring technical theme related to many of these 
issues is the fundamental diff iculty related to assessment 
of evolving materials behavior in conditions that make 
direct observation diff icult ,  i f  not impossible. Myriad 
complex phenomena in irradiated materials,  from 
damage accumulation in metals to chemical evolution in 
complex materials,  are sti l l  beyond the reach of a true 
predictive capabil ity.  The abil ity to predict these effects 
begins with fundamental studies of the interaction of 
radiation with matter.  This wil l  lead to improved models 
that wil l  provide better fundamental understanding, 
serve as the foundation for the design of new materials 
with enhanced performance and perhaps shift the 
l ife-cycle/l icensing for nuclear systems, structures 
and components to al low for shorter t ime scales for 
component replacement.

As noted, fuel stabil ity and composition represent a 
major materials challenge. The radiative process may 
itself change the materials property of the fuel ,  and 
the high temperatures inherent in the nuclear process 
may cause an accident. Recent advances in this area 
include embedding uranium dioxide into si l icon carbide 
and/or zircon matrices to al low fuels to resist the 
effects of high temperatures within the reactors, thus 
rendering them accident safe. Additive manufacturing 
has amazing, yet unproven, potential for nuclear fuels 
and materials,  e.g. ,  the potential to expand design 
space by fabricating components with characteristics 
that are not currently possible, improve quality and 
predictabil ity of nuclear-grade components, and reduce 
cost.  For example, for nuclear fuel it  may be possible to 
optimize fuel performance through varying enrichment, 
burnable neutron absorbers, and/or thermal,  conducting 
material within the fuel pellet in ways that are not 
currently possible. Because uranium dioxide pellets are 
traditionally homogeneous, this could provide a dramatic 
improvement in fuel performance. Final ly,  nano-
engineered materials that provide better mechanical 
properties remain largely unproven for nuclear,  but the 
l imited work that has been performed on them has been 
extremely promising and is worth pursuing. 

Helping to meet these and other challenges, the DOE 
has a variety of experimental faci l it ies across several 
national laboratories. One example includes the Materials 
and Fuels Complex (MFC) at Idaho National Laboratory, 
which has as its mission developing advanced fuels and 
materials,  including nuclear waste. Several components 
comprise the MFC, including faci l it ies for characterizing 
irradiated materials,  examining hot fuels,  and those for 
experimental fuels and integration in reactor design. 
LANL and SNL also have key experimental faci l it ies 
that are capable of investigating advanced materials, 
including the Los Alamos Neutron Science Center 
(LANSE) at LANL and the Ion Beam Laboratory (IBL) at 
SNL.

W H I L E  T H E  M AT E R I A L S 

Q U E S T I O N S  A S S O C I AT E D  W I T H 

G E N E R AT I N G  E L E C T R I C I T Y 

U S I N G  N U C L E A R  F I S S I O N  A R E 

U N I Q U E ,  I N T E G R AT I N G  T H E M 

I N T O  A  D I S T R I B U T E D  E N E R G Y 

I N F R A S T R U C T U R E  W I L L  R E LY 

O N  S U C C E S S F U L  I N T E G R AT I O N 

W I T H  O T H E R  L O W - C A R B O N 

S T R AT E G I E S .
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Regarding the abil ity of reactor components to 
withstand the corrosion due to the use of water as 
both a coolant and a neutron moderator in l ight water 
reactors, some of these issues have been addressed by 
reference to development of aerospace materials.  For 
example, Alloy 600, whose fai lure had been cited in over 
70 reactors, has been replaced with the higher chromium 
containing Alloy 690 in steam generator tubes, reactor 
upper and lower head penetrations, increasing the 
rel iabil ity of these parts.   Also, Alloy 52/152 (weld 
materials for Alloy 690) is being proposed to replace 
Alloy 82/152 (associated weld materials for Alloy 600) 
for welding dissimilar metals in the primary system 
piping. Alternative coolants, such as molten sodium or 
salts,  gases (such as helium and carbon dioxide) and 
hydrocarbons have been explored, with l imited success, 
indicating the need for further development in this area.

Leading the way in reactor component design is the 
Electric Power Research Institute (EPRI),  a nonprofit 
organization funded by energy uti l it ies.  EPRI serves 
as a conduit to transfer knowledge from research to 
application – or,  in other words, to convert technology 
from a scientif ic base to an engineering base. The 
goal of EPRI is to work with members and partners 
to provide society with safe, rel iable, affordable and 
environmentally responsible energy. Materials research 
is an important part of EPRI’s research portfol io. 
For example, a major component of its research is in 
materials degradation, with a goal of understanding 
materials aging mechanisms in nuclear reactors and 
developing technologies to mitigate and monitor 
degradation. Such efforts include understanding 
corrosion processes resulting from stress corrosion 
and irradiation-induced corrosion, the unique issues 
facing steam generation (i .e.  water chemistry, inspection 
l imitations, material performance issues and the 
presence of foreign objects) and materials for welding 
and repair. 

In 2013, the DOE introduced the Nuclear Energy 
University Program (NEUP) and Nuclear Science User 
Facil it ies (NSUF), administered through Idaho National 
Laboratory, of which EPRI is a partner.  This program 
has produced a large number of university-led research 
programs in partnership with national labs and industry 
developing advanced materials modeling and simulation 
in addition to crit ical experimental nuclear materials 
investigations. One example of such a program includes 
developing alternate means for irradiating materials 
to high doses using non-traditional methods such as 
ion beam sources. The faci l ity sponsored under this 
NEUP funding wil l  col lect materials from around the 
world, as well  as archival samples, to experimentally 
val idate physics-based models of the effects of extreme 
radiation. It  should be able to test such parameters 
as path-dependence of materials within a nuclear 
reactor,  information that is not currently available. 
Facil it ies of this sort wil l  enable designing experiments 
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purpose-built for val idation data from the start. 
Overal l ,  the panel emphasized the need for integration 
and coordination of experimental and computational 
modeling efforts throughout the materials development 
and demonstration process to enable materials 
breakthroughs through advanced understanding, enable 
the abil ity to develop and demonstrate predictive 
computational modeling capabil it ies,  and reduce nuclear 
materials RD&D timelines and costs.  

LANL, Sandia and INL, therefore, have long experience 
with actinide-bearing materials,  study of radiation 
effects in both fuel and structural materials,  advanced 
modeling and simulation science, and challenging 
measurements of evolving materials properties in 
harsh environments. To address outstanding materials 
issues requires proactive integration of materials 
synthesis,  advanced characterization, and multiscale 
mod-sim. Within each of these are specif ic capabil ity 
improvements. However, being strategic requires the 
integration of these three activit ies,  where the ult imate 
products are a val idated engineering scale performance/
safety model and design principles for the next 
generation of nuclear energy materials.

While the materials questions associated with generating 
electricity using nuclear f ission are unique, integrating 
them into a distributed energy infrastructure wil l  rely on 
successful integration with other low-carbon strategies. 
There are current efforts through NEUP support looking 
at plants capable of providing both baseload and peak 
power for integration into such a grid. Such integration 
wil l  complicate the power history of the materials 
in the reactor,  something that is very important to 
understand. The need for storage of power generated, 
either in a battery or by using the energy of hydrogen 
for use in other modalit ies,  wil l  require far more complex 
predictive models for operations of faci l it ies in addition 
to the materials.

Bill  Corwin from the U.S.  Department of Energy 

discusses using non-traditional experimental 

methods to validate models for advanced 

nuclear materials.
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The Southwest Regional Energy Forum brought together experts from academia, 

the national laboratories and industry to share ideas regarding the state of energy 

materials as related to meeting the challenges articulated in Mission Innovation. A 

common interest in materials for energy applications brought the group together,  but in 

the process, a number of synergies became apparent. 

The Synergy of Urgency and Opportunity.  The Southwest Region is being drastical ly 

affected by cl imate change and is also the site of the largest atmospheric methane 

hotspots in the nation. Thus, the development of clean, low carbon, renewable energy is 

essential to the future well-being of this unique environment. At the same time, the region 

is host to a robust,  cooperative intel lectual and technological hub for the development 

of unique materials to address these issues. Existing collaborations between regional 

academic institutions, four DOE national laboratories and innovative energy companies 

makes the Southwest Region a natural leader in the pursuit of solutions to regional , 

national and global problems related to carbon dioxide emissions. 

The Synergy of Diverse Materials Research, Development Approaches and Solutions. 

It  is clear from the panelists that understanding and developing materials cuts across 

al l  energy applications. Within these programs, common materials needs can be easi ly 

identif ied. Materials research in f low cells wil l  inform energy storage and electrolysis; 

the semiconductor technology for creating and integrating photovoltaics may apply to 

storage and fuel cel ls;  integrating nuclear energy with solar into distributed networks 

wil l  create new materials challenges in reactors. A common theme throughout the panels 

was the need for computational power to model materials properties that wil l  meet both 

the individual needs of each technology, as well  as the combined needs of integrated 

systems. The strength of materials research in the Southwest Region and the established 

interrelationships between academic and national laboratories are already in place. 

A Comprehensive Approach To Materials 

For Scalable,  Low Carbon, Alternative Energy 
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Partners in the Southwest Region wil l  tackle the need for clean energy by leveraging 

and strengthening existing ties,  as well  as serving as a nexus for development of future 

collaborations and dissemination of new ideas and technologies to the region, the country 

and the world. 

The Synergy of Innovation and Industry. The Southwest Region has an established 

track record of turning ideas into marketable products, several of which, including 

hydrogen fuel cel ls ,  photovoltaic cel ls and low cost batteries,  were discussed during 

the panel discussions. UNM and SNL, in particular,  have a long record of collaboration 

in commercial ization and have the infrastructure and programmatic supports in place to 

foster further innovation. UNM is a leading partner in Innovate ABQ, which, along with 

local government, is seeking to invigorate the local economy through technology transfer, 

particularly within the energy sector.  Such ventures across the region form the nexus of 

collaboration between DOE national laboratories, academia and industry. 

In summary, the Southwest Regional Energy Innovation Forum on Materials 

Technology for Clean Energy was an excellent venue for bringing key regional 

partners together to discuss new opportunities for collaboration and mechanisms 

for revolutionary advances toward clean energy. The Forum also reaffirmed 

the commitment of partnering institutions to collaborate closely on materials 

innovations that support clean energy solutions. Strategies for how the region can 

contribute to breakthrough innovations in materials technologies that will  lead to 

an abundance of clean energy are being developed in the wake of the Forum and 

will  continue to take shape as the partnership develops.  
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Appendix 1:  Participating Organizations and Institutions by Sector

A C A D E M I C  I N S T I T U T I O N S

Arizona State University

Colorado State University

New Mexico Institute of Mining and Technology

New Mexico State University

Northern Arizona University

Prairie View A&M University

University of Arizona

University of Colorado - Boulder

The University of New Mexico

University of Northern Colorado

University of Texas at El Paso

University of Utah

Utah State University

I N D U S T R Y 

Affordable Solar

Electric Power Research Institute (EPRI)

Energy Related Devices, Inc.

EverGuard Solar

mPower Technology, Inc.

Osecola Energy

Pajarito Powder, LLC

Public Service Company of New Mexico

Shimizu Corporation

STC.UNM

Suncore Photovoltaics, Inc.

Van Scoyoc Associates

Zero Mass Water

Zia Suns Green Construction Co. LLC

N A T I O N A L  L A B O R A T O R I E S

Idaho National Laboratory (INL)

Los Alamos National Laboratory (LANL)

National Renewable Energy Laboratory (NREL)

Sandia National Laboratories (SNL)

G O V E R N M E N T 

New Mexico Public Regulation Commission

New Mexico State Representative Idalia Lechuga

Office of U.S. Congressman Ben R. Lujan

Office of U.S. Congressman Steve Pearce

Office of U.S. Representative Michelle Lujan Grisham

Office of U.S. Senator Martin Heinrich

Office of U.S. Senator Tom Udall

U.S. Department of Energy

N O N  G O V E R N M E N T A L  O R G A N I Z A T I O N S

Los Alamos Study Group

North American Electric Reliability Corporation (NERC)

Prizm Foundation



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 23-30

Southwest Regional
Energy Innovation Forum
MATERIALS TECHNOLOGY FOR CLEAN ENERGY
J u l y  5 ,  2 0 1 6  |  T h e  U n i v e r s i t y  o f  N e w  M e x i c o  |  A l b u q u e r q u e ,  N e w  M e x i c o

10:30 AM - 6:00 PM

Student Union Building Ballroom BC

T H E  U N I V E R S I T Y  O F  N E W  M E X I C O

O F F I C E  O F  T H E  V P  F O R  R E S E A R C H

Appendix 2: Program
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Thank you for joining us in the Southwest Regional 

Energy Forum! We hope to use this time to connect & 

discuss clean energy solutions relevant to our region 

& help inform the Department of Energy as they steer 

their policy direction in the coming years.

SCHEDULE

BALLROOM LOBBY

 10:30 AM Registration & Refreshments
BALLROOM C

 11:30 AM Master of Ceremonies Introductory Remarks by Gabriel 
P. López, Vice President for Research, The University of 
New Mexico & 2016 STC.UNM Innovation Fellow 

Welcome & Opening Remarks by Robert G. Frank, 
President, The University of New Mexico 

Congressional Remarks by the Honorable Tom Udall, US 
Senate & the Honorable Martin Heinrich, US Senate 
 
Forum Address by the Honorable Ernest Moniz, Secretary, 
US Department of Energy

BALLROOM B

 12:30 PM Buffet Lunch Line
BALLROOM C

 12:40 PM Luncheon Discussion with PaneI I - Enabling Materials for 
   Hydrogen Technology & Infrastructure moderated by 
   Bryan Pivovar, Program Manager, National Renewable 
   Energy Laboratory

Panelists include: Rod Borup, Program Manager for 
Fuel Cells, Los Alamos National Laboratory | Plamen 
Atanassov, Distinguished Professor & Director, Center for 
Mirco-Engineered Materials, The University of New Mexico 
| Tom Stephenson, Chairman & CEO, Parajito Powder, LLC, 
Albuquerque, New Mexico



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 23-32

BALLROOM C

 1:41 PM  Panel II - Materials for Improving Efficiency & Lowering 
Manufacturing Costs for Photovoltaics moderated by 
Kevin Malloy, Professor Emeritus of Physics & Astronomy, 
Special Assistant to the VPR for Science & Engineering, 
The University of New Mexico

Panelists include: Nancy Haegel, Center Director of the 
Materials Science Center, National Renewable Energy 
Laboratory | Christiana Honsberg, Director, Quantum 
Energy & Sustainable Solar Technologies Engineering 
Research Center, Arizona State University | Pete Atherton, 
COO of mPower Technology, Former Senior Manager 
of Industry Partnerships, Sandia National Laboratories, 
Albuquerque, New Mexico

 2:42 PM Break

 2:52 PM  PaneI III - Materials Solutions for Electrical Energy Storage 
moderated by Babu Chalamala, Manager of the Energy 
Storage Technology & Systems Department, Sandia 
National Laboratories

Panelists include: Kevin Zavadil, Distinguished Member 
of Technical Staff, Sandia National Laboratories | Shelley 
Minteer, USTAR Professor, University of Utah | Cody 
Friesen, CEO, Zero Mass Water, Phoeniz, Arizona

 3:53 PM  PaneI IV - Materials for Advanced Nuclear Energy Systems 
moderated by Chris Stanek, NEAMS National Technical 
Director, Los Alamos National Laboratory

Panelists include: John Wagner, Chief Scientist, Idaho 
National Laboratory | Edward Blanford, Assistant 
Professor, Nuclear Engineering, The University of New 
Mexico | Tiangan Lian, Program Manager, Electric Power 
Research Institute, Palo Alto, California

 4:54 PM Closing Remarks by Gabriel P. López, Vice President for 
   Research, The University of New Mexico & 2016 STC.UNM 

Innovation Fellow 
BALLROOM B

 5:10 PM  Networking Reception
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Please visit the UNM Research Events website at 

http://researchevents.unm.edu to provide your 

feedback & comments in the “Interactive Discussion” 

section so that we can keep this conversation going!

T H E  U N I V E R S I T Y  O F  N E W  M E X I C O

O F F I C E  O F  T H E  V P  F O R  R E S E A R C H
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1	  

The	  Southeast	  Regional	  Energy	  Innovation	  Workshop	  Report	  

WORKSHOP	  INTRODUCTION	  
The	   University	   of	   Tennessee,	   Knoxville	   (UT),	   and	   Oak	   Ridge	   National	   Laboratory	   (ORNL)	   hosted	   the	  
Southeast	  Regional	  Energy	  Innovation	  Workshop	  on	  Monday,	  May	  23,	  in	  Chattanooga,	  Tennessee,	  at	  the	  
Chattanoogan	  Hotel.	   The	  workshop	   focused	  on	   the	   future	  of	   energy	   innovation.	   Participants	  explored	  
ways	   universities,	   industry,	   community	   stakeholders,	   and	   the	   Department	   of	   Energy’s	   (DOE)	   national	  
labs	   can	   leverage	   emerging	   clean	   energy	   technologies	   to	   stimulate	   regional	   economic	   development.	  
Representatives	  from	  DOE,	  ORNL,	  and	  regional	   industries	  as	  well	  as	  nine	  universities	  from	  six	  states	   in	  
the	  southeast	  participated	  in	  panel	  discussions	  aimed	  at	  advancing	  clean	  energy	  innovation	  and	  regional	  
collaborations.	  This	  event	  was	  an	  opportunity	  for	  participants	  to	  share	  their	  views	  on	  the	  future	  of	  clean	  
energy	  adoption	  in	  the	  southeast.	  The	  purpose	  of	  this	  report	   is	  to	   inform	  DOE’s	  future	  planning	  about	  
clean	   energy	   technology	   innovation	   in	   the	   Southeast	   Region.	   It	   is	   structured	   around	   each	   session,	   by	  
framing	  question.	  Audience	  questions	  are	  classed	  by	  framing	  questions	  as	  well.	  	  

WORKSHOP	  SUMMARY	  	  
Dr.	  Thomas	  Mason	  (Director	  of	  ORNL)	  started	  the	  Southeast	  Regional	  Energy	  Innovation	  Workshop	  with	  
an	   announcement	   that	   ORNL	   would	   be	   opening	   an	   office	   in	   Chattanooga.	   Chattanooga	   Mayor	  Andy	  
Berke	   later	   emphasized	   this	   as	   a	   great	   partnership	   and	   opportunity	   for	   increased	   innovation	   in	   the	  
region.	  Dr.	  Elizabeth	  Sherwood-‐Randall	  (Deputy	  Secretary	  of	  U.S.	  DOE)	  then	  introduced	  the	  concept	  of	  
Regional	  Energy	  Innovation	  Hubs:	  areas	  around	  the	  U.S.	  paving	  the	  way	  for	  energy	  innovation.	  Dr.	  Joe	  
DiPietro	   (President	   of	   the	   University	   of	   Tennessee	   System)	   welcomed	   everyone	   to	   Chattanooga	   and	  
talked	  about	  the	  great	  synergies	  that	  come	  from	  collaborating	  with	  ORNL.	  Finally,	  Congressman	  Chuck	  
Fleischman	   (3rd	   District	   of	   Tennessee)	   highlighted	   how	   area	   resources;	   specifically	   ORNL	   capabilities	  
(such	  as	  supercomputing,	  carbon	  fiber	  generation,	  and	  3D	  printing)	  can	  be	  utilized	  to	  meet	  the	  goals	  of	  a	  
Southeast	   DOE	   Regional	   Energy	   Innovation	   Hub.	   Some	   key	   themes	   emerged	   from	   each	   section,	  
summarized	  below:	  	  

1. Energy	  and	  industry	  are	  already	  collaborating	  in	  a	  variety	  of	  ways,	  often	  hosted	  by	  the	  Electric
Power	   Research	   Institute	   (EPRI).	   Additional	   DOE	   efforts	   to	   support	   southeast	   energy	   and
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industry	   collaboration	   should	   start	   small,	   build	   on	   existing	   infrastructure,	   and	   be	   allowed	   to	  
grow	  and	  change	  as	  innovations	  develop.	  (Roundtable	  1:	  Energy	  Innovation	  Industry)	  	  

2. Southeastern	   universities	   are	   increasingly	   embracing	   interdisciplinary	   programs	   that	   span
departments	  and	  integrate	  students	  into	  national	  labs	  and	  industry.	  Programs	  like	  these	  enable
students	   to	   be	   influenced	   by	   real-‐world	   situations	   during	   their	   studies,	   so	   they	   have	   a
competitive	   advantage	   when	   they	   graduate,	   and	   ideally	   are	   already	   making	   significant
contributions	  to	  the	  advancement	  of	  clean	  energy.	  (Roundtable	  2:	  Energy	  Innovation	  University)

3. Graduate	  students	  at	  these	  universities	  are	  already	  engaging	  in	  a	  wide	  range	  of	  energy-‐related
research	   through	   interdisciplinary	   programs,	   and	   some	   are	   launching	   businesses	   during	   their
graduate	   studies.	   Working	   in	   national	   lab	   environments	   fosters	   experience	   in	   policy	   and
entrepreneurship.	  (Panel	  1:	  Entrepreneurship	  &	  Graduate	  Education	  to	  Drive	  Innovation)

4. Conventional	  manufacturing	  and	  engineering	  processes	  are	  adapting	  at	  an	  unprecedented	  rate
to	   improve,	   reducing	  production	   times	  and	   increase	  energy	  efficiency.	  Efficient	  manufacturing
techniques	  and	  clean	  energy	  sources	  are	  proving	  themselves	  a	  very	  strong	  and	  ever-‐increasing
economic	  driver	  in	  the	  region.	  (Panel	  2:	  Clean	  Energy	  Innovations)

5. ORNL	  provides	  access	  to	  advanced	  scientific	  tools	  and	  expertise	  not	  readily	  available	  in	  industry
and	   academia.	  ORNL	  welcomes	   the	   opportunity	   to	   collaborate	  with	   industry,	   and	   encourages
companies	  to	  visit	  and	  discuss	  their	  research	  challenges.	   (Panel	  3.	  Leveraging	  DOE	  Capabilities
to	  Deliver	  Innovation)

6. Public-‐private	   partnerships	   between	   national	   laboratories,	   universities,	   and	   industries	   act	   as
drivers	  of	  innovation	  and	  economic	  development.	  These	  partnerships	  build	  local	  ecosystems	  to
strengthen	   the	   region	   in	   changing	   innovation	   landscapes.	   In	   a	   global	   economy,	   advanced
manufacturing	  is	  a	  strong	  resource	  in	  the	  southeast.	  	  (Panel	  4:	  Tech	  to	  Market	  Innovations)

ROUNDTABLE	  1:	  ENERGY	  INNOVATION	  INDUSTRY	  
Joe	  Hezir	  (Chief	  Financial	  Officer,	  U.S.	  DOE)	  moderated	  this	  roundtable,	  and	  Dr.	  Moe	  Khaleel	  (Director	  
of	   Planning,	   ORNL)	   took	   notes.	   Roundtable	   participants	   included:	   Peter	   Hoffman	   (Vice	   President,	  
Intellectual	   Property	  Management,	   Boeing	  Co.);	  Dan	   Stout	   (Senior	  Manager,	   Small	  Modular	   Reactors,	  
TVA);	   Jason	   Swager	   (Manager	   R&D	   Electrical,	   VW	   Americas);	   and	   Nick	   Irvin	   (Program	   Manager,	  
Advanced	   Energy	   Systems,	   Southern	   Company).	   Joe	   Hezir	   noted	   that	   the	   panel	   was	   designed	   to	   talk	  
about	  what	  regional	  partnerships	  are,	  and	  to	  get	  industry	  perspectives	  on	  them.	  He	  read	  language	  from	  
a	   senate	   appropriation	   report	   that	   encouraged	   regional	   work	   through	   existing	   programs.	   Hezir	  
summarized	  the	  energy	  situation	  in	  the	  southeast	  as	  being	  uniquely	  known	  for	  hydropower	  generation.	  
He	  also	  noted	  that	  a	  regional	  partnership	  could	  be	  structured	  as	  a	  cross-‐sector	  consortium,	  serving	  as	  a	  
federally-‐funded	  energy	  planning	  hub.	  	  

Question	   1.	   Please	   provide	   introductions	   and	   background.	   Jason	   Swager	   said	   that	   VW	   America,	  
headquartered	  in	  Chattanooga,	  is	  building	  a	  new	  SUV.	  They	  are	  looking	  ahead	  to	  gauge	  target	  markets	  
and	   future	   products.	   Peter	   Hoffman	   said	   that	   Boeing	   is	   focused	   on	   developing	   and	   protecting	  
technologies	   and	   is	   a	   strong	   believer	   of	   collaboration.	   Nick	   Irvin	   said	   that	   Southern	   Company	   is	   a	   4-‐
regional	  utility	  that	  still	  has	  an	  in-‐house	  R&D	  function.	  They	  are	  a	  contractor	  and	  collaborator	  with	  DOE,	  
working	  directly	  with	  EPRI.	  	  Recently,	  they	  have	  been	  exploring	  increased	  nuclear	  capabilities.	  Dan	  Stout	  
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said	  that	  TVA	  continues	  research	  of	  the	  small	  modular	  reactor,	  and	  has	  submitted	  an	  application	  to	  the	  
Nuclear	  Regulatory	  Commission	  (NRC)	  to	  evaluate	  the	  suitability	  of	  the	  ORNL	  small	  modular	  reactor	  site.	  
TVA	  is	  pursuing	  a	  balanced	  portfolio	  of	  electricity	  generation,	  and	  has	  a	  new	  focus	  on	  their	  three	  pillars	  
of	  sustainability:	  energy	  generation,	  environmental	  health,	  and	  economical	  advantage	  for	  the	  Southeast	  
Region.	  	  
	  

Question	   2.	   What	   are	   some	   key	   priorities	   for	   an	   energy	   technology	   innovation	   agenda	   in	   the	  
southeast?	   Dan	   Stout	   said	   that	   the	   southeast	   should	   have	   a	   strengths	   and	   weaknesses	   assessment	  
done,	  before	  determining	  the	  course	  of	  action.	  He	  noted	  that	  UT	  and	  ORNL	  provide	  significant	  nuclear	  
expertise	  in	  the	  region,	  and	  that	  there	  is	  a	  growing	  need	  for	  clean,	  reliable,	  sustainable	  electricity.	  Jason	  
Swager	   said	   that	   from	   the	   automotive	   side,	   a	   southeast	   energy	   innovation	   agenda	   should	   include	  
lightweight	   materials,	   energy	   storage,	   smart	   vehicles,	   and	   smart	   cities.	   	   He	   also	   said	   that	   increasing	  
carbon	  fiber	  research	  and	  reducing	  the	  cost	  of	  the	  manufacturing	  is	  important.	  	  	  
	  

Audience	  Member	   Q&A.	   This	   question	   is	   for	   the	   energy	   company	   representatives.	   You	   both	   come	  
from	  very	  innovative	  companies.	  	  Are	  both	  companies	  collaborating	  to	  address	  common	  issues?	  Nick	  
Irvin	  said	  that	  there	  are	  opportunities	  to	  collaborate	  on	  technology	  development	  and	  regulatory	  issues.	  	  
He	  noted	  that	  TVA	  and	  Southern	  Company	  have	  worked	  on	  carbon	  capture	  technologies	  together.	  	  Dan	  
Stout	   said	   that	   the	  whole	   southeast	   energy	   industry	   is	   collaborating	   thru	  EPRI,	   sharing	   resources	   in	   a	  
regulatory	  environment	  –	  though,	  he	  notes,	  deregulation	  makes	  sharing	  more	  difficult.	  
	  
Audience	  Member	  Q&A.	  This	  question	  is	  for	  the	  industry	  representatives.	  You	  both	  are	  manufacturing	  
using	   multiple	   technologies.	   Is	   there	   one	   technology	   you	   wish	   for	   more	   advancement	   of?	   Jason	  
Swager	   said	   that	   advancing	   material	   affordability,	   especially	   carbon	   fiber,	   would	   be	   good.	   Peter	  
Hoffman	  agreed.	  He	  would	  like	  to	  see	  scaling	  with	  carbon	  fiber	  technology,	  noting	  that	  Boeing	  uses	  a	  lot	  
of	  titanium	  due	  to	  carbon	  compatibility.	  	  Aluminum	  didn’t	  work	  as	  well,	  so	  they	  had	  to	  tailor	  materials	  
for	  specific	  functions.	  Jason	  Swager	  stressed	  again	  the	  need	  for	  smart	  infrastructure,	  and	  the	  ability	  to	  
meet	  customer	  desire	  for	  autonomous	  vehicles	  in	  safe	  environments.	  
	  

Question	   3.	   How	   can	   industry	   build	   on	   current	   DOE	   programs	   and	   models	   to	   achieve	   a	   regional	  
partnership	   that	   promotes	   an	   innovation	   ecosystem	   for	   the	   southeast?	   The	   panel	   agreed	   that	   two	  
members	   from	   power	   and	   two	   members	   from	   industry	   should	   be	   represented,	   at	   a	   minimum.	   They	  
acknowledged	   the	   need	   to	  work	  with	   each	   other,	   as	  well	   as	  with	   the	   communities	   they	   inhabit.	  Dan	  
Stout	  noted	  that	  the	  rate	  of	  change	  in	  the	  energy	  sector	  is	  exceptionally	  high	  right	  now,	  and	  that	  how	  
the	   southeast	   responds	   to	   distributed	   generation	   and	   renewable	   energy	   sources	   is	   important	   to	   be	  
competitive.	  He	  noted	  that	  partnerships	  help	  industries	  pivot	  quickly	  in	  the	  face	  of	  diverse	  technologies.	  
	  

Audience	   Member	   Q&A.	   Are	   there	   further	   opportunities	   for	   cross-‐sector	   collaborations	   across	  
technology?	   Jason	   Swager	  noted	   that	   technology	   goes	   thru	   phases,	   and	   that	   the	  most	   time	   is	   spent	  
focusing	  on	  the	  practical	  over	  the	  theoretical.	  Identifying	  how	  to	  speak	  with	  the	  research	  community	  is	  
sometimes	   difficult,	   because	   the	   research	   community	   tends	   to	   think	   in	   terms	   of	   what’s	   possible,	  
whereas	   industry	   thinks	   in	   terms	   of	   what’s	   practical.	   The	   trick	   is	   to	   solve	   real-‐world	   problems	   using	  
outstanding	  innovations	  in	  cost-‐	  and	  time-‐effective	  ways.	  
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Question	  4.	  Where	  do	  you	  see	  a	  need	  for	  increased	  southeast	  energy	  investment,	  and	  how	  important	  
are	  energy	  supply	  issues	  to	  expanding	  the	  manufacturing	  base	  in	  the	  region?	  Peter	  Hoffman	  said	  that	  
advanced	  manufacturing	   and	   aerospace	   industry	   research	   is	   a	   critical	   investment.	  He	   recognized	   that	  
the	  Southeast	   is	  on	  a	  manufacturing	  upswing.	  He	  also	  noted	   that	  while	  Boeing	   isn’t	   intense	   in	  power	  
usage,	   increased	   automation	   makes	   their	   processes	   able	   to	   tolerate	   less	   interruption	   –	   so,	   power	  
reliability	   is	   very	   important	   to	   them.	  Dan	  Stout	   said	   that	   innovation	   in	   clean	   safe,	   reliable,	   affordable	  
energy	  is	  very	  important.	  	  Nick	  Irvin	  noted	  that	  Southern	  Company	  has	  an	  innovation	  center	  in	  Atlanta,	  
which	  manages	  $2	  billion	  in	  applied	  research	  projects.	  	  	  

Question	  5.	  What	   kinds	  of	   things	   should	  DOE	  do	   to	   support	   regional	   collaboration	  between	  energy	  
and	   industrial	  manufacturers?	  Nick	   Irvin	   said	   that	   collaborative	   efforts	   tend	   to	   start	   small,	   and	   grow	  
with	  successes.	  DOE	  could	  foster	  a	  staged	  collaboration	  approach,	  with	  the	  intent	  to	  grow	  over	  time.	  He	  
noted	   that	   there	   is	   a	  need	   to	  be	  agile	   in	   support	  of	   collaboration,	  which	   can	  be	  messy	  at	   times.	  DOE	  
could	   develop	   targets	   for	   energy	   and	   industry	   sectors,	   built	   around	   a	   staged	   approach.	   	   This	   would	  
accommodate	  a	  variety	  of	  activities	  throughout	  the	  innovation	  life	  cycle.	  

ROUNDTABLE	  2.	  ENERGY	  INNOVATION	  UNIVERSITY	  
Dr.	  Stacey	  Patterson	   (Associate	  Vice	  President	   for	  Research,	  University	  of	  Tennessee),	  moderated	  this	  
roundtable,	   and	  Susanna	  Sutherland	   (PhD	  Candidate,	   The	  Bredesen	  Center,	  UT	  Knoxville)	   took	  notes.	  
Roundtable	  participants	   included:	  Dr.	   Jimmy	  G.	  Cheek	   (Chancellor,	  UT	  Knoxville);	  Dr.	   Joanne	  Romagni	  
(Vice	  Chancellor	  for	  Research	  and	  Dean	  of	  the	  Graduate	  School,	  UT	  Chattanooga);	  Dr.	  Timothy	  Lieuwen	  
(Executive	  Director,	  Strategic	  Energy	  Institute,	  Georgia	  Institute	  of	  Technology);	  Dr.	  Tanju	  Karanfil	  (Vice	  
President	  for	  Research,	  Clemson	  University);	  Dr.	  Ray	  Vaughn	  (Vice	  President	  for	  Research	  and	  Economic	  
Development,	  University	  of	  Alabama,	  Huntsville);	  and	  Dr.	  David	  Kosson	  (Cornelius	  Vanderbilt	  Professor	  
of	   Engineering,	   Department	   of	   Civil	   and	   Environmental	   Engineering,	   Director	   of	   CRESP,	   Vanderbilt	  
University).	   Stacey	   Patterson	   had	   the	   panel	   introduce	  
themselves.	  Then	  she	  asked	  a	  series	  of	  questions:	  	  

Question	   1.	   What	   are	   the	   unique	   or	   most	   pressing	   energy	  
research	   opportunities	   in	   the	   Southeast	   Region?	   Timothy	  
Lieuwen	  noted	  that	  nuclear	  is	  high	  on	  the	  list,	  but	  emphasized	  hydrocarbon	  from	  natural	  gas	  as	  a	  good	  
opportunity.	  He	  thinks	  this	  makes	  a	  lot	  of	  sense	  for	  the	  southeast,	  because	  there	  is	  an	  existing	  research	  
and	  development	  (R&D)	  powerhouse	  already	  in	  existence,	  as	  well	  as	  carbon	  capture	  sequestration	  sites.	  
He	  noted	   that	  General	   Electric	   is	   experimenting	  with	  hydrocarbon	   from	  natural	   gas.	   Joanne	  Romagni	  
said	  she	  would	  like	  to	  develop	  the	  workforce	  and	  create	  the	  next	  generation	  of	  innovators,	  which	  is	  the	  
focus	  at	  UT	  Chattanooga	  (UTC).	  She	  noted	  that	  collaboration	   is	  key	  –	  UTC	  works	  with	  ORNL,	  TVA,	  and	  
other	  partners	  to	  explore	  things	  like	  electricity	  generation	  from	  solar	  and	  wind.	  Jimmy	  Cheek	  agreed:	  UT	  
Knoxville	   has	   benefited	   tremendously	   from	   a	   relationship	  with	  ORNL,	  which	   has	   influenced	   academic	  
programming.	  David	  Kosson	  noted	  that	  Vanderbilt	  tests	  technology	  against	  social,	   legal,	  and	  monetary	  
constraints.	  He	  wants	  to	  understand	  market	  constraints	  for	  end	  users.	  Tanju	  Karanfil	  agreed,	  and	  said	  
that	  quicker	  access	  to	  the	  market	  is	  needed	  –	  which	  test	  beds	  can	  provide.	  Ray	  Vaughn	  commented	  that	  
this	  kind	  of	  workshop	  is	  a	  good	  catalyst.	  He	  wants	  to	  encourage	  expansion	  of	  the	  501c6	  Public	  Private	  
Partnerships	  (PPPs)	  in	  the	  region.	  
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Audience	   Member	   Q&A.	   Michael	   Walton	   said	   that	   Green	   Spaces	   sees	   the	   need	   for	   cost-‐effective	  
storage	  in	  the	  grid	  connection	  space,	  and	  asked	  what	  the	  panelists	  have	  been	  doing	  in	  this	  area.	  David	  
Kosson	  said	  that	  Vanderbilt	   is	  working	  on	  embedding	  energy	  storage	  into	  nanomaterials	  that	  can	  then	  
be	  placed	  throughout	  the	  electrical	  grid	  system.	  Timothy	  Lieuwen	  noted	  that	  energy	  grid	  storage	  is	  an	  
enabler,	  but	  that	  it’s	  also	  essential	  for	  cyberspace	  security.	  The	  southeast	  doesn’t	  yet	  excel	  here	  but	  he	  
thinks	   that	   it	   should,	  because	   the	   region	   is	  home	   to	   some	  of	   the	   largest	   computers	   in	   the	  world.	  Ray	  
Vaughn	  also	  wants	  to	  focus	  on	  cyber	  security.	  He	  notes	  that	  though	  computing	  infrastructure	  is	  easy	  to	  
attack,	   there	   is	   significant	   capability	   to	   address	   these	   attacks.	   Stacey	   Patterson	   said	   that	  ORNL	   has	  
energy	  storage	  experts,	  and	  UT	  Knoxville	   is	  also	  very	  active	   in	  this	  area.	   It	   is	  an	  area	  of	  need,	  and	  will	  
impact	  future	  application	  of	  all	  technologies.	  	  
	  

Audience	  Member	  Q&A.	  A	  person	  from	  Vanderbilt	  noted	  that	  smart	  grid	  security	  is	  a	  big	  deal.	  He	  said	  
that	   the	   right	   partnerships	   need	   to	   be	   established	   to	   ensure	   the	   data	   is	   as	   safe	   as	   possible	   across	  
sectors.	  Tanju	  Karanfil	  said	  that	  the	  Dept.	  of	  Homeland	  Security	  simulates	  what	  happens	  during	  attacks,	  
and	  how	  quickly	  systems	  can	  recover.	   Joanne	  Romagni	  said	   that	  EPB	   (Chattanooga’s	   local	  distributing	  
utility)	  has	  opened	  15-‐minute	  increment	  data	  to	  UTC	  faculty.	  	  
	  

Audience	   Member	   Q&A.	   A	   private	   consultant	   said	   that	   as	   the	   energy	   system	   moves	   towards	  
distributed	   energy	   resources,	   energy	   transactions	   need	   to	   communicate	   with	   a	   block	   chain	   of	  
software.	  He	  wanted	  to	  know	   if	  any	   institution	   is	   looking	  at	   the	  underpinning	  software	  system	  that	  
supports	   grid	   operations.	  Ray	   Vaughn	   said	   that	   the	   University	   of	   Alabama,	   Huntsville	   (UAH)	   collects	  
data	   on	   these	   systems.	  David	   Kosson	  noted	   that	   the	   Vanderbilt	   Integrated	   Software	   Institute	   is	   also	  
working	  on	  this.	  	  
	  

Question	  2.	  What	  do	  you	  see	  as	  the	  way	  forward	  to	  expand	  and	  accelerate	  technology	  innovation	  and	  
commercialization?	  David	  Kosson	  said	  that	  capturing	  high	  caliber	  students	  and	  teaching	  them	  how	  to	  
make	   a	   difference	   through	   industry	   internships	   is	   key.	   Jimmy	   Cheek	   noted	   that	   both	   policy	   and	  
entrepreneurship	  focuses	  are	  available	  in	  the	  Bredesen	  Center.	  He	  hopes	  this	  will	  be	  a	  model	  for	  other	  
programs:	   to	   build	   entrepreneurship	   into	   the	   fabric	   of	   the	   programs	   UT	   Knoxville	   offers.	   Timothy	  
Lieuwen	   said	   Georgia	   Tech	   tries	   to	   find	   1	   -‐	   3	   universities	   in	   each	   country	   to	   partner	  with	   southeast-‐
based	  Fortune	  500	  companies.	  They	  were	  recently	  named	  a	  Siemens	  Center	  of	  Knowledge	  Interchange	  
(CKI),	  in	  part	  due	  to	  their	  leverage	  with	  local	  industry.	  Tanju	  Karanfil	  noted	  that	  Clemson	  finds	  access	  to	  
materials	  challenging.	  Joanne	  Romagni	  said	  UTC	  creates	  interdisciplinary	  teams	  to	  incubate	  new	  energy	  
tech	  ideas.	  	  
	  

Audience	  Member	  Q&A.	   A	   student	   from	  UTC	   asked	   how	   the	   panel	   considers	   technology	   adoption.	  
Timothy	  Lieuwen	  responded	  that	  they	  consider	  the	  social	  and	  physical	  systems	  surrounding	  technology.	  
	  

Question	  3.	  How	  to	  better	  connect	  resources	  and	  capabilities	  across	  DOE,	  universities,	  and	  industry	  in	  
the	  Southeast	  Region?	  Timothy	  Lieuwen	  said	  to	  consider	  the	  industrial	  base,	  and	  all	  the	  investments	  in	  
R&D	  the	  southeast	  is	  making	  in	  order	  to	  know	  today	  what	  areas	  are	  going	  to	  require	  major	  investment	  
so	   they	   can	   bloom	   tomorrow.	   David	   Kosson	   noted	   that	   this	   as	   a	   dialogue:	   it	   should	   be	   an	   ongoing	  
engagement	   between	   the	   universities,	   DOE,	   and	   the	   labs	   –	   as	   well	   as	   the	   communities	   who	   will	  
ultimately	   benefit	   from	   the	   discoveries.	   Jimmy	   Cheek	   said	   that	   universities	   around	   the	   country	   are	  
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critical	   to	   southeast	   energy	   advancement.	   He	   stated	   the	   need	   to	   leverage	   collective	   resources.	   Ray	  
Vaughn	  asked	   if	   there	  could	  be	  more	  workshops.	  He	  recalled	  that	  an	   industry	  panelist	  said	   that	   there	  
are	  three	  approaches	  to	  innovation:	  what’s	  possible,	  what’s	  probable,	  and	  what’s	  practical.	  UAH	  is	  more	  
on	   the	   probable	   or	   practical	   end	   of	   the	   spectrum,	   with	   the	   very	   applied	   work	   that	   they	   do.	   Tanju	  
Karanfil	  said	  that	  innovation	  needs	  a	  catalyst,	  with	  supporting	  infrastructure.	  	  

Audience	  Member	  Q&A.	   Jason	  Swager	  with	  VW	  asked	  how	  universities	  handle	  having	  access	   to	   the	  
future	  of	   buying	  power.	  David	  Kosson	  noted	  Vanderbilt	  works	   hard	   to	   leverage	   student	   access:	   they	  
give	   students	   a	   challenge,	   asking	   for	   multi-‐disciplinary	   ideas.	   He	   said	   that	   universities	   don’t	   want	   to	  
predict	   the	   future,	   they	   want	   students	   to	   imagine	   it	   and	   then	   develop	   it.	   Tanju	   Karanfil	   said	   that	  
students	  want	  to	  be	  connected,	  and	  that	  it’s	  the	  university’s	  job	  to	  channel	  that	  desire	  into	  projects.	  	  

Audience	   Member	   Q&A.	   Courtney	   Piper	   (TN	   Advanced	   Energy	   Business	   Council)	   asked	   what	   non-‐
governmental	   organizations	   (NGOs)	   can	  do	   to	   increase	   the	   visibility	   of	   energy-‐related	  work	   already	  
happening	   in	  the	  region.	  Ray	  Vaughn	  said	  most	  NGOs	  are	   locally	   functioning,	  and	  that	   trying	  to	  build	  
the	  next	  generation	  to	  work	  on	  a	  regional	  scale	  is	  an	  endeavor	  deserving	  of	  federal	  support.	  	  

Audience	  Member	  Q&A.	  Lee	  Riedinger	  (Director	  of	  the	  UT	  Knoxville	  Bredesen	  Center)	  observed	  that	  
this	  meeting	  is	  an	  exciting	  opportunity,	  but	  wondered	  how	  to	  accomplish	  next	  steps.	  He	  noted	  that	  six	  
universities	   and	   four	   industries	  were	   present,	   and	   said	   that	   if	   this	   is	   the	   last	  workshop	   it	  won’t	   be	  
enough.	   He	   wondered	   who	   would	   convene	   future	   conversations,	   to	   decide	   on	   prominent	   regional	  
strengths.	   Oak	   Ridge	   Associated	   Universities	   (ORAU)	   was	   asked	   if	   they	   could	   adopt	   the	   role	   of	  
convener,	   and	   said	   they	  were	   suited	   for	   it.	  Ray	  Vaughn	  observed	   that	   some	   long-‐term	   research	   isn’t	  
conducive	  to	  the	  flow	  of	  grad	  students.	  One	  thing	  UAH	  has	  started	  doing	  is	  to	  pay	  tuition	  and	  student	  
salaries	  if	  they	  can	  be	  embedded	  directly	  in	  companies.	  The	  approach	  seems	  to	  be	  working.	  It	  becomes	  
a	  long-‐term	  relationship	  that	  advances	  new	  technology.	  	  

PANEL	  1:	  ENTREPRENEURSHIP	  &	  GRADUATE	  EDUCATION	  TO	  DRIVE	  INNOVATION	  
Dr.	   Franklin	   (Lynn)	  Orr	   (Undersecretary	   for	   Science	  &	   Energy,	  U.S.	   DOE)	  moderated	   this	   session,	   and	  
Victoria	  DiStefano	  (PhD	  Candidate,	  The	  Bredesen	  Center,	  UT	  Knoxville),	  took	  notes.	  Panelists	  included:	  
Mallory	   Ladd	   (PhD	   candidate,	   The	   Bredesen	   Center,	   UT	   Knoxville);	   Jeff	   Beegle	   (PhD	   Candidate,	   The	  
Bredesen	   Center,	   UT	   Knoxville);	   David	   Collao	   (PhD	   Candidate,	   UTC);	   Anne	   Mallow	   (PhD	   Candidate,	  
Georgia	   Institute	   of	   Technology);	   and	   Annette	   Bodenheimer	   (PhD	   Candidate,	   North	   Carolina	   State	  
University).	  

Franklin	   Orr	   said	   the	   purpose	   of	   the	   panel	  
was	   to	   understand	   what	   energy	   research	  
graduate	   students	   in	   the	   southeast	   are	  
doing,	   and	   what	   more	   could	   be	   done	   to	  
further	  graduate	  work	  in	  clean	  energy	  fields.	  
He	   noted	   that	   the	   energy	   transition	   is	   well	  
under	  way,	  and	  there	  is	  a	  continued	  need	  for	  
smart	   people	   to	   drive	   energy	   innovation	   in	  
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educational	  systems	  and	  labs.	  The	  panel	  introduced	  themselves:	  
	  

Annette	   Bodenheimer	   is	   currently	   working	   on	   her	   dissertation	   at	   ORNL	   through	   the	   Graduate	  
Opportunities	   (GO!)	   Program.	   Her	   dissertation	   involves	   structurally	   characterizing	   the	   enzymes	   that	  
break	   down	   cellulose.	  Mallory	   Ladd	   is	   a	   National	   Science	   Foundation	   graduate	   research	   fellow.	   Her	  
dissertation	  research	  (at	  ORNL	  as	  part	  of	  the	  NGEE-‐Arctic	  project),	  focuses	  on	  the	  soil	  biogeochemistry	  
and	   investigates	   nutrient	   cycling	   in	   the	   Artic.	   Anne	   Mallow	   is	   working	   on	   her	   dissertation	   at	   ORNL	  
through	   the	   GO!	   Program.	   Her	   dissertation	   involves	   designing	   advanced	   heat	   exchangers	   for	   many	  
applications	  through	  experimental	  and	  computational	  research.	  David	  Collao	  is	  in	  the	  SimCenter	  (Center	  
of	  Excellence	  in	  Applied	  Computational	  Science	  and	  Engineering).	  His	  work	  involves	  using	  computational	  
models	   to	   improve	   the	   stability	   of	   axial	   compressors.	   Jeff	   Beegle’s	  ORNL	   research	   involves	   advancing	  
systems	  that	  convert	  waste	  to	  energy.	  He	   is	  also	  the	  CFO	  of	  a	  start-‐up	  company,	  Grow	  Plastics,	  which	  
utilizes	  a	  technology	  to	  use	  renewable	  plant	  matter	  to	  make	  plastic.	  
	  

Question	  1.	  How	   is	  your	  research	  related	  to	  energy?	   Jeff	  Beegle	   said	  his	   research	   involves	   looking	  at	  
the	  water	   energy	   nexus.	   Specifically,	   he	   is	   researching	   how	  microbes	   can	   be	   used	   to	   treat	  water	   and	  
generate	  electricity.	  David	  Collao	  said	  he	  focuses	  on	   improving	  axial	  compressors	  (which	  are	   in	  planes	  
and	   power	   plants),	   by	   designing	   them	   to	   use	   less	   energy.	  Anne	  Mallow	   works	   on	   increasing	   energy	  
efficiency	   by	   storing	  waste	   heat	   to	   preheat	   other	  waste	   streams.	  Her	   research	   examines	   using	   phase	  
change	   materials	   in	   cyclic	   latent	   heat	   thermal	   storage	   systems	   to	   store	   waste	   heat.	   She	   is	   also	  
researching	   increasing	   heat	   transfer	   in	   heat	   exchangers,	   to	   improve	   the	   efficiency	   of	   mechanical	  
systems.	   Mallory	   Ladd	   focuses	   on	   the	   climate	   energy	   nexus	   (understanding	   how	   changing	   climate	  
impacts	   energy	   issues,	   and	   vice	   versa).	   Specifically,	   she	   focuses	   on	   how	   warming	   temperatures	   in	  
geographically	  vulnerable	  areas	  (such	  as	  the	  Artic)	  may	  influence	  the	  future	  energy	  landscape.	  Annette	  
Bodenheimer	  researches	  the	  transformation	  of	  plant	  cellulose,	  or	  organic	  matter	  that	  requires	  enzymes	  
to	  be	  broken	  down.	  These	  enzymes	  work	  to	  modify	  cellulose	  into	  downstream	  fuels	  (i.e.,	  biofuel).	  
	  

Audience	  Member	  Q&A.	  Panelist	  David	  Colloa	  asked	   if	  other	  panelists’	  research	  changed	  when	  they	  
went	  to	  work	  at	  ORNL.	  Anne	  Mallow	  said	  definitely.	  Her	  initial	  experience	  at	  ORNL	  –	  before	  graduate	  
school	   –	   informed	   her	   graduate	   work.	   Annette	   Bodenheimer	   said	   her	   advisor	   has	   a	   joint	   faculty	  
appointment	  with	  ORNL	  and	  NC	  State,	  and	  that	  this	  shifted	  her	  research	  focus.	  Franklin	  Orr	  asked	  if	  this	  
experience	   caused	   the	   panelists	   to	   want	   to	   work	   at	   ORNL	   or	   another	   national	   lab	   after	   graduation.	  
Mallory	  Ladd	  said	  yes.	  	  
	  

Question	  2.	  How	  is	  the	  ORNL	  environment	  different	  from	  a	  university	  environment?	  Anne	  Mallow	  was	  
at	  GA	  Tech	  for	  three	  years	  before	  coming	  to	  ORNL,	  where	  she	  became	  involved	  in	  the	  startup	  of	  a	  new	  
project	   involving	   rotating	   heat	   exchangers,	   which	   is	   now	   part	   of	   her	   research.	   She	   notes	   that	   in	   a	  
university	   setting,	   she	   focused	   on	   one	   project.	   In	   the	   lab	   setting,	   she	   has	   had	   the	   opportunity	   to	   be	  
involved	   in	   many	   additional	   side	   projects,	   which	   showed	   the	   applicability	   of	   her	   research	   in	   many	  
different	  situations.	  	  
	  

Question	  3.	  In	  a	  university	  setting,	  grad	  students	  are	  often	  inadvertently	  responsible	  for	  the	  transfer	  
of	   information	   about	   research	   activities.	   Do	   you	   find	   yourselves	   in	   that	   role	   that	   at	   the	   lab?	   Anne	  
Mallow	   said	   her	   ORNL	   group	   is	   good	   at	   information	   transfer;	   they	   have	   lunch	   meetings	   to	   discuss	  
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research.	  Mallory	   Ladd	   says	   they	   do	   a	   lot	   of	   collaborative	   research	   at	   the	   lab:	   graduate	   students	   are	  
offered	  the	  opportunity	  to	  develop	  questions,	  pursue	  them,	  and	  seek	  out	  collaborations.	  She	  said	  that	  
the	  Bredesen	  Center	  is	  also	  good	  at	  having	  an	  interdisciplinary	  approach,	  in	  two	  ways:	  1)	  students	  come	  
from	  all	  different	  scientific	  backgrounds,	  forcing	  communication	  across	  scientific	  fields,	  and	  2)	  students	  
must	   pursue	   knowledge	   breadth	   curricula	   such	   as	   policy	   or	   entrepreneurship,	   allowing	   them	   to	   gain	  
valuable	  experience	  communicating	  with	  non-‐science	   fields.	   Jeff	  Beegle	   agreed.	  He	   said	   the	  Bredesen	  
Center	  and	  ORNL	  are	  both	   interdisciplinary	  environments,	  encouraging	  students	   to	   think	  economically	  
and	  practically.	  	  

Question	   4.	   The	   Bredesen	   Center	   also	   has	   a	   unique	   design,	   encouraging	   students	   to	   pursue	   other	  
interests	  related	  to	  energy	   including	  policy	  and	  entrepreneurship.	  What	  have	  you	  been	   involved	   in?	  
Mallory	  Ladd	  said	  she	   is	   interested	   in	  the	  policy	  track.	   	  She	  had	  the	  opportunity	  to	  go	  to	  Washington,	  
D.C.	   for	  an	   internship	  at	   the	  Wilson	  Center,	  which	  was	  a	  great	  experience.	   Jeff	  Beegle	   is	   interested	   in	  
entrepreneurship.	  He	  notes	  there	  is	  a	  group	  of	  Bredesen	  Center	  students	  that	  get	  together	  to	  practice	  
pitches	  for	  technologies	  they	  have	  developed,	  and	  want	  to	  bring	  to	   industry.	  Anne	  Mallow	  said	  she	   is	  
also	   interested	   in	   energy	   policy.	   While	   at	   ORNL,	   she	   has	   been	   able	   to	   see	   how	   technology	   can	   be	  
applied.	  	  

Question	  5.	  National	  labs	  commonly	  work	  with	  industry	  partners.	  Have	  your	  graduate	  studies	  allowed	  
you	  to	  do	  so?	  David	  Collao	  said	  he’s	  had	  the	  opportunity	  to	  do	  some	  work	  with	  Sandia	  National	  Lab,	  but	  
not	   much	   industry	   experience.	  Mallory	   Ladd	   noted	   that	   some	   Bredesen	   Center	   students	   have	   been	  
studying	   the	  U.S.	  Environmental	  Protection	  Agency’s	   (EPA)	  Clean	  Power	  Plan.	  Through	   this	  work,	   they	  
have	   interacted	   with	   industry	   stakeholders	   to	   assess	   how	   this	   plan	   will	   impact	   them.	   Jeff	   Beegle’s	  
entrepreneurship	   work	   has	   given	   him	   lot	   of	   opportunity	   to	   work	   with	   industry,	   carving	   out	   a	   niche	  
where	   his	   company	   can	   succeed.	   Anne	   Mallow	   has	   been	   able	   to	   interact	   with	   industry	   when	   she	  
presents	  her	  work	  to	  them.	  

Question	  6.	  What	  would	  be	  helpful	  from	  DOE	  to	  maximize	  your	  potential?	  Jeff	  Beegle	  noted	  that	  there	  
is	  room	  for	  improvement	  in	  attracting	  new	  students.	  He	  thought	  an	  incubator	  for	  student	  businesses	  at	  
the	   lab	   would	   be	   helpful.	   Also,	   having	   access	   to	   six-‐month	   tech	   licenses	   would	   help	   streamline	   the	  
process.	  Franklin	  Orr	  stressed	  the	  importance	  of	  national	  labs	  functioning	  as	  great	  educational	  systems	  
for	  graduate	  students,	  post	  docs,	  and	  scientists,	  and	  commended	  them	  for	  taking	  advantage	  of	  this	  role	  
to	  train	  the	  leaders	  of	  tomorrow.	  

PANEL	  2:	  CLEAN	  ENERGY	  INNOVATIONS	  
Cortney	  Piper	  (Tennessee	  Advanced	  Energy	  Business	  Council)	  moderated	  this	  session.	  Guin	  Shaw	  (Ph.D.	  
Candidate,	   The	   Bredesen	   Center,	   UT	   Knoxville)	  took	   notes.	   Panelists	   included:	   Tom	   King	   (Director,	  
Energy	   Efficiency	   and	   Electricity	   Programs,	   ORNL); R.	   Platt	   Boyd	   IV	   (Founder	   and	   CEO,	   Branch	  
Technologies);	   and	  David	  Wade	   (Executive	   Vice-‐President	   and	   Chief	   Operating	   Officer,	   EPB). Cortney	  
Piper	  had	  the	  panel	  introduce	  themselves,	  and	  then	  asked	  a	  series	  of	  questions.	  	  

Question	  1.	  What	  do	  you	  think	  is	  the	  most	  pressing	  clean	  energy	  issue	  in	  the	  region?	  David	  Wade	  said	  
that	  one	  issue	  is	  making	  technologies	  cohesive	  and	  scalable,	  while	  guaranteeing	  they	  are	  economically	  
feasible	   and	   can	   be	   equitably	   accessed.	   Tom	   King	   added	   to	   this,	   saying	   scalability	   in	   energy	   tech	   is	  
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critical	   in	  three	  areas:	  1)	  available	  resources	  (like	  natural	  gas,	  coal,	  wind,	  hydro,	  solar,	  and	  nuclear);	  2)	  
resource	   cost	   structures;	   and	   3)	   reliability	   and	   resilience.	  Platt	   Boyd	   said	   modification	   and	   design	   of	  
buildings	  to	  save	  energy	  is	  a	  huge	  opportunity.	  He	  said	  that	  3D	  printing	  building	  components	  can	  save	  
up	   to	   50%	   in	   small	   scale	   construction.	   He	   also	   said	   that	   39%	   of	   land	   fill	   waste	   is	   produced	   by	   the	  
construction	  industry.	  	  
	  

Audience	  Member	  Q&A.	  Who	  sets	  the	  composition	  goals	  for	  the	  energy	  portfolio:	  is	  it	  government	  led	  
or	  private	  sector	  led,	  and	  what	  is	  the	  best	  mix?	  Tom	  King	  said	  federal	  policy	  plays	  a	  key	  role,	  but	  that	  
there	  is	  much	  ambiguity	  in	  determining	  the	  right	  policies.	  If	  the	  energy	  portfolio	  is	  determined	  entirely	  
by	  one	   sector,	   the	  perspective	   is	   skewed	   towards	   that	   sector’s	  best	   interests.	  A	  balanced	  approach	   is	  
needed.	   Policy	   should	   address	   more	   than	   rates:	   it	   should	   deal	   with	   security,	   sustainability,	   and	  
affordability.	  	  
	  

Audience	   Member	   Q&A.	   What	   is	   the	   largest	   3D	   printed	   structure	   in	   the	   world	   today?	   Platt	   Boyd	  
named	   a	   3D	   design	   he	   produced	   in	   Atlanta,	   GA,	   and	   said	   IDK	   was	   the	   tallest	   3-‐D	   printed	   building	   in	  
Chattanooga.	  
	  

Audience	  Member	  Q&A.	  What	  does	   this	  next	   large-‐scale	  demonstration	  3D	  printed	  building	  project	  
look	   like	   for	   the	   construction	   industry	   -‐	   for	   improved	   energy	   efficiency?	  Platt	   Boyd	   would	   like	   it	   to	  
come	   from	   the	   winners	   of	   his	   competition	   design.	   It	   should	   be	   a	   simple	   one-‐bedroom	   residential	  
example	  of	  the	  most	  energy	  efficient,	  smart,	  and	  resource	  efficient	  home	  possible.	  	  
	  

Question	   2.	   How	   important	   is	   grid	   research	   becoming	   for	   macro/micro	   grid	   modernization?	   David	  
Wade	   said	   it	   is	   extremely	   important,	   and	   that	   it	   needs	   a	   two-‐way	  model.	   This	   model	   would	   allow	  
communication	  between	  different	  energy	  sources,	  storage	  capacity,	  and	  demand.	  He	  said	  that	  if	  limited	  
to	  a	  one-‐way	   system,	   the	   grid	   cannot	   be	   fully	   integrated	   and	   has	   limited	  
interconnectedness,	  sustainability,	   and	   adaptability.	  Tom	   King	   noted	   that	   two-‐way	  communication	  
provides	  the	   ability	   to	   change	   demand	   to	  fit	   supply	   -‐	   a	   huge	   paradigm	   shift.	   Passive	   loads	   would	   be	  
replaced	  with	  a	  more	  dynamic	  and	  changing	  load.	  	  
	  

Question	  3.	  In	  working	  with	  National	  Labs,	  and	  even	  with	  research	  universities,	  can	  you	  share	  a	  best	  
practice	  or	  challenge?	  Platt	  Boyd	  said	  often	  small	  companies	  don't	  have	  capital	  or	  reputation	  to	  start	  a	  
relationship	   with	   research	   entities.	   He	   noted	   that	   the	   solution	   proposed	   needs	   to	   be	   fundamentally	  
game	  changing	  (not	  focused	  on	  small	  incremental	  changes),	  to	  get	  participation.	  David	  Wade	  noted	  that	  
in-‐person	   knowledge	   transfer	   was	   a	   nice	   aspect	   of	   a	   lab	   relationship,	   but	   that	   the	   challenge	   is	  
developing	  a	  common	  objective	  from	  organizational	  priorities	  and	  agendas.	  Failure	  to	  identify	  common	  
objectives	   leads	   to	   wasted	   time	   and	  miscommunication.	  Tom	   King	   said	   it	   is	  critical	  for	   a	   lab	   to	   have	  
industry	   partners:	   it	   enables	   technology	   market	   transfer.	   He	   notes	   a	   symbiotic	   relationship:	   industry	  
encouraging	  lab	  research	  and	  labs	  solving	  industry	  problems.	  	  
	  

Question	   4.	   What	   are	   the	  existing	  and	   potential	   economic	   impacts	   from	   clean	   energy	   innovation?	  
Platt	  Boyd	  said	  that	  they	  are	  innovating	  in	  a	  $1	  trillion	  dollar	  industry,	  working	  with	  manufacturing	  and	  
prefabrication	  to	  bring	   jobs	  to	  the	  region.	  David	  Wade	   talked	  about	  putting	   in	  gigabit	   fiber	  optics	  and	  
working	  with	  a	  UTC	  professor.	  His	  economic	   impact	  study	  estimated	  $3	  million	  in	   investments	  over	  10	  
years.	  However,	  unquantifiable	  but	   substantial	  economic	  benefit	  outweighed	  cost.	  Now,	   they	  work	   to	  
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really	   define	   “economic	   impact”	   more	   comprehensively.	   Tom	   King	   noted	   that	   overcoming	   the	   gap	  
between	  science	  and	  reality	  helps	  determine	  value	  propositions.	  	  

Audience	  Member	  Q&A.	  Where	  is	  clean	  energy	  innovation	  coming	  from:	  industry	  or	  academia?	  Platt	  
Boyd	   said	   that	   startups	   are	   lean,	   with	   low	   overhead	   that	   allows	   for	  more	   trial	   and	   error	   than	   larger	  
companies	  can	  afford.	  Failure	   is	  required	  for	   innovation	  to	  occur.	  Academia’s	  perspective	   is	  needed	  to	  
create	  theory,	  labs	  to	  turn	  theory	  into	  pilots,	  and	  industry	  scales	  and	  markets	  innovations.	  Tom	  King	  said	  
the	   innovation	   and	   the	   creativity	   come	   from	  people	   in	   both	  places.	  David	  Wade	   said	   that	   large-‐scale	  
collaborations	  are	  the	  best	  innovation.	  

Question	  5.	  What	  additional	   support	  do	  you	  need	   in	   the	  region	  to	   further	  clean	  energy	   innovation?	  
Tom	   King	   said	   that	   defining	   a	   pathway	   and	   being	   able	   to	   use	   data	   to	   better	   inform	   decisions	   is	   a	  
challenge.	   Honing	   a	   single	   vision	   is	   challenging,	   so	   good	   communication	   and	   coordination	   are	  
critical.	  Platt	  Boyd	  said	  support	  is	  needed	  to	  access	  technology	  impacts.	  	  He	  hosted	  a	  design	  competition	  
for	   the	   first	   3D	   printed	   house,	   and	   had	   a	   diverse	   set	   of	   applications	   from	  97	   different	   countries.	   The	  
winner	  of	   this	   competition	  demonstrated	   the	  power	  of	   3D	  printing	   in	  energy	  efficient	   construction	   in	  
Chattanooga.	   David	   Wade	   agreed	   that	   a	   shared	   vision	   is	   important,	   but	   also	   advocated	   for	   large	  
deployments	  to	  scale	  technology.	  	  

Audience	  Member	  Q&A.	  Can	  energy	  efficient	  building	  codes	  drive	  innovation	  in	  industry?	  Platt	  Boyd	  
referenced	   Leadership	   in	   Energy	   and	   Environmental	   Design	   (LEED)	   certifications,	   an	   industry-‐run	  
program	   designed	   to	   spur	   energy	   efficient	   buildings	   -‐	   which	   ultimately	   is	   impacting	   state	   and	   local	  
building	  codes.	  	  

PANEL	  3:	  LEVERAGING	  DOE	  CAPABILITIES	  TO	  DELIVER	  INNOVATION	  
Dr.	   Jim	  Roberto	   (Associate	   Lab	  Director,	   Science	   and	   Technology	  Partnerships,	  ORNL)	  moderated	   this	  
session,	   and	   Suzy	   Tichenor	   (Director,	   Industrial	   Partnerships	   Program,	   Computing	   and	   Computational	  
Sciences,	   ORNL)	   took	   notes.	   Panelists	   included:	   Dr.	   Jeff	   Nichols	   (Associate	   Laboratory	   Director,	  
Computing	  and	  Computational	  Sciences,	  ORNL);	  Dr.	  Michelle	  Buchanan	  (Associate	  Laboratory	  Director,	  
Physical	  Sciences,	  ORNL);	  Dr.	  Bill	  Peter	  (Director,	  Manufacturing	  Demonstration	  Facility,	  ORNL);	  and	  Dr.	  
Roderick	  Jackson,	  (Group	  Leader,	  Building	  Envelope	  Systems,	  ORNL).	  Jim	  Roberto	  opened	  the	  panel	  by	  
saying	  that	  ORNL	   is	  DOE’s	   largest	  science	  and	  energy	   lab,	  and	  that	  more	  than	  3,000	  guest	  researchers	  
use	  the	  lab’s	  different	  user	  facilities	  annually.	  The	  panelists	  represent	  five	  of	  the	  largest	  facilities	  at	  the	  
lab.	   They	   offer	   perspectives	   on	   how	   to	   partner	   with	   the	   lab	   to	   accelerate	   innovation.	   Each	   panelist	  
described	  their	  facility:	  

Michelle	  Buchanan	  said	  that	  ORNL	  is	  home	  to	  four	  scientific	  user	  facilities	  funded	  by	  the	  DOE	  Office	  of	  
Science	   (SC),	  accessed	  by	  user	  proposals.	  Two	  center	  on	  neutron	  scattering:	  1)	   the	  Spallation	  Neutron	  
Source	  (SNS),	  and	  2)	  the	  High	  Flux	   Isotope	  Reactor	   (HFIR).	  These	  are	  open	  to	  and	  used	  by	  researchers	  
from	  other	  labs,	  academia	  and	  industry.	  Together,	  SNS	  and	  HFIR	  are	  leading	  neutron	  scattering	  facilities	  
in	   the	   country	   and	   are	   used	   to	   characterize	   a	   wide	   variety	   of	   materials	   including	   structural	   and	  
functional	   materials,	   polymers	   and	   even	   in	   structural	   biology.	   	   The	   Center	   for	   Nanophase	   Materials	  
Science	  (CNMS)	  is	  another	  DOE	  SC	  user	  facility	  that	  offers	  collaborative	  opportunities	  with	  the	  center’s	  
experts	   in	  materials	  synthesis,	  nano	  fabrication,	  materials	  characterization	  and	  theory.	  Finally,	  the	  Oak	  
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Ridge	  Leadership	  Computing	  Facility	   (OLCF)	   is	   the	  fourth	  DOE	  SC	  user	  facility	  that	  provides	  world-‐class	  
leadership	  high	  performance	  computing	  to	  the	  nation’s	  scientific	  community.	  ORNL	  also	  has	  other	  four	  
other	  user	   facilities	   supported	  by	  DOE’s	  Office	  of	  Energy	  Efficiency	  and	  Renewable	  Energy	   (EERE):	   the	  
National	   Transportation	   Research	   Center	   (NTRC),	   the	   Buildings	   Technology	   Research	   and	   Integration	  
Center	   (BTRIC),	   the	   Manufacturing	   Demonstration	   Facility	   (MDF),	   and	   the	   Carbon	   Fiber	   Technology	  
Facility	  (CFTF).	  
	  

Jeff	   Nichols	   said	   that	   the	   ORNL	   OLCF	   is	   sponsored	   by	   the	   Office	   of	   Science	   Advanced	   Scientific	   and	  
Computing	  Research	  (ASCR)	  office.	  The	  currently	  installed	  high	  performance	  computer	  (HPC)	  is	  Titan	  and	  
calculates	  at	  27	  petaflops	  (27	  quadrillion	  operations	  per	  second).	  	  Titan	  is	  the	  most	  powerful	  HPC	  system	  
for	  open	  science	  in	  the	  nation	  and	  the	  second	  most	  powerful	  in	  the	  world.	  	  Access	  is	  granted	  through	  a	  
peer	   review	  proposal	   process	   the	   INCITE	   (Innovative	   and	  Novel	   Computational	   Impact	   on	   Theory	   and	  
Experiment)	   program,	   the	   ASCR	   Leadership	   Computing	   Challenge	   (ALCC)	   and	   the	   OLCF	   Director’s	  
Discretionary	  program.	  INCITE	  allocates	  60%	  of	  Titan	  to	  teams	  of	  users	  for	  the	  most	  complex	  computing	  
challenges.	   ALCC	   allocates	   30%	   of	   Titan	   for	   problems	   important	   to	   DOE.	   The	   director’s	   discretionary	  
allocations	   are	   for	   new	   communities	   of	   users:	   those	   needing	   to	   scale	   up	   to	   compete	   for	   ALCC	   and	  
INCITE,	  and	  to	  further	  programs	  that	  grow	  applications	  important	  to	  ORNL	  and	  DOE.	  	  
	  

Bill	   Peter	   said	   that	   the	  Manufacturing	   Demonstration	   Facility	   (MDF)	   is	   five	   years	   old	   and	   is	   a	   public-‐
private	   partnership	   (PPP)	   sponsored	   by	   DOE	   EERE.	   Through	   a	   cost	   share	   program,	   the	  MDF	   provides	  
industry	   with	   affordable	   and	   convenient	   access	   to	   facilities,	   tools	   and	   expertise	   to	   facilitate	   rapid	  
deployment	   of	   advanced	   manufacturing	   technologies	   to	   enhance	   the	   competitiveness	   of	   U.S.	  
manufacturing.	   The	   MDF	   hosts	   approximately	   5,000	   core	   R&D	   visits	   a	   year	   in	   projects	   addressing	  
advanced	   materials,	   quality	   of	   parts	   and	   faster	   printers.	   In	   addition,	   the	   MDF	   hosts	   60-‐70	   summer	  
interns	   and	   helps	   drive	   curriculum	   for	   professional	   development.	   For	   example,	   the	   MDF	   provided	  
training	  to	  help	  Boeing	  design	  for	  additive	  manufacturing.	  
	  

Roderick	   Jackson	   said	   that	   ORNL	   supports	   collaboration	   and	   rapid	   innovation	   in	   new	   building	  
technologies.	  The	  Additive	  Manufacturing	  Integrated	  Energy	  (AMIE)	  demonstration	  led	  the	  development	  
of	  a	  3D	  printed	  house	  and	  a	  car,	  both	  capable	  of	  sharing	  power	  together	  through	  bidirectional	  wireless	  
technology	  for	  more	  energy	  efficiency.	  The	  house,	  powered	  through	  solar	  energy,	  is	  able	  to	  draw	  power	  
from	  the	  car	  when	  the	  sun	  is	  not	  shining.	  This	  research	  was	  only	  possible	  through	  industry	  collaboration.	  	  
	  

Question	  1.	  Michelle,	  describe	  ORNL’s	  unique	  capabilities	  in	  neutron	  scattering	  and	  nanoscale	  science	  
and	   technology.	   How	   can	   these	   facilities	   help	   industry?	   How	   does	   ORNL	   assist	   industry	   in	  
understanding	   the	   capabilities	   and	   facilitating	   access?	   	  Michelle	   Buchanan	   said	   that	   both	   SNS	   and	  
CNMS	   work	   closely	   to	   bring	   companies	   to	   facilities	   and	   introduce	   them	   to	   capabilities.	   They	   have	  
workshops	  about	  research	  activities	  in	  catalysis,	  photovoltaics,	  polymers,	  and	  many	  other	  applications.	  
They	  welcome	   industry	   inquiries.	   Instead	  of	  simply	  sending	  samples	  to	  be	  characterized	  by	  the	  CNMS,	  
companies	  will	  visit,	  discuss	  what	  they	  want	  to	  do,	  and	  then	  write	  a	  proposal.	  	  For	  example,	  a	  company	  
wanted	  to	  characterize	  holes	  engineered	  in	  sheet	  graphene,	  and	  ORNL	  helped	  them	  with	  world-‐leading	  
imaging	   techniques.	   They	  worked	  with	   firms	   to	   characterize	   polymers,	   and	   even	   synthesize	   polymers	  
labeled	  with	  deuterium	   that	  were	   subsequently	   characterized	  at	   the	  SNS.	   They	   suggest	   that	  potential	  
users	   reach	  out	   to	   the	  SNS/HFIR	  and	   the	  CNMS	   to	   learn	  more	  about	   capabilities,	   getting	   to	  know	   the	  
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staff	   scientists.	   They	   also	   have	   unique	   capabilities	   to	   examine	   the	   structural	   aspects	   of	  materials	   and	  
alloys.	  They	  study	  them	  in	  situ	  with	  neutrons,	  look	  at	  them	  under	  high	  temperatures	  and	  pressures,	  and	  
evaluate	  materials	  for	  different	  applications.	  They	  can	  help	  predict	  the	  lifetime	  of	  a	  new	  material,	  which	  
is	  important	  to	  the	  aerospace	  industry.	  They	  invite	  companies	  to	  come	  or	  call	  the	  lab.	  

Question	  2.	  Jeff,	  computing	  power	  has	  increased	  by	  more	  than	  a	  factor	  of	  10	  in	  the	  past	  5	  years,	  and	  
will	  increase	  by	  another	  factor	  of	  100	  by	  2022.	  This	  is	  a	  1,000-‐fold	  increase	  in	  10	  years.	  What	  impact	  
does	  this	  have	  on	  the	  potential	  for	  modeling	  and	  simulation	  of	  complex	  systems	  and	  processes?	  How	  
does	   ORNL	   help	   companies	   benefit	   from	   this?	   Jeff	   Nichols	   said	   they	   have	   gone	   from	   the	   Jaguar	  
supercomputer	  system	  at	  2	  petaflops	  to	  Titan	  at	  27	  petaflops	  –	  and,	  hopefully	  in	  2022	  the	  first	  exascale	  
supercomputer	   (1018,	   or	   1	   quintillion,	   operations	   per	   second).	   They	   will	   have	   1,000	   times	   more	  
performance	  –	  faster	  than	  Moore’s	  law	  predicts.	  This	  is	  a	  great	  example	  of	  innovation	  by	  the	  computing	  
industry.	  They	  are	  using	  graphical	  processing	  units	   (GPUs)	   in	   supercomputers	   to	  get	  10X	  performance	  
increase	   while	   using	   same	   power.	   That	   innovation	   came	   from	   the	   gaming	   industry.	   This	   1,000x	  
performance	  increase	  at	  the	  high	  end	  in	  the	  supercomputing	  center	  will	  trickle	  down.	  For	  example,	  a	  cell	  
phone	   is	   500	  MFLOPs	  of	   computer	   capability.	  A	   few	  years	   ago,	   that	  was	   the	  power	   in	   a	   leading	  edge	  
supercomputer.	   Applications	   that	   have	   to	   run	   at	   scale	   on	   large	   systems	  will	   also	   now	   run	   on	   smaller	  
industry	  systems.	  All	  the	  tools	  and	  applications	  developed	  are	  open	  source.	  Extensive	  training	  is	  offered.	  	  

Audience	  Member	  Q&A.	  Are	  the	  labs	  driving	  the	  computer	  innovation	  described,	  or	  is	  industry	  coming	  
up	  with	   it?	   Jeff	  Nichols	   responded	   that	   their	  next	  machine	  has	  a	  power	   target	  of	  20	  MW.	  They	  need	  
fundamental	   scientific	   breakthroughs	   to	   achieve	   this	   power	   window.	   They	   need	   innovation	   in	  
microelectronics	   in	   memory	   logic,	   circuit	   design,	   etc.	   They	   expect	   a	   1,000-‐fold	   increase	   not	   just	   in	  
hardware,	  but	  also	  in	  software	  performance.	  They	  need	  to	  program	  in	  CUDA	  to	  use	  GPUs,	  and	  they	  need	  
advances	  in	  associated	  languages	  and	  tools.	  Next	  generation	  software	  developers	  are	  needed.	  	  	  

Audience	  Member	  Q&A.	  When	  will	   there	   be	   a	   27	   petaflop	   smart	   phone?	   Jeff	   Nichols	   said	   that	   cell	  
phones	  will	  be	  at	  teraflops	  when	  there	  are	  exascale	  supercomputers.	  	  

Audience	  Member	  Q&A.	  Are	  there	  any	  breakthroughs	  in	  quantum	  computing?	  Jeff	  Nichols	  noted	  it’s	  
closer	   than	  ever,	  but	   that	   this	   technology	   is	  not	   like	  CMOS	  technologies.	  The	  science	   today	  won’t	   run	  
wholly	   on	   quantum	   computers.	   He	   guesses	   that	  when	   there	   are	   quantum	   computers	   in	   10-‐15	   years,	  
they	   will	   run	   with	   in-‐house	   systems.	   Moore’s	   law	   is	   ending	   sooner	   than	   expected.	   Expect	   exascale	  
systems	  in	  2022,	  but	  know	  that	  the	  fundamental	  limits	  of	  physics	  are	  being	  reached.	  	  	  	  

Question	   3.	   Bill,	   ORNL’s	   Manufacturing	   Demonstration	   Facility	   is	   the	   nation’s	   premier	   facility	   for	  
additive	   manufacturing	   R&D,	   currently	   partnering	   with	   more	   than	   80	   companies	   to	   advance	   this	  
field.	   	  What	   do	   you	   see	   as	   the	   emerging	   opportunities	   in	   additive	   manufacturing,	   and	   how	   can	  
industry	   get	   involved?	   Bill	   Peter	   said	   that	   additive	   manufacturing	   has	   huge	   potential,	   but	   is	   still	  
embryonic.	   ORNL	   is	   working	   with	   industry,	   but	   is	   also	   pulling	   putting	   together	   a	   computational	  
framework.	   They	   are	   working	   with	   industry	   to	   discover	   new	   materials	   for	   parts.	   There	   are	   terrific	  
opportunities	   for	   industry	   to	   collaborate.	   For	   example,	   DOE	  will	   fund	   an	   initial	   project	   up	   to	   $40,000	  
with	   in-‐kind	   contribution.	   If	   the	   project	   is	   successful,	   DOE	  will	   provide	   up	   to	   an	   additional	   $200,000.	  
They	   have	   done	   50	   of	   these	   so	   far.	   There	   are	   also	   opportunities	   for	   firms	   below	   300	   people.	   DOE	  
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provides	   funding	   to	   pay	   for	   lab	   expertise.	   They	   also	   participate	   in	   a	   DOE-‐funded	   Technologist-‐in-‐
Residence	  program	  with	  Alcoa.	  The	  lab	  (ORNL)	  and	  Alcoa	  each	  assign	  a	  technology	  expert	  to	  work	  at	  the	  
other’s	  sites.	  Companies	  can	  also	  fund	  ORNL	  to	  do	  special	  projects	  for	  them.	  They	  did	  approximately	  $5	  
million	  of	  this	  kind	  work	  in	  2015.	  
	  

Question	  4.	  Roderick,	  the	  Additive	  Manufacturing	  Integrated	  Energy	  (AMIE)	  project	  demonstrated	  the	  
agility	   of	   a	   national	   lab/industry	   partnership	   to	   deliver	   innovation	   in	   a	   prototype	   integrated	  
transportation,	   housing,	   and	   renewable	   energy	   system	   using	   additive	   manufacturing.	   This	   was	  
accomplished	  in	  less	  than	  9	  months	  through	  a	  partnership	  with	  20	  companies.	  How	  was	  this	  done,	  and	  
what	   are	   the	   implications	   for	   future	   innovation	   in	   energy	   systems?	   Roderick	   Jackson	   said	   that	   the	  
beauty	   of	   this	   project	   was	   that	   they	   leveraged	   convening	   capability	   to	   bring	   together	   people	   from	  
different	   industries	   and	   research	   areas	   in	   ORNL	   (building	   technologies,	   transportation,	   and	   power	  
electronics)	   to	   collaborate.	   It	   worked	   because	   they	   had	   an	   innovative	   project	   coupled	   with	   the	   lab	  
supporting	  risk	  that	  industry	  couldn’t	  assume.	  They	  reduced	  by	  40%	  the	  time	  to	  print	  the	  house	  and	  car	  
and	   show	   how	   they	   related	   to	   the	   electrical	   grid.	   Clayton	   Homes,	   one	   of	   the	   participants,	   has	   now	  
started	  their	  own	  R&D	  program	  as	  a	  result.	  They’ve	  helped	  create	  an	  ecosystem	  with	  these	  partners	  that	  
didn’t	  exist	  before.	  	  
	  

Question	   5.	   Innovation	   is	   driven	   by	   partnerships.	   Tell	   us	   some	   other	   examples	   of	   partnership	  
successes.	  Bill	  Peter	  said	  that	  they	  work	  with	  650	  firms	  a	  year.	  For	   instance,	  the	  die	  and	  tool	   industry	  
lost	  375	  firms,	  and	  manufacturing	  without	  companies	  that	  make	  the	  dies	  and	  molds	  is	  impossible.	  	  Now,	  
ORNL	  is	  exploring	  how	  they	  can	  provide	  rapid	  prototyping	  in	  this	  area.	  It’s	  approximately	  $250,000	  for	  a	  
new	   die	   tool.	   They	   hope	   to	   reduce	   this	   cost	   with	   new	   materials.	   They	   are	   also	   investigating	   new	  
materials	   for	   equipment	   manufacturers.	   Jim	   Roberto	   said	   that	   ORNL	   is	   a	   translational	   lab:	   half	   to	  
engineering,	   half	   fundamental	   science.	   Applications	   inform	   fundamental	   science	   and	   fundamental	  
science	   informs	   the	   applications	   development.	  Michelle	   Buchanan	  noted	   that	  many	   companies	   don’t	  
have	   the	  high	   level	   tools	   to	  do	   the	   fundamental	  science	  and	  produce	  breakthroughs	   they	  need.	  ORNL	  
has	  unique	  tools,	  and	  experts	  who	  know	  how	  to	  use	  them	  -‐	  such	  as	  electron	  microscopy	  and	  scanning	  
probes	  used	  in	  situ	  to	  evaluate	  electrochemical	  processes	  involved	  in	  batteries	  and	  corrosion.	  Industry	  
typically	  does	  not	  have	  these	  state-‐of-‐the-‐art	  tools	  to	  solve	  problems.	  	  Several	  years	  ago,	  ORNL	  solved	  a	  
critical	   issue	   for	  a	   leading	  auto	   firm	   that	  had	  a	  problem	  with	  a	  welded	  part.	   The	   firm	  shipped	   the	  car	  
frame	  to	  ORNL,	  and	  they	  were	  able	  to	  determine	  what	  was	  wrong	  with	  the	  weld.	  Jeff	  Nichols	  said	  they	  
provide	  many	  applications,	  from	  fundamental	  science	  to	  high	  the	  applied	  science.	  Roderick	  Jackson	  said	  
that	  they	  want	   industry	  to	  know	  they	  are	  approachable.	  As	  they	   learn	   industry’s	  pain	  points,	   they	  can	  
provide	  better	  guidance.	  
	  
PANEL	  4:	  TECH	  TO	  MARKET	  INNOVATIONS	  	   	   	   	   	   	   	   	   	  
Dr.	  Mark	   Johnson	   (Director,	   Advanced	   Manufacturing	   Office,	   U.S.	   DOE)	   moderated	   this	   session,	   and	  
Emily	  Clark	   (PhD	  Candidate,	  The	  Bredesen	  Center,	  UT	  Knoxville),	  took	  notes.	  Panelists	   included:	  Major	  
General	  Nick	  Justice	   (Executive	  Director,	  NNMI	  Power	  America	  at	  North	  Carolina	  State	  University);	  Dr.	  
Craig	  Blue	  (Director,	  NNMI	  IACMI	  at	  UT/ORNL);	  Fred	  Cartwright	  (Director,	  CU-‐ICAR);	  Dr.	  Johney	  Green	  
(Director,	   Energy	   and	   Transportation	   Science,	   ORNL);	   and	   Jay	   Rogers	   (CEO	   and	   Co-‐Founder,	   Local	  
Motors).	  Mark	  Johnson	  opened	  the	  panel	  by	  noting	  that	  regional	  focus	  on	  manufacturing	  is	  not	  a	  new	  
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thing	   for	   the	   U.S.	   He	   said	   that	   the	   founding	   fathers	   supported	   manufacturing,	   and	   that	   the	   U.S.	   has	  
tremendous	  scientific	  and	  innovative	  capacity.	  	  

Question	  1:	   Jay,	  what	  makes	  science	  and	  technology	  partnerships	   for	  manufacturing	  work	  well?	   Jay	  
Rogers	   answered	   by	   saying	   that	   doing	   and	   engaging	   are	   critical	   precursors	   to	   making	   a	   strong	   local	  
industry	   innovation	   ecosystem.	   Local	  Motors	  was	   attracted	   and	   inspired	   by	   the	  ORNL	  Manufacturing	  
Development	   Facility	   (MDF).	   The	   act	   of	   doing	   was	   really	   important	   to	   them,	   and	   continues	   to	   be	   a	  
driver.	  	  

Audience	   Member	   Q&A.	   Pete	   Hoffman,	   Boeing,	   had	   a	   comment	   for	   Jay.	   He	   noted	   they	   have	   had	  
positive	   experiences	   working	   with	   the	   MDF	   at	   Oak	   Ridge.	   He	   said	   that	   Boeing	   has	   optimized	  
manufacturing	  processes	  to	  the	  point	  where	  interruption	  isn’t	  tolerated.	  Their	  production	  rates	  are	  very	  
high	  for	  aerospace	  standards	  and	  going	  higher.	  So,	  the	  ability	  to	  work	  in	  a	  facility	  doing	  high-‐level	  work,	  
underpinned	  by	  good	  theory	  (and	  de-‐risking	  these	  new	  processes	  before	  they	  show	  up	  on	  the	  floor)	   is	  
highly	   valuable.	   Another	   attractive	   feature	   of	   their	   partnership	   is	   that	   the	   labs	   have	   the	   latest	  
equipment.	  Boeing	  is	  able	  to	  see	  what’s	  next,	  and	  consider	  it	  in	  terms	  of	  buying	  and	  leasing.	  The	  speed	  
of	  change	  is	  so	  dramatic	  that	  having	  a	  place	  that	  stays	  on	  the	  cutting	  edge	  really	  changes	  the	  business	  
model.	  Mark	  Johnson	  added	  that	  one	  of	  the	  interesting	  things	  to	  watch	  is	  the	  number	  of	  machine	  and	  
equipment	  manufacturers	  that	  are	  starting	  PPPs.	  The	  competitive	  advantage	  is	  evident.	  	  

Question	   2:	   Fred,	   share	   your	   experience	   with	   establishing	   public-‐private	   partnerships	   between	  
industry	  and	  university.	  Fred	  Cartwright	  said	  that	  he	  has	  seen	  an	  incredible	  amount	  of	  vision	  for	  PPPs	  in	  
South	  Carolina.	   SC	  was	   a	   leader	   in	   the	   textile	   industry	   for	   a	   long	   time,	   but	   no	  more.	   They	  needed	   to	  
redefine	   the	   state	   as	   a	   whole,	   so	   they	   put	   money	   into	   infrastructure	   and	   faculty	   to	   reinvigorate	   the	  
economy.	  The	  automotive	  sector	  was	  in	  the	  middle	  of	  a	  partnership	  between	  government,	  industry	  and	  
the	  university.	  Over	  300	  students	  graduated	  in	  automotive	  engineering	  in	  2015.	  	  

Question	  3:	  Johney,	  what	  does	  your	  organization	  do,	  and	  how	  are	  you	  partnering	  up	  with	  people	  to	  
drive	   economic	   development?	   Johney	   Green	   said	   that	   ORNL	   has	   a	   collection	   of	   mechanical	   and	  
chemical	   engineers,	   and	   functional	   materials	   scientists	   that	   work	   on	   building	   energy	   efficiency,	  
manufacturing	   efficiency,	   transportation,	   and	   energy	   systems	   integration	   –	   all	   working	   closely	   with	  
industry.	   They	   have	   four	   user	   facilities:	   1)	   National	   Transportation	   Research	   Center;	   2)	   Building	  
Technologies	  and	  Research	  and	  Integration	  Center;	  3)	  Manufacturing	  Demonstration	  Facility;	  and	  4)	  the	  
Carbon	   Fiber	   Technology	   facility.	   This	   gives	   them	   a	   great	   set	   of	   tools	   to	   engage	  with	   industry	   across	  
multiple	  platforms.	  For	  instance,	  they	  partnered	  with	  Emerson	  to	  develop	  a	  cold	  climate	  heat	  pump,	  and	  
with	  GE	  to	  produce	  an	  efficient	  heat	  pump	  water	  heater.	  It	  has	  created	  over	  1,000	  jobs	  in	  Louisville,	  KY.	  
Other	  examples	  include	  development	  of	  power	  electronics	  in	  the	  Chevy	  Volt,	  3D	  printing	  with	  invertors	  
for	  power	  electronics	  and	  wind	  turbines,	  and	  power	  flow	  control	  devices	  for	  the	  grid.	  	  

Question	   4:	   Craig,	   share	   your	   experiences	   in	   standing	   up	   those	   public-‐private	   partnerships	   and	  
partnering	  with	  industry.	  Craig	  Blue	  noted	  he	  is	  the	  former	  director	  of	  MDF.	  They	  polled	  industry	  and	  
asked	  what	  they	  needed	  to	  be	  successful.	  They	  needed	  infrastructure	  in	  close	  proximity	  to	  where	  they	  
actually	  manufacture.	  The	  best	  form	  of	  tech-‐transfer	   is	  people.	   Informed	  by	  the	  three	  top	  DOE	  energy	  
priorities:	  automotive,	  wind,	  and	  compressed	  gas	  storage,	  they	  went	  to	  car	  manufacturers.	  They	  went	  to	  
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universities.	  They	  worked	  side-‐by-‐side	  with	  UT	  and	  ORNL,	  and	  partnered	  with	  university,	  industry,	  local	  
community	   colleges	   and	  national	   labs.	   Then,	   they	   started	   looking	   further.	   In	  order	   to	  be	   competitive,	  
they	  need	  an	  integrated	  supply	  chain.	  	  

Question	   5:	   Nick,	   share	   your	   experience	   where	   you	   are	   standing	   up	   an	   institute	   in	   an	   academic	  
environment.	  Nick	  Justice	  said	  that	  one	  of	  the	  things	  that	  was	  a	  surprise	  to	  him	  was	  that	  the	  business	  
cycle	  is	  so	  critical	  as	  a	  partnership	  driver.	  Oftentimes	  the	  government	  doesn’t	  understand	  this.	  Learning	  
the	  business	  development	  cycle	  was	  a	   tremendous	  asset	   to	  him.	  When	   the	  DOE	  secretary	  announced	  
the	  quadrennial	  energy	  review,	  it	  provided	  strategic	  focus	  to	  start	  setting	  long-‐term	  goals.	  It	  focused	  the	  
work.	  Demystifying	  and	  making	  work	  accessible	  is	  important.	  	  

Question	   6:	   Fred,	   how	   has	   ICAR	   changed	   Clemson?	   Fred	   Cartwright	   said	   that	   a	   lot	   of	   university	  
leadership	  is	  interested	  in	  having	  a	  relationship	  with	  industry.	  It	  has	  become	  part	  of	  the	  DNA.	  Clemson	  
students	  know	  they	  can	  build	  professional	  relationships	  that	  will	  allow	  them	  to	  stay	  local	   if	  they	  want.	  
They	  know	  there	  are	  20	  local	  companies	  funding	  over	  80%	  of	  the	  university’s	  research.	  	  

Question	   7:	   Jay,	   your	   company	   is	   trying	   to	   innovate	   faster	   than	   anyone	   else	   by	   working	   with	   a	  
national	  lab	  and	  university.	  How	  has	  that	  interaction	  pushed	  your	  company	  forward?	  Jay	  Rogers	  said	  
that	  he	  and	  Nick	  started	  in	  the	  military.	  The	  innovation	  for	  hardware	  there	  is	  very	  different	  from	  what	  
was	  seen	  for	  20	  years	   in	  Silicon	  Valley.	  When	  they	  considered	  PPPs,	  they	  knew	  that	  there	  were	  heavy	  
lifts	  to	  be	  done.	  There	  is	  an	  antiquated	  image	  that	  low	  technology	  readiness	  level	  items	  are	  handled	  at	  
national	  labs,	  and	  that	  companies	  drive	  market	  transformation.	  In	  the	  southeast,	  there	  is	  a	  strong	  group	  
of	   people	   each	   doing	   their	   own	   things,	   but	   all	   of	   the	  work	   represented	  on	   this	   panel	   is	   related.	  Nick	  
Justice	  noted	  that	  PPPs	  are	  messy.	  Oftentimes,	  people	  may	  have	  started	  in	  the	  lab	  but	  then	  moved	  into	  
industry.	  There	  are	  different	  sectors	  and	  priorities.	  	  

Question	  8:	   Is	   there	  an	  equation	   for	  PPPs?	  What	  are	   the	  key	  elements	   that	  make	   them	  work?	  Nick	  
Justice	  said	  that	  it	  starts	  with	  an	  idea.	  Then,	  people	  have	  to	  be	  able	  to	  take	  the	  risk.	  Not	  everything	  will	  
be	  successful.	  Craig	  Blue	  agreed.	  Local	  Motors	  agreed	  to	  have	  a	  printed	  car	  in	  less	  than	  a	  year,	  and	  the	  
printer	  didn’t	  even	  exist.	  So,	  ORNL,	  Cincinnati	  Inc.	  and	  others	  developed	  the	  printer,	  the	  control	  system,	  
and	  the	  materials	  in	  support	  of	  the	  Local	  Motors	  concept.	  There	  were	  challenges,	  but	  the	  people	  at	  the	  
MDF	  could	  access	  tools	  at	  ORNL	  to	  address	  them.	  	  

Question	   9:	   Johney,	   do	   these	   projects	   actually	   change	   the	   lab	   themselves?	   Johney	  Green	  answered	  
that	  the	  house	  project	  was	  a	  forcing	  function:	   it	  was	  a	  step	  beyond	  what	  they	  did	  with	  the	  car.	  These	  
projects	  have	  all	  changed	  the	  lab;	  they	  opened	  new	  innovation	  and	  partner	  models.	  Traditional	  work	  is	  
inside	  the	  box.	  Open	  Innovation	  1.0	   is	  outside	  the	  box.	  Open	  Innovation	  2.0	  has	  no	  box.	  That	  changes	  
the	  way	  ORNL	  works.	   Getting	   20	   partners	   to	   do	   something	  within	   9	  months	   is	   unheard	   of.	   It	   rapidly	  
changed	  how	   the	   lab	  worked	   internally	   as	  well	   as	  with	   industry.	  Nick	   Justice	  noted	   that	   sometimes	  a	  
thing	  can	  work	  in	  a	  lab,	  but	  there’s	  no	  connection	  to	  marketing	  it.	  Innovation	  centers	  have	  to	  include	  the	  
public	  and	  business	  sectors.	  Mark	  Johnson	  said	  that	  applied	  problems	  challenge	  known	  science.	  	  

Question	  10:	  What	  are	  the	  next	  things	  to	  think	  about?	  Fred	  Cartwright	  said	  that	  we	  need	  to	  realize	  a	  
focus	  on	  manufacturing	  in	  the	  southeast.	  Most	  companies	  are	  owned	  by	  foreign	  entities.	  A	  challenge	  to	  
focus	  on	   is	  to	  make	  sure	  there	  are	  strong	  relationships	  developed	  with	  decision	  makers.	  Trying	  to	  pull	  
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this	   consortium	  or	  pull	   this	   region	   together	   is	   incredibly	   important,	  but	  difficult.	  Mark	   Johnson	  noted	  
that	   regional	   ecosystems	   can	   add	   strength.	  Mark	   Johnson	  noted	   that	   Chinese	   companies	   are	  moving	  
here	  because	  they	  can	  be	  more	  innovative	  in	  the	  U.S.	  Fred	  Cartwright	  said	  there’s	  more	  foreign	  direct	  
investment	  per	  capita	  in	  SC	  than	  any	  other	  state,	  but	  also	  more	  foreign	  direct	  investment	  in	  total	  than	  
any	  other	  state.	  Mark	  Johnson	  asked	  how	  to	  expand	  that	  to	  the	  entire	  southeast.	  	  

Question	  11:	  Jay,	  you	  are	  talking	  to	  people	  around	  the	  world	  about	  your	  model	  now.	  What	  have	  you	  
learned	  that	  is	  worth	  doing	  again?	  Jay	  Rogers	  said	  it’s	  not	  a	  win	  in	  one	  place	  and	  a	  lose	  in	  another.	  He	  
notes	  that	  for	  knowledge	  transfer,	  a	  researcher	  can’t	  always	  come	  to	  industry.	  Sometimes	  industry	  has	  
to	  go	  to	  the	  researcher.	  He	  notes	  that	  there’s	  a	  lot	  of	  innovation	  at	  UT	  and	  ORNL,	  and	  that	  there	  will	  be	  
an	  evolution	  in	  how	  it	  is	  tapped	  over	  time.	  Mark	  Johnson	  said	  that	  this	  is	  a	  global	  race,	  and	  that	  there	  is	  
a	  cauldron	  of	  ideas	  in	  the	  U.S.	  and	  a	  desire	  to	  experiment.	  Craig	  Blue’s	  perspective	  was	  that	  the	  proper	  
ecosystem	  and	  infrastructure	  determines	  the	  speed	  of	   innovation.	  They	  have	  set	  records	  working	  with	  
Local	  Motors.	   It’s	   important	   to	   create	   an	   environment	  where	   it’s	   easy	   to	  work	   together.	  Nick	   Justice	  
noted	  three	  generations	  of	  infrastructure:	  the	  bleeding	  edge,	  the	  systems	  in	  use,	  and	  the	  legacy	  systems	  
that	  aren’t	  yet	  abandoned.	  He	  wants	  to	  think	  about	  how	  to	  improve	  or	  remove	  legacy	  systems,	  noting	  
that	  the	  ecosystem	  is	  a	  life	  cycle	  over	  time.	  Mark	  Johnson	  said	  that	  many	  recent	  projects	  at	  the	  national	  
labs	  have	   to	  do	  with	   legacy	   industries,	   such	  as	   the	  pulp/paper	  and	   the	  steel	   industries.	   Johney	  Green	  
said	  that	  one	  of	  the	  things	  needed	  to	  drive	  messy,	  complex	  innovation	  environments	  is	  not	  just	  the	  win-‐
win,	  but	  the	  win-‐more.	  The	  power	  of	  collaboration	  and	  shared	  vision	  breaks	  down	  barriers.	  	  

Jay	  Rogers	  offered	  a	  closing	  comment:	   there	   is	  a	   crisis	  of	   capital	   in	   this	   country.	  The	  government	  has	  
been	   a	   source	   of	   last	   resort	   capital.	   Private	   capital	   hasn’t	   really	   stepped	   in.	   Some	   private	   individuals	  
have,	  but	   investment	  funds	  need	  a	  different	  structure.	  There’s	  a	  respect	  for	   long-‐term	  capital	   in	  other	  
countries,	   but	   here	   in	   the	   U.S.,	   investors	   want	   to	   see	   profit	   in	   3-‐5	   years.	   Until	   acknowledging	   that	  
sometimes	  innovation	  takes	  longer,	  the	  discussion	  can’t	  become	  robust	  and	  empowering.	  Venture	  funds	  
need	  to	  be	  able	  to	  accept	  a	  longer	  return	  for	  something	  that	  will	  be	  highly	  competitive	  and	  have	  a	  large	  
margin.	  Until	  then,	  a	  critical	  ingredient	  is	  missed.	  

CONCLUDING	  OBSERVATIONS	  
Dr.	   Taylor	   Eighmy,	   Vice	   Chancellor	   for	   Research	   and	   Engagement	   at	   UT	   Knoxville	   provided	   summary	  
remarks.	  He	  thanked	  the	  attendees	  for	  making	  time	  to	  come	  to	  Chattanooga	  on	  such	  short	  notice.	  He	  
extended	   his	   appreciation	   to	   all	   the	   panelists	   for	   their	   excellent	   contributions	   to	   the	   discussion.	   He	  
thanked	  staff	  at	  the	  university	  and	  at	  ORNL	  for	  organizing	  the	  meeting	  and	  making	  it	  a	  success.	  He	  also	  
thanked	  Kimberly	  Rasar,	  Associate	  Deputy	  Under	  Secretary	  for	  Science	  and	  Technology,	  for	  the	  critical	  
role	  that	  she	  and	  her	  staff	  and	  the	  Secretary’s	  office	  provided	  around	  meeting	  planning.	  	  

Before	   beginning	   his	   remarks,	   Dr.	   Eighmy	   noted	   that	   the	   podium	   on	   the	   dais	   was	   printed	   on	   the	  
Cincinnati	   Inc.’s	   Big	   Area	   Additive	   Manufacturing	   Machine	   (BAAM)	   at	   ORNL’s	   Manufacturing	  
Demonstration	  Facility	  (MDF).	  The	  podium	  was	  to	  be	  used	  when	  President	  Obama	  announced	  the	  award	  
of	  the	  Composites	  Institute—a	  manufacturing	  innovation	  institute	  member	  of	  the	  National	  Network	  for	  
Manufacturing	  Innovation—	  to	  UT	  Knoxville	  in	  January	  2015.	  The	  podium	  was	  made	  using	  a	  carbon	  fiber	  
composite	   developed	   at	   ORNL	   with	   the	   same	   BAAM	   technology	   that	   was	   used	   to	   make	   the	   Local	  
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Motor’s	  Strati	  and	  the	  ORNL	  Shelby	  Cobra.	  Both	  vehicles	  were	  developed	  with	  rapid	  innovation	  and	  this	  
concept—rapid	   innovation	   in	   support	   of	   an	   ecosystem—is	   proving	   critical	   to	   the	   East	   Tennessee	  
advanced	  manufacturing	  ecosystem	  that	  was	  attracting	  companies	  like	  Local	  Motors	  to	  the	  region.	  

Mark	  Muro	  of	  the	  Brookings	  Institution	  provides	  context	  for	  successful	  regional	  ecosystems.	  He	  hosted	  
an	  event	  in	  the	  fall	  of	  2015	  at	  ORNL	  with	  regional	  innovators	  around	  how	  to	  keep	  innovation	  stick	  within	  
the	  ecosystem	  (see	  this	  link	  for	  the	  Brookings	  context).	  He	  followed	  with	  five	  specific	  recommendations	  
about	  how	  to	  enhance	  stickiness	  (see	  this	  link	  for	  more):	  

1. Local	  context	  is	  critical	  but	  first	  it’s	  essential	  to	  maintain,	  and	  expand,	  federal	  R&D	  flows.
2. With	  that	  said,	  “making	  innovation	  sticky”	  depends	  on	  strengthening	  local	  ecosystems.
3. Strengthening	   local	   ecosystems	   won’t	   succeed,	   though,	   if	   the	   effort	   doesn’t	   engage	   industry

priorities.
4. Authenticity	   matters;	   specificity	   matters.	   Multiple	   participants	   relatedly	   stressed	   that	   local

commercialization	  around	  local	  innovation	  hubs	  can	  only	  be	  accelerated	  by	  true	  relevance.
5. Place	  matters.

Eighmy	   noted	   that	   these	   five	   constructs	   were	   highly	   relevant	   as	   a	   model	   for	   consideration	   around	   a	  
southeast	  clean	  energy	  technology	  innovation	  hub.	  He	  also	  noted	  that	  the	  Composites	  Institute	  (see	  this	  
link	  for	  more),	  a	  $270M,	  250	  member,	  DOE	  NNMI,	  was	  an	  interesting	  model	  for	  the	  Southeast	  hub.	  The	  
Composites	   Institute	   is	   operated	  by	  a	  501c3	  not-‐for-‐profit	   established	  by	   the	  University	  of	   Tennessee	  
Research	  Foundation	  and	  it	  works	  closely	  with	  six	  states,	  180	  corporate	  members	  (small	  to	  very	  large),	  
and	  tens	  of	  universities	  to	  advance	  the	  regional	  composites	  manufacturing	  ecosystem	  in	  those	  six	  states.	  

Eighmy	   closed	   by	   sharing	   that	   a	   summary	   report	   would	   be	   prepared	   and	   distributed,	   along	   with	   an	  
attendance	   list.	   Finally,	   he	   offered	   that	   a	   follow-‐up	   meeting	   would	   be	   hosted	   by	   the	   University	   of	  
Tennessee,	  Knoxville	  and	  ORNL	  to	  further	  explore	  the	  southeast	  hub	  idea.	  
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APPENDIX	  1	  –	  Workshop	  Agenda	  
	  

Southeast	  Regional	  Energy	  Innovation	  Workshop	  
Hosted	  by	  the	  University	  of	  Tennessee,	  Knoxville	  and	  Oak	  Ridge	  National	  Laboratory	  

	  
8:00	  a.m.	   	   Arrivals	  and	  Registration	  
	  
9:00-‐9:45	  a.m.	   	   WELCOME	  
	  
Dr.	  Thom	  Mason,	  Director,	  ORNL,	  Convener	  
Mayor	  Andy	  Berke,	  City	  of	  Chattanooga	  
Dr.	  Joe	  DiPietro,	  President,	  University	  of	  Tennessee	  
Dr.	  Elizabeth	  Sherwood-‐Randall,	  Deputy	  Secretary,	  U.S.	  DOE	  
Congressman	  Chuck	  Fleischmann,	  3rd	  District	  of	  Tennessee	  
	  
9:45-‐10:45	  a.m.	   	   ENERGY	  INNOVATION	  INDUSTRY	  ROUNDTABLE	  
	  
Joe	  Hezir,	  Chief	  Financial	  Officer,	  U.S.	  DOE,	  Moderator 	  
Dr.	  Mo	  Khaleel,	  Director	  of	  Planning,	  ORNL,	  Rapporteur	  
	  

• Peter	  Hoffman,	  Vice	  President,	  Intellectual	  Property	  Management,	  Boeing	  Co.	  
• Dan	  Stout,	  Senior	  Manager,	  Small	  Modular	  Reactors,	  TVA	  
• Jason	  Swager,	  Manager	  R&D	  Electrical,	  VW	  Americas	  
• Nick	  Irvin,	  Program	  Manager,	  Advanced	  Energy	  Systems,	  Southern	  Company	  

	  
10:45-‐11:45	  a.m.	  ENERGY	  INNOVATION	  UNIVERSITY	  ROUNDTABLE	  
	  
Dr.	  Stacey	  Patterson,	  Associate	  Vice	  President	  for	  Research,	  University	  of	  Tennessee,	  Moderator 	  
Susanna	  Sutherland,	  PhD	  Candidate,	  The	  Bredesen	  Center,	  University	  of	  Tennessee,	  Knoxville	  Rapporteur	  
	  

• Dr.	  Jimmy	  Cheek,	  Chancellor,	  University	  of	  Tennessee,	  Knoxville	  
• Dr.	   Joanne	   Romagni,	   Vice	   Chancellor	   for	   Research	   and	   Dean	   of	   the	   Graduate	   School,	   University	   of	  

Tennessee,	  Chattanooga	  
• Dr.	  Timothy	  Lieuwen,	  Executive	  Director,	  Strategic	  Energy	  Insitite,	  Georgia	  Institute	  of	  Technology	  
• Dr.	  Tanju	  Karanfil,	  Vice	  President	  for	  Research,	  Clemson	  University	  
• Dr.	   Ray	   Vaughn,	   Vice	   President	   for	   Research	   and	   Economic	   Development,	   University	   of	   Alabama,	  

Huntsville	  
• Dr.	  David	  Kosson,	  Cornelius	  Vanderbilt	  Professor	  of	  Engineering,	  Department	  of	  Civil	  and	  Environmental	  

Engineering,	  Director	  of	  CRESP,	  Vanderbilt	  University	  
	  	  
11:45-‐12:30	  p.m.	  LUNCH	  
	  
12:30-‐12:45	  p.m.	  BREAK	  
	  
12:45-‐1:30	  p.m.	   	   PANEL	  1:	  ENTREPRENEURSHIP	  &	  GRADUATE	  EDUCATION	  TO	  DRIVE	  INNOVATION	  
	  
Dr.	   Lee	   Riedinger,	   Director,	   The	   Bredesen	   Center,	   University	   of	   Tennessee,	   Knoxville,	   Moderator  
Victoria	  DiStefano,	  PhD	  Candidate,	  The	  Bredesen	  Center,	  University	  of	  Tennessee,	  Knoxville,	  Rapporteur	  
	  

• Dr.	  Franklin	  (Lynn)	  Orr,	  Undersecretary	  for	  Science	  &	  Energy,	  U.S.	  DOE	  
• Mallory	  Ladd,	  PhD	  candidate,	  The	  Bredesen	  Center,	  University	  of	  Tennessee,	  Knoxville	  
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• Jeff	  Beegle,	  PhD	  Candidate,	  The	  Bredesen	  Center,	  University	  of	  Tennessee,	  Knoxville	  
• David	  Colloa,	  PhD	  Candidate,	  University	  of	  Tennessee,	  Chattanooga	  
• Anne	  Mallow,	  PhD	  Candidate,	  Georgia	  Institute	  of	  Technology	  
• Annette	  Bodenheimer,	  PhD	  Candidate,	  North	  Carolina	  State	  University	  

	  
1:30-‐2:30	  p.m.	   	   PANEL	  2:	  CLEAN	  ENERGY	  INNOVATIONS	  
	  
Cortney	  Piper,	  Tennessee	  Advanced	  Energy	  Business	  Council,	  Moderator 	  
Guin	  Shaw,	  PhD	  Candidate,	  The	  Bredesen	  Center,	  University	  of	  Tennessee,	  Knoxville,	  Rapporteur	  
	  

• Dr.	  Tom	  King,	  Director,	  Energy	  Efficiency	  and	  Electricity	  Programs,	  ORNL	  	  
• R.	  Platt	  Boyd	  IV,	  Founder	  and	  CEO,	  Branch	  Technologies	  
• David	  Wade,	  Executive	  Vice-‐President	  and	  Chief	  Operating	  Officer	  

	  
2:30-‐3:30	  p.m.	   	   PANEL	  3:	  LEVERAGING	  DOE	  CAPABILITIES	  TO	  DELIVER	  INNOVATION	  
	  
Dr.	  Jim	  Roberto,	  Associate	  Lab	  Director,	  Science	  and	  Technology	  Partnerships,	  ORNL,	  Moderator	  
Suzy	  Tichenor,	  Director,	  Industrial	  Partnerships	  Program,	  Computing	  &	  Computational	  Sciences,	  ORNL,	  Rapporteur	  
	  

• Dr.	  Jeff	  Nichols,	  Associate	  Laboratory	  Director,	  Computing	  and	  Computational	  Sciences,	  ORNL	  
• Dr.	  Michelle	  Buchanan,	  Associate	  Laboratory	  Director,	  Physical	  Sciences,	  ORNL	  
• Dr.	  Bill	  Peter,	  Director,	  Manufacturing	  Demonstration	  Facility,	  ORNL	  
• Dr.	  Roderick	  Jackson,	  Group	  Leader,	  Building	  Envelope	  Systems,	  ORNL	  

	  
3:30-‐3:45	  p.m.	   	   BREAK	  
	  
3:45-‐4:45	  p.m.	   	   PANEL	  4:	  TECH	  TO	  MARKET	  INNOVATIONS	  
	  
Dr.	  Mark	  Johnson,	  Director,	  Advanced	  Manufacturing	  Office,	  U.S.	  DOE,	  Moderator	  
Emily	  Clark,	  PhD	  Candidate,	  The	  Bredesen	  Center,	  University	  of	  Tennessee,	  Knoxville,	  Rapporteur	  
	  

• Major	  General	  Nick	  Justice,	  Executive	  Director,	  NNMI	  Power	  America	  at	  North	  Carolina	  State	  University	  
• Dr.	  Craig	  Blue,	  Director,	  NNMI	  IACMI	  at	  University	  of	  Tennessee/	  ORNL	  
• Fred	  Cartwright,	  Executive	  Director,	  CU-‐ICAR 	  
• Dr.	  Johney	  Green,	  Director,	  Energy	  and	  Transportation	  Science,	  ORNL	  
• Jay	  Rogers,	  CEO	  and	  Co-‐Founder,	  Local	  Motors	  

	  
4:45-‐5:15	  p.m.	   	   CLOSING	  REMARKS	  
	  
Dr.	  Taylor	  Eighmy,	  Vice	  Chancellor	  for	  Research	  &	  Engagement,	  University	  of	  Tennessee,	  Knoxville	   	  
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APPENDIX	  2	  –	  Workshop	  Participants	  
	  

First	  Name	  	   Last	  Name	  	   Title	   Organization	  

Christine	   Ajinjeru	   Bredesen	  Center	  Fellow	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Ian	   Anderson	  
Director,	  Graduate	  Education	  and	  University	  
Partnerships	   ORNL	  

Jon	   Barnwell	   Vice	  President	   One	  Scientific	  Inc.	  

Jeff	   Beegle	   PhD	  Candidate	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Jordan	   Bermudez	   Intern	   The	  Enterprise	  Center	  

Jamie	   Blessinger	   Development	  Assistant,	  Office	  of	  Corporate	  &	  
Foundation	  Engagement	   UT	  Foundation	  

Craig	   Blue	   CEO	   IACMI-‐The	  Composites	  Institute	  
Annette	   Bodenheimer	   PhD	  Candidate	   North	  Carolina	  State	  University	  
Mattie	   Bono	   Intern	   green|spaces	  
Platt	   Boyd	   Founder	  -‐	  CEO	   Branch	  Technology	  
Michelle	   Buchanan	   Associate	  Laboratory	  Director	  for	  Physical	  Sciences	   Oak	  Ridge	  National	  Laboratory	  
Cacky	   Calderon	   Research	  &	  Applications	  Manager	   The	  Enterprise	  Center	  
Maria	  
Fernanda	  

Campa	   PhD	  Candidate,	  Energy	  Science	  and	  Engineering,	  
Bredesen	  Center	  

Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Erin	  K.	   Chapin	   Director	  of	  Research	  Communications	   University	  of	  Tennessee,	  Knoxville	  

Mark	   Christian	   PhD	  Candidate	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Emily	   Clark	   PhD	  Candidate	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

M.	  David	   Colloa	   PhD	  Candidate	   University	  of	  Tennessee,	  Chattanooga,	  SimCenter	  
Ann	   Coulter	   Principal	   A.	  Coulter	  Consulting	  
Sabrina	   Cowden	   Senior	  Project	  Manager	   Milepost	  Consulting	  
Lindsey	   Cox	   Innovation	  &	  Commercialization	  Manager	   LaunchTN	  

David	   Czufin	   Sr.	  Vice	  President,	  Engineering	  &	  Operations	  
Support	  (Nuclear)	  

Tennessee	  Valley	  Authority	  (TVA)	  

Claus	   Daniel	   Acting	  Director,	  Sustainable	  Transportation	  
Program	   Oak	  Ridge	  National	  Laboratory	  

Ryan	   Daniels	   Graduate	  Research	  Fellow	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Victoria	   DiStefano	   Bredesen	  Center	  Fellow	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Laura	   Doze	   Program	  Manager	  -‐	  Environmental	  Management	  
Systems	  

Tennessee	  Valley	  Authority	  (TVA)	  

Abhishek	   Dubey	  
Application	  of	  cyber	  physical	  principles	  for	  safe	  
operation	  of	  tranasactive	  energy	  systems	   Vanderbilt	  University	  

Taylor	   Eighmy	   Vice	  Chancellor	  for	  Research	  &	  Engagement	   University	  of	  Tennessee,	  Knoxville	  

Ahmed	   Eltom	   Professor	  and	  Department	  Head-‐Electrical	  
Engineering	   University	  of	  Tennessee,	  Chattanooga	  

Kassie	   Ernst	   Graduate	  Student	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Fleming	   Farrow	   Intern	   The	  JumpFund	  
Joe	   Ferguson	   Chairman	   EPB	  

Raymond	   Fornes	   NC	  State	  Liaison	  to	  ORNL	  and	  interim	  Associate	  
Dean	  for	  Research	  for	  the	  College	  of	  Sciences	  

North	  Carolina	  State	  University	  

Sam	   Fulbright	   Empower	  Chattanooga	  Program	  Coordinator	   green|spaces	  
Arlene	  A.	   Garrison	   Vice	  President,	  University	  Partnerships	   Oak	  Ridge	  Associated	  Universities	  
Marc	   Gibson	   Senior	  Director	  of	  Industry	  &	  Economic	  Relations	   University	  of	  Tennessee,	  Knoxville	  
Rachel	   Gideon	   Research	  Intern	   The	  Enterprise	  Center	  
Beth	   Gladden	   Manager	  of	  Special	  Events	  and	  University	  Protocol	   University	  of	  Tennessee,	  Knoxville	  

Johney	   Green	  
Director,	  Energy	  and	  Transportation	  Science	  
Division	   Oak	  Ridge	  National	  Laboratory	  

Carter	   Guensler	   Research	  Intern	   Edney	  Innovation	  Center	  
Chris	   Harris	   Director	  of	  Licensing	   Vanderbilt	  University	  
Ken	   Hays	   President	   The	  Enterprise	  Center,	  Inc	  
Rick	   Hitchcock	   Attorney	   Chambliss,	  Bahner	  &	  Stophel	  
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First	  Name	  	   Last	  Name	  	   Title	   Organization	  

Hoi	  Chun	   Ho	   Graduate	  Student	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Peter	   Hoffman	   Vice	  President	  Intellectual	  Property	  Management	   The	  Boeing	  Company	  
Patrick	   Hughes	   Director,	  Building	  Technologies	  Program	   Oak	  Ridge	  National	  Laboratory	  

Alan	   Icenhour	   Associate	  Laboratory	  Director	  for	  Nuclear	  Science	  
&	  Engineering	  

Oak	  Ridge	  National	  Laboratory	  	  

James	   Ingraham	   Vice	  President	  Strategic	  Research	   EPB	  
Kevin	   Ironside	   Reindustrialization	  Regulatory	  Manager	   UCOR	  

Roderick	   Jackson	   Group	  Leader,	  Building	  Envelope	  Systems	  
Research	  

Oak	  Ridge	  National	  Laboratory	  	  

Gary	   Jacobs	   Interim	  Associate	  Laboratory	  Director,	  EESD	   Oak	  Ridge	  National	  Laboratory	  

Nannan	   Jiang	   Bredesen	  Center	  Fellow	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Mark	   Johnson	   Program	  Director	   U.S.	  Department	  of	  Energy	  -‐	  Office	  of	  Legacy	  
Management	  

Nickolas	   Justice	   Major	  General	  Nickolas	  Justice	  (Ret.),	  Executive	  
Director	   PowerAmerica/North	  Carolina	  State	  University	  

David	   Keim	   Director	  of	  Communications	   Oak	  Ridge	  National	  Laboratory	  
Mohammad	   Khaleel	   Director,	  Institutional	  Planning	   Oak	  Ridge	  National	  Laboratory	  
Thomas	   King	   Director,	  Sustainable	  Electricity	  Programs	   Oak	  Ridge	  National	  Laboratory	  

Justin	   Knowles	   Graduate	  Student	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

David	   Kosson	   Professor,	  Civil	  and	  Environmental	  Engineering	   Vanderbilt	  University	  

Mallory	   Ladd	   National	  Science	  Foundation	  Graduate	  Research	  
Fellow	   Oak	  Ridge	  National	  Laboratory	  

Alan	   Liby	   Director,	  Advanced	  Manufacturing	  Program	   Oak	  Ridge	  National	  Laboratory	  
Tim	   Lieuwen	   Professor	  and	  Executive	  Director	   Georgia	  Institute	  of	  Technology	  
Yilu	   Liu	   Professor,	  Governor's	  Chair	  for	  Power	  Electronics	   University	  of	  Tennessee,	  Knoxville	  
Reinhold	   Mann	   Interim	  Director	   University	  of	  Tennessee,	  Chattanooga	  SimCenter	  
Thom	   Mason	   Director	   Oak	  Ridge	  National	  Laboratory	  
Roger	   McGinnis	   Director,	  Center	  for	  Advanced	  Power	  Systems	   Florida	  State	  University	  
David	   Millhorn	   Executive	  Vice	  President	   University	  of	  Tennessee	  

Oliver	   Mitchell-‐
Boyask	   Student	   The	  Enterprise	  Center	  

Kristina	   Montague	   Managing	  Partner	   The	  JumpFund	  
Emily	   Morris	   CEO	   Emrgy,	  Inc.	  

Robert	   Moseley	   Graduate	  Student	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

David	   Myers	   Program	  Development	   U.S.	  Department	  of	  Energy	  
Jeffrey	   Nichols	   Associate	  Laboratory	  Director	   Oak	  Ridge	  National	  Laboratory	  

Liz	   Norred	   Graduate	  Student	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

William	   Oates	   Associate	  Professor	   Florida	  State	  University	  

Kaitlin	   Palla	   Graduate	  Research	  Assistant	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Blake	   Palles	   Energy	  Science	  and	  Engineering	  Fellow	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Robin	   Pate	   Director	  of	  Communications	  &	  Workforce	  
Development	   IACMI-‐The	  Composites	  Institute	  

Stacey	   Patterson	   Associate	  Vice	  President	   University	  of	  Tennessee	  

Alex	   Pawlowski	   AM	  in	  Transportation	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

William	   Peter	   Director,	  Manufacturing	  Demonstration	  Facility	   Oak	  Ridge	  National	  Laboratory	  

Nathan	   Phillip	   Graduate	  Student	  Researcher	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Cortney	   Piper	   Director	   Tennessee	  Advanced	  Energy	  Business	  Council	  
Neil	   Placer	   Managing	  Member	   Placer	  Consulting	  Services	  LLC	  

Holly	   Ray	   Graduate	  Research	  Assistant	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

David	   Reeves	   Graduate	  Student	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  
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First	  Name	  	   Last	  Name	  	   Title	   Organization	  
Lee	   Riedinger	   Director,	  Bredesen	  Center	   University	  of	  Tennessee,	  Knoxville	  
James	   Roberto	   Associate	  Laboratory	  Director,	  S&T	  Partnerships	   Oak	  Ridge	  National	  Laboratory	  
Andrew	   Rodgers	   Technologist-‐In-‐Residence	   The	  Enterprise	  Center	  

Tom	   Rogers	  
Director,	  Industrial	  and	  Economic	  Development	  
Partnerships	   Oak	  Ridge	  National	  Laboratory	  	  

Joanne	   Romagni	   Vice	  Chancellor	  of	  Research;	  Dean	  of	  the	  
Graduate	  School	  

University	  of	  Tennessee,	  Chattanooga	  

Jonathon	   Romero	   Graduate	  Student	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Pranab	  K	   Roy	  Chowdhury	   Graduate	  Student	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Mina	   Sartipi	   Professor	   University	  of	  Tennessee,	  Chattanooga	  
Shannon	   Scott	   Manager,	  Government	  Relations	   Tennessee	  Valley	  Authority	  (TVA)	  
Mary	   Selzer	   Research	  Intern	   The	  Enterprise	  Center	  

Guinevere	   Shaw	   Graduate	  Student	  Researcher	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

John	   Silkey	   Director	   Milepost	  Consulting	  

Mitchell	   Smith	   Graduate	  Research	  Assistant	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Kidambi	   Sreenivas	   Research	  Professor	   University	  of	  Tennessee,	  Chattanooga	  
Ryan	   Stanton	   Smart	  Cities	   Schneider	  Electric	  

Andrea	   Stewart-‐Crutch	   Associate	  Director	  of	  Corporate	  and	  Foundation	  
Engagement	  

UT	  Foundation	  

Dan	   Stout	   Senior	  Manager,	  Small	  Modular	  Reactors	   Tennessee	  Valley	  Authority	  (TVA)	  
Susanna	   Sutherland	   Principal	   Sutherland	  &	  Associates	  

Richard	  Adam	   Thompson	   Graduate	  Research	  Assistant	   Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

Suzy	   Tichenor	  
Director,	  Industrial	  Partnerships	  Program,	  
Computing	  and	  Computational	  Sciences,	  ORNL	   Oak	  Ridge	  National	  Laboratory	  

Rayford	   Vaughn	   Vice	  President	  for	  Research	  and	  Economic	  
Development	   University	  of	  Alabama	  in	  Huntsville	  

Jessica	   Velez	   Graduate	  Research	  Assistant	  
Bredesen	  Center	  for	  Interdisciplinary	  Research	  and	  
Graduate	  Education,	  University	  of	  Tennessee	  

David	   Wade	   President	  &	  COO	   EPB	  
Greg	   Walker	   Associate	  Professor	   Vanderbilt	  University	  
Michael	   Walton	   Executive	  Director	   green|spaces	  
Madeleine	   White	   Student	  intern	   Emrgy,	  Inc.	  
Thomas	   Zacharia	   Deputy	  for	  Science	  and	  Technology	   Oak	  Ridge	  National	  Laboratory	  
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Integrating People, Technology, 
and Natural Resources for a 
Clean Energy Future
A Summary Report of a Roundtable Discussion 
on Mission Innovation
May 9, 2016

Host: Dr. Dan Jaffe, Vice President for Research, UT Austin

Moderator: Dr. Dale Klein, Associate Vice Chancellor for Research, UT System

Organizers: Dr. Scott Tinker, Director, Bureau of Economic Geology, UT Austin

Dr. Michael E. Webber, Deputy Director, Energy Institute, UT Austin

Rapporteurs: Dr. Todd Davidson, Research Associate, Energy Institute, UT Austin

Ms. Margaret Cook, PhD Candidate, Civil Engineering, UT Austin

Introduction and Overview
On May 9, 2016, the University of Texas at Austin 
hosted the Honorable Secretary of Energy Ernest 
Moniz, other U.S. Department of Energy officials, 
and stakeholders from industry and academia for 
an open, roundtable discussion about how region-
al implementation can be a vehicle to help the U.S. 
Department of Energy fulfill its Mission Innovation 
commitments for increased investments in re-
search and development (R&D) with the goal of 
cost reductions for clean energy. This discussion 
was motivated by the desire to explore the ways by 
which regional public-private partnerships can be 
leveraged to achieve significant advances towards a 
cleaner, more resilient, secure, reliable, and afford-
able energy future.

Several contextual motivations were shared by 
Secretary Moniz as a way to initiate the discussion:

1. the clean energy goals identified by the 
Mission Innovation commitments (namely to 
reduce the costs of clean energy) will need 
increasing ambition over time,

2. the future low-carbon solutions will look 
very different in each region because of vary-
ing resources, interests, culture, attitudes, 
and capabilities, and

3. the intersections of energy and water will 
become increasingly important, raising the 
need for integrated management of resourc-
es and enabling infrastructures.

The invited participants represented a cross-section 
of industry, academia, and government. Within the 
industrial invitees, a mix of representatives attend-
ed from large companies and smaller, high-growth 
startups emerging in this space. The conversation 
took place over 2.5 hours with wide participation 
among the discussants and active engagement from 
Secretary Moniz. Several areas of excellence were 
identified for the south by southwest region of the 
United States (SXSWUS). The areas of regional 
excellence that received the most discussion were: 
1) oil and gas, 2) clean energy entrepreneurship, 
and 3) integrated energy-water management.

Background information, themes, and outcomes 
from the discussion are organized and summa-
rized below.
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Mission Innovation & 
Breakthrough Energy Coalition
On November 30, 2015, world leaders gathered at 
the United Nations Climate Change Conference in 
Paris. In addition to establishing the Paris Agreement 
to address climate change, 20 of the attending 
countries launched Mission Innovation,1 an effort to 
dramatically increase public and private innovation 
to develop the next generation of clean energy solu-
tions. To accomplish the goal of advancing techno-
logical solutions, the 20 participating countries have 
committed to doubling their investment in clean en-
ergy research and development (R&D) over the next 
five years. In February of 2016, President Obama 
laid out his proposal to achieve the goal of dou-
bling funding for these clean energy investments by 
increasing the United States commitment of “$6.4 
billion in FY 2016 to $12.8 billion in FY 2021.”2

The participating countries include some of the larg-
est economies in the world – Canada, Mexico, Saudi 
Arabia, and the United States – as well as emerging 
economies. The 20 countries represent over 80 per-
cent of global R&D funding for clean energy tech-
nology.2 Furthermore, these countries represent a 
diverse array of interest in conventional, unconven-
tional, and renewable energy resources.

The Breakthrough Energy Coalition3 was also 
launched at the same meeting that initiated Mission 
Innovation. The Breakthrough Energy Coalition is an 
independent initiative led by Bill Gates that has or-
ganized 28 highly influential investors from around 
the world to commit to long-term investments that 
encourage development of new clean energy solu-
tions. The coalition is driven by the idea that the 
private sector knows how to build companies and 
bring innovative ideas to the marketplace but that 
the current risk-reward for investing in unproven 
energy technologies is not aligned with the financial 
requirements of traditional sources of funding.

“The existing system of basic research, clean 
energy investment, regulatory framework, 
and subsidies fails to sufficiently mobilize 
investment in truly transformative energy 

1 mission-innovation.net

2 “Fact Sheet: President’s Budget Proposal to Advance 
Mission Innovation”, The White House, Office of the Press 
Secretary, February 6, 2016.

3 www.breakthroughenergycoalition.com

solutions for the future. We can’t wait 
for the system to change through nor-
mal cycles.”

—Breakthrough Energy Coalition

The goal of the coalition is to spur sufficient devel-
opment of breakthrough technologies to the point 
that traditional market-driven forces can support 
additional development and commercialization of 
sustainable solutions.

The SXSWUS region has three 
areas of excellence
On May 9, 2016, energy leaders from Texas and New 
Mexico as well as the Department of Energy and 
National Laboratories met in Austin, Texas to discuss 
what the SXSWUS region of the United States is con-
tributing to the energy space. Texas, Oklahoma, and 
New Mexico share similar challenges related to en-
ergy and water resources. Each state has a legacy of 
oil and gas operations and, due to sunny climate and 
high winds, opportunities to increase its solar and 
wind adoption. Each state also has water constraints 
due to long-term climatic conditions and near-
er-term increasing populations that will increase 
water stress. In addition, the states have technology 
centers and hotbeds of innovation centered around 
national laboratories and universities that foster a 
vibrant entrepreneurial ecosystem, leading to sig-
nificant startup activity. These conditions create an 
excellent testbed for building on the region’s three 
areas of expertise: clean energy entrepreneurship, 
oil and gas production, and the integration of water 
and energy.

The invited guests spoke of energy technology 
achievements made possible owing to the presence 
of a healthy existing industry combined with a new-
er entrepreneurial ecosystem, which includes syn-
ergies in the energy and technology industries. The 
SXSWUS region has a history of effective collabora-
tion between industry, government, and academia 
including the successful public-private partnerships 
of SEMATECH and MCC in Central Texas during the 
1980s. Subsequently, Austin became a hub for clean 
energy entrepreneurship due in part to the Clean 
Energy Incubator within the Austin Technology 
Incubator at UT Austin and non-profit consortia 
such as Pecan Street, Inc. These entrepreneurial 
infrastructures help foster growth in alternative en-
ergy technologies such as wind and solar while also 
merging the efficiencies of information technology 
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to improve existing oil and gas operations and logis-
tics within the SXSWUS region. For example, Texas-
based DrillingInfo provides data and technology 
to promote oil and gas innovation. In its midconti-
nent operations, Schlumberger works to improve 
software to allow companies to decarbonize their 
operations, reduce demands for water and sand, and 
program logistics for trucking operations—reduc-
ing road damage and offsite emissions. In addi-
tion, Central Texas has examples of leading uni-
versity-private partnerships, such as the Advanced 
Energy Consortium (AEC), which has invested over 
$50 million in research to date in over 30 univer-
sities. The Gulf Coast Carbon Center (GCCC) is a 
DOE-UT-industry collaborative that has invested 
well over $50 million to date to conduct some of 
the largest scale subsurface carbon sequestration 
experiments in the world. Other industrial-academic 
partnerships include the Center for Next Generation 
Photovoltaics, which includes several universities 
and corporate affiliates.

The region also has a long legacy of excellence in oil 
and gas production. Recently, breakthroughs in hy-
draulic fracturing and horizontal drilling that were 
initiated in Texas kicked off an oil and gas boom 
with global impacts. That boom was the conse-
quence of industrial innovation; academic research 
funded by industry, governments, and foundations; 
and steady policy support from the U.S. Department 
of Energy and the State of Texas, exemplifying the 
positive impacts that can occur from public-private 
partnerships implemented regionally.

During the roundtable discussion it was noted that 
the energy-water nexus is particularly relevant 
in the SXSWUS region because of strained water 
supplies, active energy production, and population 
growth. The discussion identified the topic as one 
where the region could be used as a testbed to de-
velop solutions and establish national leadership on 
how to use the energy sector to improve the water 
sector and vice versa. Solutions were identified such 
as creating regional wastewater gathering systems 
for oil and gas operations, using off-peak renewable 
electricity from wind or solar to desalinate water for 
commu nities, or implementing dry cooling technol-
ogies at new thermoelectric power plants to de-
crease the water intensity of electricity generation.

Filling the pipeline of innovation
It was noted that among the region’s key strengths 
is a healthy innovation system, including Sandia 
and Los Alamos National Laboratories, as well as 
many research universities. These research insti-
tutions tackle a range of topics including oil and 
gas, carbon capture and sequestration, renewable 
energy, energy storage, biofuels, and the water-en-
ergy nexus. In addition, other research entities such 
as Southwest Research Institute in San Antonio, 
Texas4 and Houston Advanced Research Center in 
the Woodlands, Texas5 provide important insights 
into clean energy, power systems, oil and gas de-
velopment, and environmental impacts. In addi-
tion, the presence of major NASA facilities in Texas 
opens the possibility of multi-agency cooperation 
on issues related to miniaturizing energy systems 
for space applications and remote sensing for water 
resource management. Consequently, the SXSWUS 
region has a steady supply of recent graduates and 
professionals active as innovators in the energy and 
water space.

Integrating technology, people, 
and resources results in more 
innovation
The importance of cooperation was affirmed 
throughout the discussion, and it was suggested 
that collaborative, regional projects could be made 
stronger through connections with the Department 
of Energy (DOE), National Laboratories and other 
existing nonprofits, private research centers, and 
industry collaborators. Public-private partnerships 
could make use of data and resources available to 
different organizations. For example, start-ups could 
leverage projects from DOE and scale them for effi-
ciency. This focus on start-ups, in particular, could 
also garner bipartisan support at the congressional 
level. Similarly, we might improve our innovation 
across the nation by collaborating regionally, na-
tionally, and internationally and ensure that tech-
nologies developed in the lab are commercialized to 
deliver clean energy solutions to the world.

Several different collaborative mechanisms were 
discussed in detail. Secretary Moniz described a 
framework for Regional Innovation Partnerships 

4 www.swri.org/4org/orghome.htm

5 www.harcresearch.org
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(RIPs) to manage regional energy research port-
folios.6 The RIPs would have a nonprofit portfolio 
manager that would oversee the public, industri-
al, academic, and nongovernmental organizations 
participating in the regional research effort. The 
Regional Innovation Partnerships would be funded 
through Mission Innovation, and DOE would provide 
soft-touch oversight of each regional manager.

The DOE is also developing new energy research 
centers including a desalination hub, slated for Fall 
2017, manufacturing institutes, and a center for de-
veloping technology to use supercritical fluids in the 
power generation sector.

Academic programs such as the Solar Decathlon 
encourage collaboration between between do-
mestic and international universities, industry, 
government, and non-profits to create projects 
that promote innovation and training for the next 
generation of energy-minded professionals. The 
University of Texas at Austin participated in the 
most recent Solar Decathlon with the Technical 
University of Munich (TUM), working collabora-
tively to build NexusHaus, an integrated water-en-
ergy-food project including aquaponics irrigated 
through recycled greywater and demand reduction 
ideas like Integrated Thermal Energy and Rainwater 
Storage (ITHERST) to shift air conditioning load off-
peak to the early morning hours.7 With their ideas 
and help from public and private partners, the stu-
dents were able to integrate interdependent resourc-
es to leverage energy and water savings, yielding 
patent filings and commercial interest.

In addition to integrating people and resources, 
integrating datasets from public and private sources 
could result in better, more relevant research efforts. 
For example, comprehensive and accurate comple-
tions and production data from oil and gas opera-
tions could result in improved data on water use. We 
could improve our energy information coverage by 
also including data from Mexico.

With the immense amount of data and technology 
available, it might, and in some cases already has, 
become complicated for humans to make quick, 
optimal decisions. For example, at the grid level, 
with so many operators and users producing and 

6 https://www.whitehouse.gov/the-press-of-
fice/2016/02/06/fact-sheet-presidents-budget-propos-
al-advance-mission-innovation

7 www.nexushaus.com

demanding energy at once, it is extremely important 
that humans who are at the controls are enabled to 
make the proper decisions, particularly during mo-
ments when the grid is stressed. As systems become 
more complicated, it will be even more important 
for human operators to make the right decisions. 
How do we work together to support resiliency with 
human involvement? And where can we use infor-
mation technology at a system level? Integrating 
people, resources, and data will be important for 
finding an appropriate solution.

Finally, working together with the public is import-
ant for ensuring research and development produc-
es solutions that can work in practice. For example, 
research in demand-side response has shown its 
viability. However, it remains unclear how to create 
the right incentives for its widespread use.

Funding for energy research 
and development remains a 
challenge
Funding energy projects can be troublesome due 
to the technically challenging and capital intensive 
process of developing and commercializing next 
generation energy solutions. Those challenges pres-
ent themselves across different energy intensive in-
dustries such as transportation, manufacturing, and 
power generation. These challenges could be exac-
erbated by changes in market conditions. For exam-
ple, when the price of oil is high, industry invests in 
innovative, potentially risky technologies to reduce 
oil demand and increase oil supply. However, under 
a low-price scenario, investment in research and 
development budgets often shrink, so R&D support 
must come from other sources if steady project sup-
port is required. In the electric sector, the regulatory 
structure inhibits investment. Competitive power 
markets are often swifter at adopting new technol-
ogies. However, it was mentioned that regulated 
markets could offer unique benefits to large capital 
projects for low-carbon facilities such as nuclear 
plants or coal with carbon capture.

The DOE has developed multiple funding mecha-
nisms to ensure developments in technology reach 
the marketplace. Loan programs have promoted 
utility-scale photovoltaic development for instance. 
However, fees on loans might be high. Including 
more banks in the program could result in funding 
more projects. The ARPA-E program has improved 
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energy technology development and integration 
into the marketplace by providing a funding source 
for high risk, transformative technologies. The DOE 
also established the Office of Technology Transitions 
and the Clean Energy Investment Center intended to 

catalyze private sector investment. One solution that 
enjoyed widespread support during the discussion 
was the idea of increasing R&D support through 
the proposed regional collaborations of Mission 
Innovation.

Photo credit: Michael Webber

Photo credit: J.B. Bird
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Recommendations for possible 
regional projects
The discussion identified several unique opportuni-
ties, conclusions, and outcomes.

Innovation through regional 
partnerships

Overall, participants in the discussion endorsed the 
idea of using regional partnerships as a vehicle to 
achieve Mission Innovation’s goal for accelerating 
the development and deployment of clean ener-
gy technologies. To achieve this goal the program 
should promote collaboration between universities, 
national labs, and industry to realize the greatest 
value for the program’s investments. Partnerships 
between the three sectors can help utilize unique 
resources and cut across party lines that can help de-
liver the greatest value to all constituents involved. 
The value of including large and small industry 
players should also be encouraged by the program. 
Startups and mid-sized companies are often the en-
gines for job creation and innovation. But, large, es-
tablished corporations are often the ones that have 
the ability to scale technologies and commercialize 
them in a competitive marketplace. Collaboration 
between all of these players is crucial for the suc-
cess of Mission Innovation. An example of how this 
collaboration has been achieved in the past can be 
seen by looking at the economic growth of Austin, 
Texas since the 1980s, fostered partly by public-pri-
vate partnerships such as SEMATECH and MCC, 
which brought together government, academia, 
and industry.

Fostering cross-border cooperation

With its close geographical connection to Mexico, 
the SXSWUS region is primed for improving our 
energy relationship with our neighbor country as 
the energy markets in Mexico shift. Leaders from 
government, industry, universities, and nonprof-
its from the SXSWUS region have already begun 
meeting with leaders from Mexico to discuss the 
trajectory of energy innovation. SXSWUS leaders 
can provide insight through their expertise in nat-
ural gas and crude oil infrastructure and on-shore 
and off-shore drilling production, technology, and 
logistics. Because of our shared climatic conditions 
and existing expertise, we can also provide insight 
into solar production and water management for 

energy extraction, and we will need to continue to 
adequately manage our shared water resources at 
the border given the potential for increased energy 
production in that area.

Increased support for regional 
transmission

The locations of the best wind and solar resources 
are often geographically distant from the primary 
load centers across the United States. Such is true 
within the SXSWUS region, as well. Expanding the 
nation’s transmission infrastructure could enable 
expanded utilization of some of the best renew-
able resources across the country. The value of 
transmission infrastructure is illustrated with the 
Texas Competitive Renewable Energy Zone (CREZ) 
program that launched investment in transmission 
infrastructure to help bring more renewable ener-
gy into the power sector. Subsequently, significant 
expansions in new solar and wind capacity were 
achieved, This experience provides a useful test case 
that can inform national policy discussions grap-
pling with similar challenges.

Addressing methane leakage

Natural gas has often been referred to as a “bridge 
fuel” for decreasing the carbon intensity of the 
United States’ economy. Combustion of natural gas, 
which is predominately methane (CH4), emits much 
less carbon dioxide compared to conventional coal 
fired power plants. And, with the discovery and 
industrial development of shale gas fields across the 
United States, the nation has significant resources 
for fueling cleaner combustion-based power plants 
for many decades to come. However, recent studies 
have found that nontrivial amounts of natural gas 
are leaking from production sites and the nation’s 
infrastructure.8 This finding is significant because 
methane has a global warming factor which is much 
more potent in the short-term than carbon dioxide 
(CO2). As a result, the presence of leaks within our 
natural gas infrastructure has the potential to negate 
some of the environmental benefits of expanding 
our use of natural gas within the electricity sector. 

8 Allen, D. T., Torres, V. M., Thomas, J., Sullivan, D. 
W., Harrison, M., Hendler, A., ... & Lamb, B. K. (2013). 
Measurements of methane emissions at natural gas 
production sites in the United States. Proceedings of the 
National Academy of Sciences, 110(44), 17768-17773.
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Dedicated effort is needed to improve our natural 
gas infrastructure and our processes for producing 
and handling the valuable hydrocarbon fuel. The 
SXSWUS region is uniquely suited to help address 
this issue due to the legacy of extensive oil and gas 
operations in the region as well as the substantial re-
fining and manufacturing centers that handle large 
quantities of natural gas. In addition, the region has 
many researchers and innovative industrial actors 
who are experts on this topic and can use regional 
facilities as a testbed for implementing solutions.

Promote large-scale pilot studies

The SXSWUS region is uniquely suited to con-
duct large-scale pilot studies for emerging energy 
solutions. This region accounts for nearly 10% of 
national GDP9, over 10% of CO2 emissions10, has 
large concentrated population and manufacturing 
centers, significant expanses of rural land, and the 
ERCOT grid resides almost entirely within the state 
of Texas. These characteristics allow the SXSWUS 
region to be an excellent test bed for studying the 
impact of emerging technologies before they are 
deployed nationwide. Several example projects are 
as follows:

CO2 Management: As a region that pioneered the 
use of CO2 for enhanced oil recovery, is the larg-
est emitter of CO2 in the nation, and has the most 
abundant installed capacity of CO2 pipelines, 
the SXSWUS region is well poised to develop a 
low-carbon path for the nation through carbon 
capture and sequestration. Large scale research 
programs are already underway along the gulf 
coast, and large-scale industrial activity is in 
place in west Texas oil fields. As carbon manage-
ment grows as a priority, regional innovation will 
be critical for developing new solutions.

Deep Decarbonization of Transportation: Of all the 
sectors, transportation is particularly difficult to 
decarbonize. Electrification or proxies for electri-
fication (such as electrically-produced hydrogen) 
are identified as one promising pathway. With an 
abundance of low-carbon solar and wind resourc-
es, the region makes an interesting test case for 
electrifying and decarbonizing transportation. 
New fuels along with new business models such 
as mobility services could lead to large-scale 

9 www.bea.gov/regional/index.htm

10 www.eia.gov/environment/emissions/state

changes. With its mix of large rural areas and eco-
nomically vibrant cities, the region is an interest-
ing combination of transportation challenges.

Creating a Hydrogen Infrastructure: The benefits 
and challenges of hydrogen are reflected in the 
current DOE effort underway called H2 @ Scale. 
Texas is uniquely qualified to study the impact of 
a hydrogen economy due to the exceptional do-
main knowledge in the state and the fact that the 
vast majority of existing hydrogen infrastructure 
lies along the Texas coastline to support indus-
trial customers. Hydrogen could solve multiple 
problems—such as using variable wind and solar 
for its production, which firms up grid reliabili-
ty and reduces emissions while serving multiple 
customers, such as steel mills, refineries, and 
transportation hubs. Consequently, if large-scale 
deployment of hydrogen doesn’t work econom-
ically in Texas, it likely will not work anywhere 
else in the world.
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Overview of energy research at 
the University of Texas at Austin
The University of Texas at Austin attracts more than 
$70 million in funding to conduct cutting-edge 
energy research in more than two dozen academic 
units and research centers. UT Austin scientists, en-
gineers and other researchers are engaged in basic 

and applied research across a broad array of topics. 
These experts work closely with industry, govern-
ment, and non-profit organizations to improve the 
delivery and transformation of energy. Funding of 
research projects at UT Austin comes from a va-
riety of sources, including government agencies 
such as the Department of Energy and the National 
Science Foundation, energy companies, private do-
nors, and NGOs.

An updated inventory of research funding is available via the Energy Institute at UT Austin: 
energy.utexas.edu/funding-chart. Approximately half of the research funding is for fossil 
fuels. The other half of research funding is to spur innovation and scientific advances for 
topics such as alternative fuels, energy storage, grid management, and reducing environ-
mental impacts.
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I n t r o d u c t i o n  

The University of California, LA (UCLA) hosted the Southern California Clean Energy Innovation 
Ecosystem Roundtable discussion on May 10, 2016 on the UCLA campus in Kerckhoff Hall. This 
roundtable discussion brought together 28 leaders from academia, local and state government, a 
national laboratory, non-profit groups, and industry to discuss Southern California’s clean energy 
needs as the state and region transition to meet their ambitious climate and energy goals.  

Professor J.R. DeShazo from the UCLA Luskin Center for Innovation facilitated the roundtable 
discussion, which was focused on identifying the region’s immediate and long-term clean energy 
needs and challenges (challenges may be related to governance, costs, inertia, regulatory and 
legal restrictions, available land, technology transfer, and more), and laying the foundation for 
future collaborations between the participants and their associated institutions. Discussion 
included everything from increasing our renewable energy power, to energy storage, grid 
modernization, distributed energy generation and storage, energy efficiency, and energy 
conservation in the region.  

Southern California has been a leader in the transition from non-renewable, carbon-based energy 
to renewable, clean energy through innovative technologies, policies, and strategies. With 
abundant sunlight and wind resources, and a mild climate year-round, Southern California is well 
positioned for a transition to renewable energy. State and local governments have set ambitious 
climate goals. California’s Clean Energy and Pollution Reduction Act of 2015 (SB 350) set a goal 
of providing 50% of California’s electricity demand with renewable resources by 2030. The City 
of LA has set greenhouse gas reduction goals of 45% by 2025, 60% by 2035, and 80% by 2050 
compared to 1990 baseline emissions. San Diego recently enacted a Climate Action Plan that 
commits to running the city on 100% renewable energy and reducing greenhouse gas emissions 
by 50% by 2035. 

Despite these commitments, Southern California continues to face some of the most severe air 
quality and climate emission challenges. Over the coming decades, population growth, rising 
temperatures, electrified transportation, and water needs will put increased pressure on the 
region’s energy system. A comprehensive and multi-faceted approach is necessary to address 
these challenges and develop game-changing clean-energy solutions that are affordable to all 
residents. Collaboration and partnerships across sectors are imperative, and on a local level (LA 
County), UCLA’s Sustainable LA Grand Challenge initiative has committed to assessing the 
capabilities of currently available technologies and strategies, targeting areas where new 
research is needed, and serving as a nexus for partnerships to transition the County to 100% 
renewable energy by 2050. Southern California is an ideal candidate to serve as a clean energy 
model for urban regions across the globe given its diversity in topography, climate zones, urban 
framework, and cultures. Solutions that are implemented in Southern California are eminently 
exportable. 

The purpose of this report is to provide the United States Department of Energy (DOE) a 
comprehensive summary of the roundtable event, and to identify some broad conclusions and 
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next steps for the Southern California region with regard to a clean energy pathway. All of this is 
being considered within the context of Mission Innovation (http://mission-innovation.net), whose 
goal is to accelerate innovation in clean energy and to make clean energy affordable around the 
globe.  

R o u n d t a b l e  S u m m a r y  

Convening of  the Roundtable  

(Discussion from the roundtable event is captured below in italics) 

Dr. Jayathi Murthy is Dean of the UCLA Henry Samueli School of Engineering and Applied 
Science. She has a Ph.D. in mechanical engineering from the University of Minnesota, an M.S. 
from Washington State University and a B. Tech from the Indian Institute of Technology, Kanpur. 
Her research interests include nanoscale heat transfer, computational fluid dynamics, and 
simulations of fluid flow and heat transfer for industrial applications. 

Dean Murthy welcomed the Department of Energy Deputy Secretary and all of the participants 
to UCLA to participate in the roundtable discussion. She commented that many distinguished 
faculty at UCLA are working on energy challenges, with experts in various fields – from storage, 

to renewable energy generation to water. UCLA is a key part of the energy conversation and 
contributes significantly to progress. She stressed the importance of working together across the 
energy ecosystem since innovation is always the result of a long collaboration among numerous 
stakeholders. Dean Murthy described UCLA’s concerted effort to address the energy challenges 
of the region through their Sustainable LA Grand Challenge, which was launched in 2013 with 

the goals of reaching 100% renewable energy, 100% locally-sourced water, and enhanced 
ecosystem and human health in LA County by 2050. 

Introduction to Miss ion Innovation and Regional  Partnerships 

Dr. Elizabeth Sherwood-Randall, Department of Energy Deputy Secretary.  

In her opening remarks, Dr. 
Sherwood-Randall recognized the 

pioneering role of California, 
stating that Mission Innovation was 
launched in this spirit. The 
commitment of twenty countries to 
Mission Innovation should ensure 

reinvigorated funding for clean 
energy. At the Paris Climate Talks 
(COP21) in 2015, many nations 
agreed to ambitious but 
achievable targets. As part of 

From left to right, Dr. Albert Carnesale, Deputy Secretary Dr. Sherwood-
Randall, Dean Murthy, and Mr. Randy Britt. Photo credit: John Vande 
Wege. 
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Mission Innovation, the US will seek to increase federal investments in clean energy technology 
research to USD $12 billion by 2020, up from USD $6.4 billion in 2016. The Deputy Secretary 
mentioned that the DOE estimates that USD $13.5 trillion will be invested in clean energy 

between now and 2030, so private investment and institutional partnership are key to 
incorporating differing perspectives to energy development. She acknowledged that the 
University of California system is the only institutional partner in the Breakthrough Energy 
Coalition. The Deputy Secretary said that the DOE is working to fund technology innovation 
through a variety of means, including funding to CalTech for student innovation competitions 

worth $40 million, the LA Cleantech Incubator (LACI), and the 4C Seed to Scale 2016 program. 
She emphasized that the DOE looks to California for innovative renewable energy ideas and 
anticipates continued collaboration in the future, and that California will serve as a model to 
build partnerships across the country. California’s ambitious goals, set early, of 33% of energy 
from renewable sources by 2020 and 50% by 2030 create an urgency driver. This in turn drives 

the market for technology. The Deputy Secretary concluded by saying under the Mission 
Innovation initiative, the DOE will facilitate regional partnerships, because the best solutions are 
based on regional needs, with policies tailored to these specific needs. Between 8 and 10 
Regional Clean Energy Partnerships are envisioned with a total of $110 million in funding for the 
partnerships. 

Sett ing the Clean Energy Stage in  Southern Cal i fornia 

Dr. JR DeShazo is a UCLA Professor of Public Policy, Urban Planning, and Civil and 
Environmental Engineering, and Director of the Luskin Center for Innovation. He also is a 
Professor and Vice Chair of the Department of Public Policy in the Luskin School of Public Affairs, 
where he is an expert in economics, public finance, and organizational governance. Dr. DeShazo 
holds a Ph.D. in Urban Planning from Harvard University and a M.Sc. in Economics from Oxford 
University, where he was a Rhodes Scholar. His recent research focuses on local public finance, 
regulatory reform, climate change policy, and solar energy policy. 

Dr. DeShazo served as the roundtable discussion moderator. Dr. DeShazo stated that regional 
and municipal leadership is critical in energy development, and UCLA and other experts across 
the state are ready to meet the challenges and ambitious goals set by the city of Los Angeles 

(LA), LA County, and California policy makers. He went on to introduce the next speakers who 
helped to set the stage for the roundtable discussion through brief presentations on the state of 
energy, research, and development in the region and state.  

1. State of Energy in LA 

Matt Petersen is the Chief Sustainability Officer (CSO) of the City of LA. As the first CSO for the 
City of LA, he focuses on helping Mayor Garcetti create 20,000 green jobs in LA, creating a more 
sustainable and livable city and neighborhoods, and holding every city department responsible 
for cleaner air and water. Mr. Petersen was the founder and is currently a board member of 
Global Green USA, and also serves on the board of Habitat for Humanity of Greater LA. He is a 
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member of the Council on Foreign Relations, and is an advisor on energy and environment to the 
Clinton Global Initiative. 

Mr. Petersen said that the LA Mayor released the first Sustainable City pLAn in 2015, which has 

ambitious and time-bound targets. The pLAn addresses the three pillars of sustainability: 
environment, society, and economics. An important component of the pLAn is to decrease the 
unemployment rate through clean energy innovation and drive investment in these technologies. 
In reviewing the progress since 2015, the city has exceeded targets on electric vehicle (EV) 
chargers, with over one thousand publicly available in the city. But the city is moving slower on 

utility-level solar goals, with just 182 MW of installed capacity currently. The pLAn also introduces 
the city’s first building benchmarking ordinance, which places LA ahead of statewide energy 
codes. LA is on track to be the most sustainable city in the nation if the city reaches its goals. But 
collaboration between policy makers, industry and technology innovation are key. 

2. State of Energy in California 

Angelina Galiteva was appointed by California’s Governor and confirmed by the State Senate to 
the five-member Board of Governors of the California Independent System Operator (ISO) 
Corporation in 2011 and again in 2014. ISO is responsible for the reliable operation of the power 
grid in the state of California and for the efficient operation of the electricity market, including the 
integration of renewable energy project as mandated by State Law. Ms. Galiteva actively works to 
structure and advance the implementation of cutting edge energy policies that reflect the 
increasing role of renewable energy as well as the growing interconnection between 
renewables, storage, mobility, distributed energy, water storage and desalination technologies 
worldwide. She is also the founder and Chair of the Board for the Renewables 100 Policy Institute 
and serves as the Chairperson for the World Council for Renewable Energy. Both organizations 
are dedicated to the successful deployment of renewable energy technologies and the policies 
that support them on a global scale. Ms. Galiteva, is also a Principal at NEOptions, Inc., a 
renewable energy and new technology product design firm focused on developing innovative 
solar powered solutions. Her industry experience includes serving as Executive Director of the LA 
Department of Water and Power and head of its Green LA, Environmental Affairs and New 
Product Development Organization. While at the largest municipal utility in the USA, she was 
responsible for strategic positioning and the environmental compliance departments. Ms. 
Galiteva is an attorney and holds a J.D. and LLM Degrees, specializing in Environmental and 
Energy Law.  

Ms. Galiteva stated that the California grid is currently operating with about 46% renewable 
energy, and that the grid can easily support 60-70% renewable generation without a technical 

breakthrough. The only hindrance is a lack of vision and regional integration. The grid must 
become regional - we have a disjointed grid system and more integration is needed. An example 
of successful integration is Europe, where the grid is regionalized across country lines, allowing 
for the transition to renewables while maintaining the base load.  
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3. State of Clean Energy Technologies 

Dr. Eric Hoek is a Professor in the UCLA Department of Civil and Environmental Engineering, and 
co-founder and CEO of Water Planet. Water Planet develops and markets membrane-based 
water purification and separation product solutions and services. As an engineering professor his 
research and teaching span water treatment, desalination, membrane technology, and 
nanotechnology. His early research and inventions led to the formation of NanoH2O 
(nanoh2o.com), now LG Water Solutions. Later research and consulting activities led to the 
formation of Water Planet (waterplanet.com). Dr. Hoek collaborates with Global Classrooms for 
Peace (globalclassroomsforpeace.org) to improve sanitation and water issues for villages and 
settlements on remote islands of Fiji. 

Dr. Hoek briefly spoke about his research focusing on the energy-water nexus, on water reuse, 
treatment of wastewater and desalination. Water Planet, a startup stemming from Hoek’s 
research, is a company working to cut energy use through more efficient water purifying 
membranes. Dr. Hoek mentioned the importance of supporting faculty so they are able to 

quickly take prototypes to market, and in the example of Water Planet, Hoek took leave from 
UCLA to focus on the company. In fact he took leave three times for different startup companies.  

Dr. Rajit Gadh is a Professor in the UCLA Department of Mechanical and Aerospace Engineering. 
He is the Founder and Director of the Smart Grid Energy Research Center (SMERC) and Founder 
and Director of the UCLA WINMEC Consortium. Dr. Gadh has a Ph.D. from Carnegie Mellon 
University, a Masters from Cornell University, and a Bachelor degree from IIT Kanpur, all in 
engineering. His current research interests include modeling and control of Smart Grids, wireless 
monitoring and control of distribution and consumer-premise power grids, EV aggregation, 
modeling and control, optimized EV charging under grid and local constraints, Grid-to vehicle, 
Vehicle-to-grid and Grid-to-home architectures, automation and home area network for Demand 
Response, Micro-grid modeling and control, and, wireless-sensor and RFID middleware 
architectures. 

Dr. Gadh said that smart grids are vital for energy efficiency. Some new technologies being 
developed include using EVs as batteries for distributed energy storage. Currently the UCLA 
campus serves as a living laboratory for this work, and hosts 217 prototype EV chargers for this 

project.  

Dr. James Liao is the Parsons Foundation Professor and Chair in the UCLA Department of 
Chemical and Biomolecular Engineering. He is a pioneer in Metabolic Engineering, Synthetic 
Biology, and Systems Biology. Dr. Liao received his B.S. degree from the National Taiwan 
University and Ph.D. from the University of Wisconsin-Madison. His research has focused on 
metabolism, including its biochemistry, extension, and regulation. His current projects include 
engineering proteins and biochemical pathways for CO2 fixation and production of fuels and 
chemicals with the ultimate goal of using biochemical methods to replace petroleum processing 
and to treat metabolic diseases.  
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Dr. Liao remarked that CO2 is a harmful by-product of current energy generation, but we can’t 
stop producing it, so we have to figure out how to convert it to something useful. He is working 
on three ARPA-E funded projects for CO2 conversion, including converting CO2 into liquid, 

converting captured greenhouse gas (GHG) to liquid fuel using solar power, and engineering 
plants to increase CO2 fixation.  

Roundtable Participant Introductions 

Mr. Yaniv Tepper is a Co-Founder of the Angeleno Group, LLC, which is a pioneer in providing 
growth capital for next generation clean energy and natural resources companies. He oversees 
the Group's investment activities in renewable energy, waste management, and energy 
efficiency. Mr. Tepper has been a speaker and lecturer on topics including asset allocation, 
sector diversification, and alternative investing, and an author in major financial publications. He 
holds a B.S. in Mechanical Engineering from UC Berkeley, and M.S. degrees in Civil & 
Environmental Engineering and Management from M.I.T. 

Mr. Tepper stated that clean energy investments are profitable – an example is the company TPI 

composites that retooled an old Maytag refrigerator plant to a wind-turbine blade production 
facility and increased revenues. 

Dr. Bruce Dunn is the UCLA Nippon Sheet Glass Professor in the Department of Materials 
Science and Engineering. His research involves the synthesis of inorganic and hybrid organic-
inorganic materials and characterization of their electrical, electrochemical and optical properties. 
One of the principal themes of his research activities is the use of sol-gel methods to synthesize a 
number of the materials studied in the group. This synthetic approach enables the preparation of 
materials that incorporate a wide variety of organic and biological dopants and are capable of 
developing unique microstructures and properties. Dr. Dunn’s current research focuses on 
Electrochemical, Bio-hybrid, and Biomolecular materials.  

Dr. Dunn explained that he is working on research into faster charging batteries, connecting 
nano-battery storage technology with transparent solar (e.g., solar windows on buildings). 

Dr. Yang Yang is the UCLA Carol and Lawrence E. Tannas Jr. Endowed Chair in Engineering, and 
a Professor in the UCLA Department of Materials Science and Engineering. His notable 
contributions to the field of organic photovoltaics (OPV) are an enhanced understanding of 
polymer morphology and its influence on device performance; the invention of the inverted 
organic solar cell, the inverted tandem solar cell, photovoltaic polarizers for LCD applications, and 
transparent OPV devices. Together with Solarmer Energy Inc. (spun-off from UCLA) and Professor 
Luping Yu at the University of Chicago, he has taken part in the creation of several world record 
cells in OPV. In addition to organic solar cells, his group is also involved in the development of 
liquid-processable CIGS/CZTS photovoltaics; achievements include an approximately 11.2% PCE 
using a CISS absorber layer deposited from a solution-phase precursor system. Recently, Dr. 
Yang entered the field of perovskite solar cells, and demonstrated 19.3% power conversion 
efficiency by interface engineering and improved crystal growth process. 
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Dr. Yang stated that he conducts research in the future of solar panels - flexible and 
“transparent” solar panels that can be integrated into buildings and vehicles and applied to 
windows. 

Mr. Bill Corcoran is the Regional Campaign Director of the Sierra Club’s highly successful 
Beyond Coal campaign. He provides strategic guidance for all aspects of the campaign’s work in 
the West and Southeast to end the use of coal in the electricity sector and replace it with clean 
energy, as well as stopping proposed coal export terminals on the West Coast. A graduate of 
UCLA, Mr. Corcoran serves on the boards of the Zen Center of LA, the Western Clean Energy 
Campaign, the Interwest Energy Alliance, and the Tejon Ranch Conservancy. 

According to Mr. Corcoran, de-carbonization should be the highest priority. 

Dr. G.P. Li is a professor at the University of California, Irvine (UCI), with appointments in three 
departments: Electrical Engineering and Computer Science, Chemical Engineering and Materials 
Science, and Biomedical Engineering. He serves as division director of the California Institute for 
Telecommunications and Information Technology (Calit2) and director of the Integrated 
Nanosystems Research Facility in The Henry Samueli School of Engineering. He received his 
bachelor’s degree in electrical engineering from National Cheng Kung University (NCKU) in 
Taiwan, and his master’s and doctorate degrees, also in electrical engineering, from UCLA. Dr. Li 
has been involved in several startup companies as a co-founder or member of the technical 
advisory board. Currently, he directs TechPortal, a technology business incubator housed at the 
UCI division of Calit2, which supports and nurtures young companies and university researchers 
commercializing their technologies. His current research interests focus on developing 
technologies for efficient energy utilization and consumption, and e-health. 

Dr. Li said that operationally, UCI is the most efficient campus in the UC system. At UCI labs use 

about 33% of total campus energy, and therefore serve as a living lab for energy efficiency 
projects. He believes that the ‘internet of everything’ is a useful technological advancement, 
because consumers must have the ability to manage personal energy usage. 

Mr. William Torre is the Program Director for Energy Storage Systems at the University of 
California, San Diego and oversees research on developing energy storage and integration of 
renewable generation. This work includes energy storage demonstration projects that test and 
demonstrate advanced energy storage technology to improve the performance of microgrid 
operations and renewable generation. He is also involved in developing advanced power system 
controls and data acquisition for microgrid applications, including phasor measurement units. Mr. 
Torre’s energy research also involves electric transportation and utilization of automated demand 
response and vehicle to grid control to optimize overall microgrid operation and efficiency. 

Mr. Torre stated that he conducts research on solar generation and energy storage and works 
with Cleantech San Diego, a clean energy industry group.  

Dr. Jonas Peters is the Bren Professor of Chemistry in the Division of Chemistry and Chemical 
Engineering, and the Director of the Resnick Sustainability Institute at Caltech. He received a 
Ph.D. in inorganic chemistry from MIT, and a B.S. in Chemistry from the University of Chicago. Dr. 
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Peters’ current research interests include multi-electron redox reactions of small molecule 
substrates using late first row transition metals, dicopper cores as multi-electron redox shuttles 
and photochemical reductants, electrocatalytic hydrogen evolution at positive potentials, and the 
zwitterionic approach to catalysis mediated at late transition metal centers. 

Dr. Jonas stated that he researches how to convert sunlight into fertilizer in a joint center for 
artificial photosynthesis. (The Deputy Secretary said that there is a need to get inventors thinking 
about how to get products to market.) Dr. Jonas also briefly discussed Caltech’s FLoW program, 
which has been operating since 2011 with an initial grant from DOE. The program seeks to 

accelerate cleantech innovation through fostering student entrepreneurship. The program 
received a second award from DOE in 2015 (Cleantech UP) to continue the program for three 
more years. The students and mentors in the FLoW program benefit from relationships with the 
DOE national labs, the DOE’s National Incubator Initiative for Clean Energy (NIICE), the Electric 
Power Research Institute and DOE’s National Renewable Energy Laboratory. 

Dr. Gary Stern is the Director of Energy Policy at Southern California Edison (SCE). He has been 
an executive at SCE for over fifteen years, where he started by performing econometric 
evaluations of demand side management programs. From there he progressed into resource 
planning analysis, and worked extensively on the restructuring of California's electricity market 
during the mid to late 1990's. He headed a group that monitored the electricity market, which 
discovered the market manipulation by Enron and others, and brought the failures of the market 
to the attention of regulators and legislators, and worked on getting billions of dollars back in 
refunds. After that crisis he worked on meeting the future needs of SCE customers, through 
planning and strategic analysis of the electricity environment in which the company operates. 
Currently as head of the regulatory policy organization that leads case management and policy 
development for regulatory activity involving the California Public Utilities Commission, California 
Energy Commission, California Independent System Operator and Federal Energy Regulatory 
Commission. 

Dr. Stern highlighted the need for advancement in electrified transportation, and the need to 
develop greater efficiency through distributed energy. (The Deputy Secretary mentioned that 

new tech creates vulnerabilities to the grid from new threat vectors that must be addressed; 
machine-to-machine technology is needed.) 

Dr. Abhijit Mukherjee is an Assistant Professor of Mechanical Engineering at the California State 
University in Northridge, and the Director of the Energy Research Center. He earned a Ph.D. from 
UCLA, and Master degrees in Mechanical Engineering from UCLA and Villanova University. Dr. 
Mukherjee’s research focuses on the numerical and experimental study of the liquid-vapor 
interface with applications in boiling, condensation, combustion and multiphase flows. His other 
areas of interest include Renewable Energy and Fuel Cells. 

Dr. Mukherjee said that he works on applied research in portable solar energy generation, 
portable desalination and distributed energy. 
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Dr. Sandrul Ula is the Managing Director of Winston Chung Global Energy Center, a new 
research center at the University of California, Riverside, Bourns College of Engineering. He is 
also a Research Faculty at the College of Engineering Center for Environmental Research and 
Technology (CE-CERT) and part of the Southern California Research Initiative for Solar Energy 
(SC-RISE). He works on research, development and outreach aspects of electrical energy 
storage, power transmission and distribution, smart grids, solar photo-voltaic (PV), solar thermal, 
concentrated PV (CPV) and concentrated solar (CSP), as well as wind energy. During 2004-05 he 
served as the Energy Advisor to the Governor of Wyoming, the largest energy producing state in 
the country. He was the liaison between the Governor's Office and the newly formed Wyoming 
Infrastructure Authority whose mission is facilitating development of electric power generation 
and transmission from Wyoming. Over the years he had advised various Electricity and Energy 
ministers/officials of Bangladesh Government on energy planning and management. While at the 
University of Wyoming (UW), Dr. Ula served as Professor of Electrical Engineering and founding 
Director, Wyoming Electric Motor Training and Testing Center. He received his Ph.D. degree in 
Electrical Engineering from the University of Leeds, UK. 

Dr. Ula explained that he runs test beds for batteries, including zero-net energy building 
research and distribution grid-level testing.  

Dr. Douglas Rotman is the Energy Program Manager at Lawrence Livermore National Laboratory 
(LLNL). He began his LLNL career working across atmospheric chemistry, climate and energy. Dr. 
Rotman has served as group leader for Atmospheric Chemistry, deputy division leader in the 
Atmospheric Science Division, program leader for Energy and Environmental Programs and 
Program Director for Energy and Environmental Security. His research interests include energy 
systems research, integration of new technologies onto smartgrid systems and climate analysis at 
the global and regional scale for improved formulation of climate change adaptation strategies. 
Dr. Rotman holds a Ph.D. in Mechanical Engineering from UC Berkeley. 

Dr. Rotman stated that he focuses on high performance computing for grid management and 
cyber security.  

Dr. Albert Carnesale is Chancellor Emeritus and Professor at the University of California, LA 
(UCLA). He was Chancellor of the University from July 1, 1997 through June 30, 2006, and now 
serves as Professor of Public Policy and of Mechanical and Aerospace Engineering. His research 
and teaching focus on public policy issues having substantial scientific and technological 
dimensions, and he is the author or co-author of six books and more than 100 articles on a wide 
range of subjects, including national security strategy, arms control, nuclear proliferation, the 
effects of technological change on foreign and defense policy, domestic and international energy 
issues, and higher education. Dr. Carnesale holds a bachelor's degree in mechanical engineering 
(Cooper Union), a master's degree in mechanical engineering (Drexel University), and a Ph.D. in 
nuclear engineering (North Carolina State University). 

Dr. Carnesale said that his career was marked by the Cold War. He was pivotal in the 

international work on nuclear non-proliferation and remarked that clean energy, climate change 
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and transforming transport and energy systems to be sustainable are the equivalent challenges 
of our generation.  

Mr. Randy Britt is the Director of Sustainability at Parsons Corporation based in Pasadena. In this 
position, he is responsible for the development of sustainability programs, energy conservation 
projects, and renewable energy projects for Parsons commercial and public clients throughout 
the world. His experience includes in depth management of energy conservation and 
sustainability building audits and managing energy management systems installations and 
operations. Mr. Britt is currently working on energy efficiency, LEED certification, and renewable 
energy project management for municipal agencies and private sector businesses throughout 
the U.S. and the Middle East. 

Mr. Britt said that Parsons does ground-breaking work on developing resilient and sustainable 
projects across the world, particularly in building out smart grids. An example of a cutting edge 
project that Parsons is leading is the LEED Platinum airport in Mexico City, which will be the first 

of its kind.  

Mr. Michael Kadish is the Executive Director of GRID Alternatives for Greater LA (GLA), which 
installs solar electric systems for low-income families with assistance of volunteers and job 
trainees. He has been the Executive Director of GLA since 2013 and previously served on its 
Board of Directors. Mr. Kadish has over fifteen years of experience in public affairs, non-profit 
consulting, communications, clean-tech, and politics. His advocacy work includes the successful 
passage of clean energy legislation on both the local and federal levels. He holds a Bachelor 
Degree from Columbia University and a Masters Degree from Harvard University Kennedy School 
of Government. 

Mr. Kadish stated that clean energy solutions do not mean anything if they are only applied in 

high-income areas and not in lower-income regions of LA. And that the cost of grid maintenance 
must be dispersed across all energy users, not just those who cannot afford solar panels on 
single-family homes. He emphasized that technical job training is key to quickly building a 
workforce to scale up renewable energy installation and to give low-income people ownership in 
the energy transformation of our city. (Deputy Secretary added that community colleges can 

create training programs and industry partnerships.) 

Mr. George Minter is the Regional Vice President for External Affairs and Environmental Strategy 
for Southern California Gas (SoCalGas), the nation’s largest gas utility. He is responsible for the 
Company’s external affairs, communications, public policy and energy and environmental affairs 
functions. Mr. Minter is a long time public policy professional specializing in energy and 
environmental matters, policy development, communications and political advocacy. He is an 
Honors graduate of the University of California at Berkeley.  

Mr. Minter explained that SoCal Gas is working on pathways to remove pollution and CO2, as 
gas has a role to play in the transition to a clean energy and low carbon future.  

Mr. Erik Steeb is the Chief Programs Officer at the LA Cleantech Incubator (LACI), where he runs 
Portfolio Company programs with an eye toward scaling breadth, quality and capacity. In 
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addition, Erik focuses on expanding LACI’s Satellite programs. He brings a wealth of relevant 
experience to LACI and Cleantech LA. He is Executive Director of the Western Division of the 
Cleantech Open, and sits on the executive committee of the First Look West DOE University 
Clean Energy Challenge. Through these organizations, Mr. Steeb works with more than 100 early 
stage companies each year, honing their business strategies, connecting them with investors, 
customers, business partners, and advisors. He is also co-founder and managing director of 
Segue Consulting, providing interim operations, marketing, finance and executive office 
leadership for early to mid-stage companies in cleantech and high-tech. Prior to his move to 
cleantech, Mr. Steeb held senior management roles in high-tech marketing, sales and business 
development, most recently with Intel Corporation. He holds a BS in Electrical Engineering from 
the Georgia Institute of Technology and an MBA from UCLA’s Anderson School of Management. 

Mr. Steeb said that LACI aids economic development through green tech, and positions LA as 
the city leading the green tech revolution. 

Ms. Tami McCrossen-Orr is the Policy Advisor for Environmental and Land Use Planning at LA 
World Airports for AECOM. She holds a dual Bachelor of Arts in Economics and Diplomacy & 
World Affairs from Occidental College and a Juris Doctor from Loyola Law School. Ms. 
McCrossen-Orr has experience in all phases of commercial disputes and litigation including 
pleadings, discovery and discovery motions, depositions, dispositive motions, pre-trial, trial, and 
post-trial motions. 

Ms. McCrossen-Orr said that LAX is the largest power consumer in LA, but with ambitious (USD 
$7 billion) plans to modernize. Between 2010 and 2015, the airport decreased energy use by 
35%, mainly by switching all lights to LEDs and by installing a new central power generation 
plant that is more efficient.  

Open Discussion and Concluding Observat ions 

After the roundtable introductions a discussion ensued about the local needs to foster technical 
innovation. The group agreed that California needs continued solar subsidies to level the playing 
field against subsidized fossil fuels and to facilitate utility-scale solar and wind development. 
Additionally, the group discussed the need for both large-scale and small-scale storage solutions, 
but, as the technology does not exist yet, smart grids are the place to start in terms of efficiency.  

Additional work needs to be done on reconciling the desire for virtual net metering and the utility 
companies’ need to cover the costs of grid repair and maintenance. Negotiations are also 
needed for the cost of third party access to utilities.  

The group also reinforced Southern California’s strengths as a hub for a regional energy 
innovation center, given that there are different scale communities that can function as test beds. 
Furthermore, existing integration and collaboration between innovation centers has potential to 
create systems that are greater than the sum of their parts.  
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R o u n d t a b l e  D i s c u s s i o n  Q u e s t i o n s  

The goal of the roundtable discussion was to facilitate discussion identifying the region’s clean 
energy needs and challenges as they relate to the state and region’s ambitious climate and 
energy goals and to identify next steps on our pathway to clean energy in Southern California. 
During the allotted time we were able to learn about how each of the participants and their 
affiliated organizations could contribute to a concerted effort to transition the region to clean 
energy. There were several roundtable discussion questions that were not adequately addressed 
during the roundtable discussion due to time constraints. Therefore, roundtable participants (or 
representatives from their organizations) were provided an opportunity to respond to these 
thought questions online a couple of weeks after the roundtable event. Below are several 
important though questions specific to Southern California’s clean energy ecosystem and the 
responses from a number of roundtable participants. Note that only copy edits were applied to 
the responses below. 

1 .  What are our  immediate c lean energy needs to meet 

Cal i fornia ’s  goal  of  gett ing 33% of  our  energy from 

renewable sources by 2020 and 50% by 2030? What 

unique chal lenges do we face in  the Southern Cal i fornia  

region in  meeting these goals?  

William Torre, UC San Diego 

The San Diego region is well on its way toward achieving the goal of 50% renewables in 
California by 2030. Load and generation patterns that are representative of the California 
Independent System Operator (CAISO) “Duck Curve” are already evident in much of the region’s 
renewable-rich territory. As distributed generation continues to surge, the region will require the 
ability to provide low cost, efficient ways to store and dispatch many types of renewable 
generated electrical energy. The state’s Renewable Portfolio Standard brings significant changes 
to the utilities’ bulk generation mix. Stabilization of this growing capacity will require new 
technologies in order to effectively operate the grid. Because a substantial portion of this 
renewable generation will consist of distributed and variable renewable generation from wind 
and solar, both bulk and distributed forms of energy storage will be needed. Development of new 
low cost highly efficient forms of energy storage, as well as sophisticated forecasting, 
management and dispatch systems are needed. UC San Diego is working with one of the State’s 
largest solar generating facilities to incorporate solar forecasting algorithms that render 
significant improvements in operations. Clearly, expansion of this and other programs to optimize 
system operations of major renewable generation facilities will need to be highly integrated with 
the greater grid operating systems. 
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It is also important that new and enhanced automated systems for “in front of” and “behind the 
meter” applications are developed to control the generation of power and modulate power 
consumption (demand management, demand response and dispatchable load). The roles of 
these new systems are intended to significantly improve control of the demand side of the 
supply-demand equation, which facilitates matching the generation supply and increasing overall 
efficiency. These new Distributed Energy Resource Management Systems (DERMS) will need to 
be developed using rationally developed interoperability standards and will interface with 
customer end use devices, power grid utility devices, generation resources, and intersect with 
the transportation sector through the control of EV charging/discharging (see discussion below). 
In general, DERMS integration efforts are likely the single most important near term focus area 
because the ability of these systems to perform discrete and scalable control at or near the DER 
systems will significantly reduce stress on an already aged and cost constrained grid system. The 
State’s growing PEV population has the potential to play a significant role in this process. 

It is important to also keep in mind that, longer term, climate science indicates that much deeper 
reductions in overall CO2 emissions are going to be needed by the 2050-time frame. It is 
therefore important to consider how decisions will be made to incorporate 50% renewable 
energy by 2030. This will determine the conditions for achieving the deeper reductions that will 
have to be made afterwards, and to frame the research, development, demonstration & 
deployment agenda appropriately. 

Bob Musselman, on behalf of LA Cleantech Incubator 

The only classic "renewable technologies" that can meet this demand are solar and wind, and the 
generation technologies are well developed. But these technologies will not suffice without utility 
scale storage. The only utility scale storage developed to date is concentrating solar power using 
“power towers” or “troughs” with large-scale thermal fluid bulk heat storage. Two large-scale 
plants have been developed in California, but have gained little traction with environmentalists or 
investors. Therefore, the energy “needs” are for further development and/or adoption of large 
scale energy storage, and upgrade of transmission of energy from sources (central California for 
wind, desert areas for solar) to large demand centers such as LA, San Diego and San Francisco. 
A third alternative for energy generation is safe, more efficient nuclear such as being developed 
in the form of small modular reactors (SMRs) by companies such as General Atomics and 
Nuscale. However, this would require a political re-definition of “renewable energy.” A unique 
challenge for Southern California is electric grid transmission upgrades to get renewable energy 
from sources to large demand centers. 

Doug Rotman, Lawrence Livermore National Laboratory 

Improved grid planning and renewable forecasting tools would allow us to better integrate 
intermittent sources and better understand the growing interactions between the transmission 
and distribution systems. Also, the expansion of geothermal power would give us more base load 
renewables to integrate with wind and solar. 
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City of LA 

LA is on track to meet 33% renewables by 2020, but needs to go further on local solar to meet 
the City’s goals. The City is working on properly aligning incentives to attract local solar 
investment and increase access to low-income residents. 

Abhijit Mukherjee, California State University, Northridge 

Distributed generation and storage. Consumers should be encouraged to meet the renewable 
goals by modifying homes, offices, commercial establishments, etc. A challenge is that Southern 
California is a highly populated area with diverse groups and conflicting interests.  

Neil Fromer, on behalf of the Resnick Sustainability Institute, Caltech 

From a fundamental science perspective, the challenges of a 33% renewable grid are actually 
quite in hand. Developing and deploying pilot projects to increase reliability with a larger fraction 
of renewable generation is needed, but are generally beyond the work going on at Caltech. In 
Southern California on that shorter timeframe, the biggest challenge is the sudden loss of the San 
Onofre Nuclear Generating Station (SONGs), which has led to increased gas fired power, and the 
utilities (SCE largely) now have the opportunity to develop pilot projects that fill in the capacity 
and the grid support functions of SONGs using renewable resources. 

The 50% goal is a bit loftier, and there is a whole host of fundamental science and engineering 
investigation that needs to take place to optimize the grid for larger penetrations of renewable. 
Some of this is increasing efficiency/reducing cost of solar systems and especially of battery 
storage (of all scales). Also a focus on the deployment of EVs and the charging infrastructure for 
them. The biggest research challenges to meeting the 50% goal will come around adding smart, 
adaptive control of demand side resources in order to help keep the system stable. Lab research 
is still being done on how much of this is possible, and that needs to be supported with applied 
research that eventually leads to field trials and pilots. 

Rajit Gadh, UCLA 

We have to use solar energy and other renewable and clean energy as sources for deferrable 
loads, such as Electric Vehicle (EV) charging with EVSmartPlug technology and WINSmartEV 
infrastructure. Solar energy supply is ample in Southern California, but the EV and other load 
demand does not conform well to the solar generation profile. Proper energy storage and user 
scheduling are needed. 

George Minter, SoCalGas 

While the focus has been on renewable ELECTRICITY -- 33% and 50% -- the purpose is to reduce 
emissions (reduce carbon content of energy) and reliance upon depletable resources. We need 
to think about gas supply in the same way as we have focused on electric supply for the past 30 
years. There are many sources of renewable gas – in fact the Air Resources Board’s Short Lived 
Climate Pollutant plan is focused on biomethane to atmosphere – which is a big climate problem 
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(methane has higher GWP than CO2). California is now focused on capturing its biomethane – 
and to do so means we need to move it as an energy resource into the gas system for delivery to 
customers. That effectively is renewable gas replacing fossil gas – increasing the renewable 
percentage of our gas supply. In the state’s inventory of methane, over 85% comes from the 
human production and waste chain – waste treatment, landfills, dairies, agriculture operations 
and woodland waste. 

Existing biomethane resources can displace 15-20% of the state’s current fossil gas volumes. 
Purpose grown crops – another pathway envisioned by the ARB, if dedicated to biomethane, can 
displace another 15-20% of fossil gas – bringing gas supply upwards to 40% renewable.  

Then there is new Power to Gas technology (P2G) that uses excess renewable electricity 
produced during times of low demand, which can be directed through water in an electrolysis 
process to produce hydrogen, which is essentially stored energy that can be blended into the 
gas pipeline system or “methanated” (a Sabatier or “shift” reaction with captured CO2) and 
delivered as gas for heat, or for power at a later point in time. This adds additional renewable gas 
volumes to continue the “decarbonization of the pipeline”. P2G is a promising electric to gas 
storage technology that has a broader application and potential than mere battery storage. 

We also need to deploy immediately available near zero technology, like fuel cells in our 
stationary applications; and ultra-low NOx truck engines in our heavy-duty transportation sector 
(“near zero” or “electric equivalent” heavy duty engines are available NOW). 

Gary Stern, Southern California Edison 

We are well on our way toward 33% by 2020 with no significant challenges or impediments likely 
to interfere with that goal. We appear to be off to a good start towards 50% by 2030, despite the 
fact that California’s definition of counting RPS, unlike any other State, does not include rooftop 
solar, which is rapidly expanding. Our one potential challenge is the operational impacts of 
adding what will likely be predominantly solar power based on current economics. These 
challenges, well described by the CAISO as the “duck curve” include times of excess generation 
compared to load in the middle of the day, particularly in Spring when loads are low and hydro 
power from snow melt exacerbates the excess generation, and the evening ramp as the sun sets 
and the solar power rapidly goes away while lighting needs add to system demand. Moving from 
the high generation period to a low solar power period strains the system. 

Angeleno Group 

Although California is highly progressive with regards to renewable energy, distributed solar, 
both for residential and commercial end-users, needs to be installed at a higher velocity in the 
near future. Utility scale solar projects continue to be constructed at a reliable rate, but putting 
the impetus behind more distributed generation assets can help California tap into unutilized 
capacity and achieve its renewable energy goals.  
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Angelina Galiteva, California Independent System Operator 

Ensuring that we can reliably and cost effectively integrate the renewables coming on to our 
system. There is no silver bullet, but various efforts like appropriate time of use pricing, flexible 
capacity, reliability services provided by renewables, and regional integration will be key. This is 
especially true for Southern California as solar has seen significant growth and created 
opportunities in the middle of the day for storage based technologies (both stationary and 
mobile). 

2.  How wil l  Southern Cal i fornia  reduce petroleum use in  cars  

and trucks by 50% by 2030? What are the chal lenges 

specif ic  to Southern Cal i fornia  in  reaching this  goal?  

William Torre, UC San Diego 

More convenient and efficient charging infrastructure, associated control systems, and regulatory 
reform is needed to foster higher penetration of EVs. Development of smart charging and vehicle 
to grid (V2G) capability in EVs and associated electric charging infrastructure in addition to 
making charging more available and affordable will also help to meet the renewable generation 
goals referred to in question one above. Smart charging similar to the 26 EV chargers installed 
and under test at UC San Diego can provide a way to provide more affordable vehicle charging, 
but also improve overall power grid reliability and increase use of renewable generation through 
dynamic pricing. 

Bob Musselman, on behalf of LA Cleantech Incubator 

The obvious answer is accelerated adoption of EVs. EV adoption requires the following: 1) 
Continued subsidies at the Federal and State level, along with perks such as High Occupancy 
Vehicle (HOV) lane access; and 2) As EV battery technology improves and charging times are 
shortened, the demand for very high charge rates at charging stations will put pressure on higher 
amperage delivery at local charging stations, a challenge for local utilities for which there is little 
compensation for infrastructure (larger local transformers) improvements. An alternative is energy 
storage at the charging stations themselves so that the station can accept lower steady state 
amperages and then dispense energy to EVs at a higher rate on demand. That will require a 
different employment of batteries or flywheel energy storage. Reducing petroleum use in trucks 
is a larger problem. One scheme proposed by Grid Logistics, AECOM, and Hyperloop is the use 
of underground tunnels moving cargo containers from the ports of LA and Long Beach to inland 
freight terminals using electric railcars underneath existing highways. 

Doug Rotman, Lawrence Livermore National Laboratory 

Nothing really new here – we just need to do more and better – expansion of electric cars and 
renewably produced hydrogen fuels for large trucks. 
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City of LA 

With EV's becoming more affordable and with state and federal rebates in place, we must meet 
the availability of EV's with availability of charging stations. Biggest challenge for passenger 
vehicles is range anxiety, yet most EVs have sufficient range for most drivers' needs. We are 
learning how to remove infrastructure barriers and utilize incentives by leasing 100 EVs at LAPD, 
and sharing those lessons. The biggest challenge for electric trucks is market confidence on 
behalf of producers. Cities and state can help by committing to electric trucks and buses and 
send a signal to the market that demand is there. 

Abhijit Mukherjee, California State University, Northridge 

Heavily invest is public transportation. A robust public transportation system is required, 
especially in Southern California. Changing people’s habits will be the key. 

Neil Fromer, on behalf of the Resnick Sustainability Institute, Caltech 

The state has put a strong emphasis on electrification of vehicles, but there are real concerns 
about our ability to meet a high level of penetration of EVs by 2030, while also continuing to 
reduce emissions from the electricity production. From a fundamental science and engineering 
perspective, the biggest goals that should be addressed are the development of advanced 
transportation batteries and charging infrastructure, and the development of renewable liquid or 
gaseous fuels. Renewable hydrogen generation as a fuel source is certainly feasible by 2030, 
and renewable methane/methanol/other hydrocarbon fuels might not be commercially ready by 
that point, but the continued development of such technologies is imperative if we are going to 
hit this goal. 

Rajit Gadh, UCLA 

Encouraging the adoption of clean energy vehicles, such as EVs, Plug-in Hybrid Electric Vehicles 
(PHEVs), etc., to shift the dependence of transportation energy consumption from fossil fuel to 
clean sources is the way to move away from petroleum run cars and trucks. Accordingly, to 
support large-scale adoption of EVs and PHEVs, EV Supply Equipment (EVSE) providing different 
types of renewable and clean energy should be installed in places easily accessible to the drivers 
of clean vehicles. For Southern California, investing in the deployment of more EVSE will facilitate 
the penetration of clean vehicles, in both residential and commercial areas. 

George Minter, SoCalGas 

Again, in our transportation sector – and not just buses and trucks, but also rail and marine – 
natural gas, and renewable gas, is the alternative to reduce carbon and reduce polluting 
emission like PM and NOx. As light and medium duty vehicle go electric and fuel cell – for heavy-
duty transit and public fleets an engine is now available that is at “electric equivalent” tailpipe 
standards; and transit and public fleets are now ordering such engines. These are 90% cleaner 
than today’s engines. Next year a similar “near zero” engine for heavy-duty trucking will become 
available. In the LA area 80% of the polluting emissions are from the Heavy Duty Transportation 
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sector – all of these applications can move from diesel and bunker fuel to natural gas and 
renewable natural gas to reduce both criteria pollutants (under Clean Air Act) and GHGs (under 
AB 32) -- Buses, Trucks, Off-road equipment (construction), Rail and Marine. 

Gary Stern, Southern California Edison 

From the electricity sector perspective (SCE is an electricity company) our focus is on 
accelerating the growth of transportation electrification to the extent possible. Our primary 
contributions will be charging infrastructure, education, and electricity rates that when designed 
to track the costs of providing electricity, should provide a much lower fuel cost than petroleum. 
As solar power grows and daytime electricity becomes low cost, long dwell time charging 
infrastructure for daytime charging will need to be greatly expanded to meet the anticipated 
demands as lower cost EVs become, hopefully, ubiquitous. Meanwhile progress on trucks, buses, 
and other petroleum using transportation must also be addressed with electrification (or other 
non-petroleum) solutions. 

Angeleno Group 

Incrementally changing driver habits, whether it’s from a government, business or consumer 
perspective is a big challenge. However, Angeleno Group has seen a trend of smarter 
transportation practices that can play a promising role in reducing petroleum usage of cars and 
trucks in Southern California. From applying data analytics to traffic signals in Los Angeles, to 
enterprises partnering with fleet logistics companies and the proliferation of crowd-sourced cars 
and trucks, Southern California is on the road towards better transportation efficiency, which will 
hopefully lead to fewer cars on the road. Telogis is a Southern California based company that 
Angeleno Group has identified and invested in that supports this thesis. Telogis provides vehicle 
telematics and fleet management solutions that help businesses manage their mobile assets to 
increase route efficiency and reduce fuel consumption.  

Angelina Galiteva, California Independent System Operator 

Electrify transportation. With price discovery like what is provided in the CAISO markets, vehicles 
can charge at the appropriate times and use renewable energy.  Additionally, providing hydrogen 
fuel solutions that are based on utilizing low cost surplus renewable energy will also be an 
increasingly viable option. 

3.  What are some of  the feasible  pathways for  doubl ing the 

eff ic iency of  exist ing bui ldings by 2030 and making 

heating fuels  c leaner?  What are the chal lenges specif ic  to 

the Southern Cal i fornia  region in  reaching this  goal?  
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William Torre, UC San Diego 

The population of built environments in California is highly diversified. Many of the newest 
residential and commercial/industrial property developments constructed under CA Title 24 have 
significant improvements over the prior generations of buildings. In general, retrofits focused on 
these earlier generations of buildings have the potential to yield a large portion of this statewide 
goal to double efficiency. Climate zone appropriate measures must be ratified. A holistic 
approach to energy supply and consumption needs to be considered including both the electric 
power consumption and heating and air conditioning requirements. Much greater efficiencies can 
be achieved through combined heat and power applications. Renewable rooftop generation can 
be combined with energy storage to supply locally stabilized power, and advanced fuel cells (in 
some cases using renewable bio-methane) can provide electric energy production and the 
associated heat product can be used for both heating and cooling (absorption chillers). UC San 
Diego has recently demonstrated the feasibility with its 2.8 MW fuel cell by capturing the heat 
product and coupling it using an absorption chiller to produce chilled water. This system yields 
350 tons of air conditioning capacity on campus, supplying most of the energy needed to 
condition two hospitals and their associated research laboratories. Effective implementation of 
combined heat and power potentiates double the overall efficiency, and with more research 
focus the goal of 50% energy reduction is highly realistic. 

Bob Musselman, on behalf of LA Cleantech Incubator 

Several technologies have been developed to improve the efficiencies of refrigeration and air 
conditioning systems by cleaning both the inside and outside of heat exchanger tubing, removing 
scale and improving heat transfer. Improvements in instrumentation and IoT technologies will 
allow for more specific monitoring of HVAC and refrigeration systems for optimized control and 
higher efficiencies. Additionally, building integrated photovoltaics (BIPV) can be used more 
extensively in new construction, which will yield efficiencies nationwide, but especially in 
Southern California. 

City of LA 

Removing all barriers to energy data is the first step toward energy efficiency. AB 802 is trying to 
address this, but it will be critical that implementation goes smoothly. To double energy 
efficiency, all large buildings in the state should undergo an energy audit and implement the 
recommended retrofit measures that pay for themselves in five years or less. Smaller buildings 
and single-family homes can forgo the audit and simply install selected retrofits. A key challenge 
will be financing. Allowing utility programs to align with state or local mandates will help owners 
comply. Advocating for PACE and on-bill financing will also help.  

Abhijit Mukherjee, California State University, Northridge 

Identify consumers who are wasting energy and motivate them to change. Most people 
are wasteful in nature, but they don’t know it. 
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Neil Fromer, on behalf of the Resnick Sustainability Institute, Caltech 

See some of the renewable fuels discussion, above, but given the climate and environment of 
Southern California, the heating and cooling loads for buildings should be manageable with much 
less energy if smarter systems are put in place to passively control living and working 
spaces. Some of these ideas are quite mature, but there are many opportunities to develop new 
insulation materials or window/roof coatings that can play a large role in improving building 
energy management as well as urban heat islanding. In addition, the grid control infrastructure 
designed to meet high renewable electricity penetration can utilize building HVAC systems as a 
schedulable distributed resource that can be managed actively to adjust demand. These 
research areas need fundamental and applied project to develop them further. 

George Miynter, SoCalGas 

The above approaches describe new natural gas pathways that can help us increase our energy 
efficiency in buildings and also reduce the carbon content of heating fuels – “make our heating 
fuels cleaner”. Governor Brown, in announcing the need to “make heating fuels cleaner” in his 
2015 State of the State address, understood that we need to decarbonize the gas sector, as we 
will be using combustion – especially for heavy duty engines and for heating and other 
manufacturing processes in our commercial and industrial sectors. Biomethane development is 
key. So is developing purpose grown crops toward biomethane away from ethanol. So is Power 
to Gas technology. But also critical is the siting of highly efficient and low emission gas 
technology for this sector – particularly the building sector. Combined heat and power 
applications significantly increase our building efficiency by providing both heat and power on 
site, increasing efficiency of electric generation by eliminating line loss inefficiencies, but also by 
using the same energy resource to provide for heat requirements. Also critical is deployment of 
fuel cells that provide electricity and heat with virtually no emissions. Running these applications 
on renewable gas brings their carbon profile to near zero, zero, or even below zero – cleaner 
than electricity, given only a 50% RPS factor for electricity! 

Gary Stern, Southern California Edison 

One of the primary impediments to improving the efficiency of existing buildings for the Investor 
Owned Utilities has been the paradigm that only provided funding and goals for savings beyond 
existing codes and standards. With legislation that passed in 2015, we are in the process of 
developing programs to target “to code” savings, which will expand the potential for efficiency 
from existing buildings. 

Angeleno Group 

Energy storage is an area that Angeleno Group feels will be transformative for energy efficiency 
in existing buildings. Predictive energy software combined with the cost down trend of lithium-ion 
batteries is a simple way to deliver energy savings. To enable increased installations of these 
systems will require commercial building owners to recognize the value proposition of 
automating their energy management. Stem, one of Angeleno Group’s portfolio companies, has 
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developed data analytics combined with energy storage that learns a building’s energy profile to 
deliver energy when it matters most. The Stem system lowers energy bills with no change to 
operations and delivers actionable insights for building operators.  

Angelina Galiteva, California Independent System Operator 

Creating programs that are impactful and verifiable to reducing peak and overall demand is 
critical to reaching our goals. Fuel switching to renewables presents a large opportunity to 
decarbonize the economy while still providing reliable service. For Southern California, 
transportation electrification and the pricing signals and infrastructure to support its growth will 
be important areas to focus on. 

4.  How can we accelerate c lean energy innovation 

in  Southern Cal i fornia?  What are the major  obstacles  to 

providing affordable c lean energy to consumers and 

creat ing addit ional  commercia l  opportunit ies  in  c lean 

energy? 

William Torre, UC San Diego 

Accelerating clean energy innovation will require two major accomplishments: 1) Increased level 
of energy related research and demonstration projects. To achieve the State, Federal and 
International goals in Southern California and nationwide, for that matter, requires a drastic 
emphasis on innovation, which, in turn, will require additional investment in feasibility 
assessments, road-mapping and core focused research. Studies have shown that the energy 
sector has received a small portion of the overall investment in research. Acceleration of the 
clean energy sector will require renewed emphasis on research and demonstration projects. 2) 
Support for accelerating the transition of innovations developed in research environments toward 
commercialization. More support is needed and emphasis placed on moving new innovation from 
the laboratory to deployment and testing in the field at an accelerated pace. Many new 
innovative technologies in the clean energy sector are dying on the vine because they cannot 
pass through the “valley of death” to demonstration and eventual commercialization, more 
support and investment by DOE is needed in this area. UC San Diego is participating in a 
Regional Energy Cluster in San Diego by providing a test bed utilizing its microgrid and living 
laboratory as a platform for emerging energy technologies to test and demonstrate. DOE Mission 
Innovation could support this type of effort. 

The major barriers to providing clean energy include much needed regulatory reform and 
streamlined rules for interconnection and implementation by local utilities. The regulatory rules 
were set and based on supporting vertical integrated utilities with a rate structure to support 
monolithic implementation and control of the system. As the paradigm shifts away from 
centralized plants toward distributed renewable clean generation, regulatory reform is needed to 
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allow and encourage emerging technologies to capture full benefits and revenues. This will, in 
turn, result in increased investment and accelerated implementation of clean energy. The 
interconnection rules and tariffs implemented by local utilities were developed and implemented 
based on increasingly obsolete rules that do not reflect the needs and capabilities of increasingly 
modern population of control and energy systems. These largely arcane paradigms need to be 
modified and streamlined to allow the ability to install new clean energy technologies without 
waiting months to years to follow through the filings and process required for interconnection by 
local utilities. 

Bob Musselman, on behalf of LA Cleantech Incubator 

Accelerating innovation requires incentives for both development and adoption. Public-private 
initiatives such as the LA Cleantech Incubator, grants, and other sources of funding are key to the 
innovation side. Subsidies provided by utilities, but funded by government, are key to adoption. 

Bruce Dunn, UCLA 

We need better integration of clean energy generation (wind, solar) and storage. The ability to 
put storage in homes to be used at night or at low wind times will be a disruptive technology that 
will, in turn, greatly increase the demand for renewable sources.  

Doug Rotman, Lawrence Livermore National Laboratory 

We are only beginning to tap the power of High Performance Computing (HPC) to enable greater 
innovation. HPC does not take the place of experiments, testing, and demonstrations – but, much 
broader use of HPC can help explore areas of new thinking and can enable thinking “beyond 
what we think is possible”. An emphasis should be placed on enabling small businesses (not just 
multi-national companies). 

City of LA 

Market adoption of new technologies always has a slow start. The SoCal utilities have a large role 
to play in helping the technologies penetrate residential and commercial markets. State and local 
policies also have a key role to play (e.g. CA storage mandate is a great example). Removing 
code barriers to allow new technologies is an important piece. Getting the technology (e.g. 
storage, auto DR appliances) into homes is difficult and will require proactive 
intervention/outreach. The challenge remains on how to scale up demonstrations (e.g. LADWP 
smart grid pilot, UCSD microgrid). 

Abhijit Mukherjee, California State University, Northridge 

The technology is there; we need implementation and job creation. It will start from investing in 
educational institutions as models. 

Neil Fromer, on behalf of the Resnick Sustainability Institute, Caltech 

Perhaps the solution is to create pilot projects or new energy technology “zones” within the 
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Southern California area to more rapidly prove out technologies. More resources are necessary 
for prototyping, piloting and testing new energy projects, and supporting translational science out 
of the lab and into the marketplace as quickly as possible. 

Rajit Gadh, UCLA 

Acceleration of clean energy innovation in Southern California will require the participation of 
both energy providers (e.g. utilities) and energy users (e.g. customers). To bring both sides 
together, a solution that is grid-and user-friendly is needed. Therefore, the priority should be the 
development of intelligent applications that will provide customers the option to integrate 
renewable energy generated in their homes to the grid. Current obstacles to overcome include: 1) 
lack of pricing strategies that encourage customers with renewable energy generation 
capabilities to participate in the energy market; 2) lack of advanced and integrated control 
strategies for EVs, solar generations, etc., to guarantee energy delivery efficiency and high level 
of customer satisfaction. 

George Minter, SoCalGas 

One thing is that we need to move from ideological positioning in our policy development and 
regulations – to focus on the goal – which is emission reductions. We need to allow technologies 
to develop – and to be deployed – that can achieve our goals – in the timeframe needed. 
Electrification of all energy end uses is NOT the goal. It may be a means to a goal – in numerous 
applications. But so is near zero or electric equivalent combustion technology, also in appropriate 
applications. We need to turn our economic incentives towards technology deployment. We have 
a 90% cleaner combustion engine. It needs to be deployed over the next 15-20 years to achieve 
the benefits it can deliver – especially when our scientific assessment (by ARB) is that electric of 
fuel cell alternatives are not ready for another 15-20 years. What prevents us from actually 
achieving goals is ideological pre-disposition that we know the answer – causing us to miss the 
solutions facing us. 

We also need public incentives – such as those utilized over the last 30 years to decarbonize our 
electric sector – to now be turned towards incenting deployment of near zero combustion 
technology and de-carbonization of our gas sector. And that means biomethane development 
and Power to Gas development. 

Angeleno Group 

Nurturing energy institutions at UCLA, USC, and Caltech, and incubators like the LA Cleantech 
Incubator can accelerate clean energy innovation rooted in Southern California. More initiatives 
by utilities can also be a major catalyst towards this goal. Utilities occupy a dual role of being the 
customer for energy technology companies and also the channel for consumers and commercial 
opportunities to adopt more clean energy.  
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Angelina Galiteva, California Independent System Operator 

At the CAISO, we produce locational prices every five minutes. If the market can see these 
prices, they can bring forward cost effective and innovative clean energy solutions that provide 
operational value to the end-use consumer. Over time, this will "flatten" the duck curve and 
reduce costs that are driven by high peaking demands. 

5.  What are some of  the human resources that  we have/need 

to transit ion to a  c lean energy economy in  LA? What is  

needed in  terms of  workforce development? 

William Torre, UC San Diego 

More investment is required in education, specifically in the areas of Electric Power Engineering, 
Environmental Engineering and Material Science. We need more scientists and engineers to 
study and develop new innovative low-carbon energy technologies. We would suggest that 
major new technology centers dedicated to the development of new innovative low-carbon 
energy technologies should be developed and invested by DOE within the university sector, 
connected to a strong translation to move discoveries into demonstrations that can then be 
deployed at scale. 

Bob Musselman, on behalf of LA Cleantech Incubator 

SoCal business and MBA programs should offer courses on project finance, rather than just 
corporate finance. There are many programs that assist in recruitment of armed forces veterans 
with technical/engineering backgrounds, but none do a very good job of it. 

Bruce Dunn, UCLA 

UCLA has the opportunity to train the next generation workforce in clean energy technology. 
Investments have been made in terms of developing courses and curricula. More can be done. 
For example, an internship program with Southern California clean energy industry would provide 
students and employers additional opportunities. In addition, academic programs must continue 
to evolve to meet the needs of the clean energy economy.  

Doug Rotman, Lawrence Livermore National Laboratory 

Training in advanced manufacturing is necessary – all the way from informed technicians, to work 
and advance manufacturing processes, to deep innovation in new materials and advanced 
manufacturing technologies. We also need training in cyber security as we integrate and grow 
electrical and communication systems. We should focus on inclusion of all communities, 
engaging High Schools, Community Colleges, and 4-year institutions.  
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City of LA 

We need to retain and attract more human capital to LA to lead the cleantech revolution and 
transform the market. By focusing on the Sustainable City pLAn targets, we not only can help 
create markets and drive local solar goals forward, we can increase housing affordability and 
increase mobility options for residents. We also need to include training and create a green job 
pipeline, so we can beat our goal of 20,000 green jobs in LA. Trainings will need to be focused 
not only on cleantech, but covering energy efficiency as well, including energy auditors, 
electricians, retro-commissioners, energy managers, and operating engineers.  

Abhijit Mukherjee, California State University, Northridge 

Invest in education, and retrain people working in fossil fuel based plants or systems and in car 
dealerships. 

George Minter, SoCalGas 

We need more Scientists and Science education. We need more Engineers – mechanical and 
energy engineers and more engineering education. We need more combustion and emission 
reduction research and trained personnel to advance such research and its applications. 

Angeleno Group 

Los Angeles is home to some of the greatest engineering schools in the country and to a thriving 
start-up scene. An ecosystem to support these engineers and entrepreneurs will allow them to 
further develop their businesses and tomorrow’s energy innovation, and thus enable them to 
attract more capital.   

Angelina Galiteva, California Independent System Operator 

The zero net energy goal for new construction beginning in 2020 will be a crucial incentive to 
accelerate consumer awareness and accelerate technological innovation.  Generally consumers 
are becoming more aware of their energy use and are driving clean energy production, 
especially at the distributed local level. Having the workforce to support such an expansion 
would be a win-win. However, even lower electricity costs from renewable resources can 
increase economic activity and improve health. 

6.  How do we ensure that  energy innovation and new energy 

technology development in it iat ives  are inclusive and 

encourage al l  Southern Cal i fornians to engage? 

William Torre, UC San Diego 

An outreach program in conjunction with the new technology centers should be considered. 
These outreach programs should interact directly with the local Southern California communities. 
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UC San Diego is currently engaged in such a program under the CEC EPIC Advanced Energy 
Community, where UCSD is working directly with a local community group to develop a plan for a 
clean energy community in a disadvantaged neighborhood of San Diego. This type of effort 
provides a hands-on demonstration in the field of innovative clean energy technology and, if 
successful, can be used as a template for engagement, implementation and educational 
objectives throughout the Southern California region. 

Bob Musselman, on behalf of LA Cleantech Incubator 

The media is pretty good at reporting tech/internet innovations, but not very good at reporting 
engineering/energy innovation. Perhaps because there is little public demand for that kind of 
reporting. Not sure how to solve that problem, but public engagement requires engaging with the 
public and that must involve the media. 

Bruce Dunn, UCLA 

Continue to sponsor workshops and roundtables so that all stakeholders become more familiar 
with one another’s areas of expertise. This will aid in the integration required among the different 
stakeholders for new initiatives. For new energy technology, there needs to be support of 
advanced research ideas coming out of the universities that are especially directed at Southern 
California. Equally as important is the need to find ways to continue the development of these 
nascent technologies to facilitate their moving beyond the university stage. Finally, all of us need 
to re-double our efforts at communication so that Southern Californians are cognizant of 
opportunities for clean energy.  

City of LA 

Programs that lower the cost or financing that minimizes upfront costs are key. Education and 
outreach also key – lack of information is a major initial barrier. 

Abhijit Mukherjee, California State University, Northridge 

Invest in community colleges to start the change. 

Neil Fromer, on behalf of the Resnick Sustainability Institute, Caltech 

The more regional pilot projects can be supported and can require local participation, the more 
we can build an inclusive program. The utilities also can play a role in ensuring this process 
addresses all aspects of their customer base. 

Rajit Gadh, UCLA 

New energy technologies should engage users to interact with the technology, offer easy 
feedback, as well as an easy way to collect user input. This will enable all Southern Californians 
to personally experience the technology advancement and witness its positive impact on their 
lives, the environment, and the economy. Achieving this will lead to a healthy feedback 
improvement cycle. 
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George Minter, SoCalGas 

Multi-sector stakeholder engagement. 

Angeleno Group 

Availability and access are crucial for engagement. Angeleno Group’s investment into Renew 
Financial is proof that robust financing options for energy efficiency upgrades and renewable 
energy can unlock support from commercial and residential customers for energy technology 
initiatives. Renew Financial’s financing solutions help efficiency and renewable energy 
contractors grow their business while promoting energy independence for their consumers in 
Southern California.  

Angelina Galiteva, California Independent System Operator 

In addition to what was stated above, policy drivers, long term planning and a strong commitment 
to renewable energy development, deployment and new technology integration will be 
important. 

7.  What are the “next  steps”  in  accelerat ing c lean energy 

innovation in  Southern Cal i fornia?  

William Torre, UC San Diego 

Next Steps: 1) Develop regional centers for advancement of research and innovation of clean 
energy. 2) Provide support for education programs that train scientists and engineers in the clean 
energy sector. 3) Establish regional energy clusters that support transition of innovative clean 
energy technology to demonstration and commercialization. 4) Begin an effort to change 
regulatory and interconnection rules to reflect the changing energy sector and implementation of 
new clean energy technology. 

Bruce Dunn, UCLA 

Additional workshops are essential for us to communicate our expertise and articulate a vision for 
the future.  

Abhijit Mukherjee, California State University, Northridge 

Generate public awareness, with a focus on the commuters, and encourage public transport. 

Rajit Gadh, UCLA 

More renewable energy resources, including data and equipment, should be made available for 
researchers to facilitate development of new ideas and technologies. 
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George Minter, SoCalGas 

Convene a stakeholder task force to assess immediate deployment of existing technology with 
the best emissions reduction outcome for both NOx (Clean Air) and GHG (Climate Change). Build 
support for South Coast Air Quality Management District (SCAQMD) and San Joaquin (SJ) Valley 
and Air Resources Board (ARB) Clean Air programs. The state’s Mobile Source Strategy, its 
Sustainable Freight Strategy and its SIP (State Implementation Plan); as well as the SCAQMD and 
SJ Valley Air Quality Management Plans (AQMPs) -- all call for massive outlay of incentives to 
deploy clean energy and emissions technologies to the tune of an additional $1 Billion per year 
out to 2030 ($15 Billion). We need to build non-partisan, multi-sector stakeholder support for such 
an ambitious and necessary commitment. 

Angeleno Group 

Southern California needs up-to-date modern infrastructure to support energy innovation in the 
coming years. This would include a more robust grid, additional smart meters and more resilient 
transmission and distribution lines. Southern California’s aging infrastructure needs an investment 
to be primed to handle an influx of renewable energy and energy storage.  

Angelina Galiteva, California Independent System Operator 

Create strong effective partnerships between Agencies, Utilities, grid operators, academia, civic 
society and NGOs. 

8.  What are some of  the relevant  research init iat ives  at  your 

organizat ion,  and what role  might your organizat ion play 

in  Miss ion Innovation (Miss ion Innovation a ims to 

reinvigorate and accelerate global  c lean energy 

innovation with the object ive to make clean energy 

widely  affordable.)  

William Torre, UC San Diego 

UC San Diego conducts a significant level of research in the clean energy technology area. UC 
San Diego has top scientists, engineers and faculty who study and conduct research in the clean 
energy sector. UC San Diego has focused research and demonstration of innovative clean 
energy technologies in all aspects, including PV solar, energy storage, fuel cells, EVs, and 
distribution and automation. In addition, the concepts that have been developed have been 
implemented on its self-sustaining campus microgrids, one of the largest and most advanced 
microgrids in the US. Because UC San Diego owns its own generation and electric distribution 
system, new technologies can be tested live on the power grid, which is crucial to the successful 
demonstration and transition of new energy technologies to commerciality. This is demonstrated 
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in the 2.8 MW bio-gas fed fuel cell (largest commercial fuel cell) which provides 8% of the campus 
base load, the 2.5 MW/ 5 MWhr energy storage system (largest electric energy storage system at 
any university in the world), first combined heat and power fuel cell serving the campus heating 
and air-conditioning. UC San Diego was selected by DOE ARPAe as one of two sites nationwide 
to test new advanced energy storage chemistries, from the cell level to full MW systems. UC San 
Diego has developed the existing labs and infrastructure to support the major advancement 
needed for innovation in the clean energy sector. 

City of LA 

The City of LA can use its position to help get the message out. We also collaborate with cities 
around the world and can use an international forum to promote initiatives. We will also work 
hard to attract investment. 

Abhijit Mukherjee, California State University, Northridge 

CSUN is a leader is renewable energy and we serve as a role model for other institutions across 
CA.  

Rajit Gadh, UCLA 

At UCLA, the Smart Grid Energy Research Center (SMERC) has developed and tested various 
demand response (DR) and energy management system (EMS) technologies. SMERC, funded in 
part by a $120 million DOE-LADWP Smart Grid Regional Demonstration Grant, has designed, 
implemented, and tested the Automated DR (ADR) testbed within the WINSmartGridTM framework 
on the UCLA campus. 

Focusing on the charging behaviors of EV drivers, SMERC has developed a scalable scheduling 
framework on top of WINSmartGirdTM with centralized control algorithms and mobile applications 
that are capable of capturing EV drivers’ charging preferences. Time of Use (TOU) pricing 
strategies based on the wholesale price signals from the California Independent System 
Operator (ISO) are implemented in the EV charging system with customer preferences. In our 
online energy scheduling system, pricing strategies and renewable generations take random 
customer behaviors into account. 

The SMERC developed WINSmartGridTM is a network platform technology that enables wireless 
monitoring, connection, and control, via a Smart Communications Hub, of appliances such as 
washer, dryer, HVAC device, and plug-in automobile. Based on WINSmartGridTM, SMERC has 
developed an advanced Open ADR-compliant network system with a three-layer service 
architecture, i.e. Edge-ware, Middleware and Central-ware. The protocols and communication 
standards in this advanced system architecture include the following: (1) Wired and wireless 
network protocols for communication with the central controller, e.g., HTTP protocol based on 
TCP/IP over wired Ethernet or wireless WiFi/4G LTE link; (2) Communication protocols for 
interaction with the distributed energy controllers, e. g., IEC61850, BACnet, DLMS, Zigbee, etc. 
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George Minter, SoCalGas 

Low emission combustion research; Engine technology research; Biomethane development 
research; Power to Gas research; BioGas Conditioning Tariff (to clean up gas for pipeline 
injection); Compression; Service Tariff (to support CHG refueling by public sector); Potential for 
LNG liquefaction service; Potential for Hydrogen, or Power to Gas production service. 

Angeleno Group 

Angeleno Group provides growth capital for next generation clean energy and natural resource 
companies. As promising companies emerge from Mission Innovation, Angeleno Group can help 
these companies at their inflection point of growth to transition from commercialization to scale.   

Angelina Galiteva, California Independent System Operator 

Would love to do that under a separate cover with additional partners and tangible examples if 
possible.   
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A p p e n d i x  I  –  R o u n d t a b l e  A g e n d a  

Southern California Clean Energy Innovation Ecosystem Roundtable 

May 10, 2016, 12:30 – 3:00 pm (lunch at 11:45am) 

Kerckhoff Hall State Rooms, UCLA Campus 

Hosts: UCLA Dean, Henry Samueli School of Engineering and Applied Science, Dr. Jayathi 
Murthy and Associate Vice Chancellor for Environment & Sustainability, Dr. Mark Gold 

Special Guest: Department of Energy Deputy Secretary, Dr. Elizabeth Sherwood-Randall 

Moderator: Director of the Luskin Center for Innovation, Dr. J.R. DeShazo 

11:45 am Lunch 

12:30 pm Convening of the Roundtable, UCLA Dean, Henry Samueli School of Engineering 
and Applied Science, Dr. Jayathi Murthy 

12:40 pm Introduction to Mission Innovation and Regional Partnerships, Department of 
Energy Deputy Secretary, Dr. Elizabeth Sherwood-Randall 

12:50 pm State of Energy in LA, Chief Sustainability Officer, City of LA, Matt Petersen 

1:00 pm State of Energy in California, Member, California Independent System Operator 
Board of Governors, Angelina Galiteva 

1:10 pm State of Clean Energy Technologies, Professors Eric Hoek, Rajit Gadh & James 
Liao 

1:20 pm Moderated Roundtable Discussion, led by Dr. J.R. DeShazo  

Participant Introductions 

Goals: Identifying the region’s immediate and long-term clean energy needs and challenges*, 
and laying the foundation for future collaborations between roundtable participants and their 
associated institutions. 

Sample questions leading the discussion: 

• What are our immediate clean energy needs to meet California’s goal of getting 33% of 
our energy from renewable sources by 2020 and 50% by 2030? What unique challenges 
do we face in the Southern California region in meeting these goals? 

• How will Southern California reduce petroleum use in cars and trucks by 50% by 2030? 
What are the challenges specific to Southern California in reaching this goal? 
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• What are some of the feasible pathways for doubling the efficiency of existing buildings 
by 2030 and making heating fuels cleaner? What are the challenges specific to the 
Southern California region in reaching this goal? 

• How can we accelerate clean energy innovation in Southern California? What are the 
major obstacles to providing affordable clean energy to consumers and creating 
additional commercial opportunities in clean energy? 

• What are some of the human resources that we have/need to transition to a clean energy 
economy in LA?  What is needed in terms of workforce development? 

• How do we ensure that energy innovation and new energy technology development 
initiatives are inclusive and encourage all southern Californians to engage? 

2:30 pm Next steps: summation of discussion and discussion of potential future 
collaborations moving forward 

3:00 pm Roundtable Ends 

 

* Note: Challenges may be related to governance, costs, inertia, regulatory and legal restrictions, available 
land, technology transfer, and more. 
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A p p e n d i x  I I  –  R o u n d t a b l e  P a r t i c i p a n t s  

FIRST 
NAME 

LAST 
NAME 

TITLE AFFILIATION DEPT/DIVISION/OFFICE 

Randy Britt Director Parsons Corp Sustainability 

Austin Brown 
Senior Policy 
Analyst 

Executive Office of the 
President, Office of 
Science & Technology 
Policy 

Energy Research and 
Development, Environment 
and Energy  

Albert Carnesale 
Chancellor 
Emeritus and 
Professor 

UCLA 
Department of Public Policy; 
Department of Mechanical & 
Aerospace Engineering 

Bill  Corcoran 
Western 
Regional 
Director 

Sierra Club Beyond Coal Campaign 

JR DeShazo 
Professor and 
Director 

UCLA 
Department of Public Policy; 
Luskin Center for Innovation 

Bruce  Dunn Professor UCLA 
Department of Materials 
Science & Engineering 

Rajit Gadh Professor UCLA 
Department of Mechanical & 
Aerospace Engineering 

Angelina Galiteva Board Member 
California Independent 
System Operator  

Board of Governors  

Mark Gold 

Associate Vice 
Chancellor for 
Environment & 
Sustainability 

UCLA 
Office of the Vice 
Chancellor for Research; 
UCLA Grand Challenges 

Eric Hoek 
Professor and 
CEO 

UCLA 
Department of Civil & 
Environmental Engineering; 
Water Planet 

Michael  Kadish 
Executive 
Director 

Grid Alternatives LA   

Scott Kitcher 
President and 
CEO 

CleanTech OC   

GP Li 
Professor and 
Director 

UC Irvine 

Department of Electrical 
Engineering & Computer 
Science; California Institute 
for Telecommunications & 
Information Technology; 
Integrated Nanosystems 
Research Facility 

James Liao Professor UCLA 
Department of Chemical & 
Biomolecular Engineering 

Tami  
McCrossen
-Orr 

Policy Advisor AECOM 

Policy Advisor for 
Environmental and Land 
Use Planning at LA World 
Airports 
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FIRST 
NAME 

LAST 
NAME 

TITLE AFFILIATION DEPT/DIVISION/OFFICE 

George Minter 
Regional Vice 
President 

Southern California Gas 
Company 

External Affairs and 
Environmental Strategy 

Abhijit  Mukherjee 
Professor and 
Director 

California State 
University, Northridge 

Department of Mechanical 
Engineering; Energy 
Research Center 

Jayathi Murthy Dean UCLA 
Henry Samueli School of 
Engineering and Applied 
Science 

Jonas Peters 
Professor and 
Director 

CalTech 
Department of Chemistry; 
Resnick Sustainability 
Institute 

Matt Petersen 
Chief 
Sustainability 
Officer 

City of LA 
Office of LA Mayor Eric 
Garcetti 

Douglas Rotman Program Director 
Lawrence Livermore 
National Laboratory 

Energy and Environmental 
Security 

Elizabeth 
Sherwood-
Randall 

Deputy 
Secretary 

US Dept of Energy Energy 

Erik Steeb 
Chief Programs 
Officer 

LA Cleantech Incubator   

Gary Stern Senior Director 
Southern California 
Edison 

Regulatory Energy Policy 

Yaniv Tepper 
Managing 
Partner and Co-
Founder 

Angeleno Group 
Renewable energy, waste 
management and energy 
efficiency 

William  Torre Program Director UCSD Energy Storage Systems  

Sadrul Ula 
Managing 
Director 

UC Riverside 
Winston Chung Global 
Energy Center 

Yang Yang Professor UCLA 
Department of Materials 
Science & Engineering 
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A p p e n d i x  I I I  –  U C L A ’ s  C l e a n  E n e r g y  E c o s y s t e m  

UCLA’s  Clean Energy Ecosystem 

In 2013, UCLA Chancellor, Gene Block announced the Sustainable LA Grand Challenge, a 
campus wide research initiative with the ambitious goal of transforming LA County to the first 
sustainable megacity. Unlike research initiatives of the past, Sustainable LA organizes faculty and 
researchers from across disciplines around a common goal. Specifically, the goals are to 
transition LA (LA) County to 100% renewable energy and 100% locally sourced water, while 
enhancing ecosystem health and human health and well being by 2050.  

In December 2015, we released the Sustainable LA Five-Year work plan, which summarizes the 
challenges unique to LA County, our reasoning for choosing these goals, and over 100 research 
recommendations that must be completed in the next five years for us to develop a 
comprehensive implementation plan by 2020 that will provide a pathway for sustainability by 
2050. Twenty-eight faculty from across campus contributed to the development of the work plan, 
including faculty from engineering, life sciences, physical sciences, public health, law, public 
affairs, humanities, social sciences, and architecture and arts. This was truly a multi-disciplinary 
effort that set the foundation for much future interdisciplinary collaboration.  

We believe that the complex problem of sustainability requires diverse expertise. We also 
recognize that UCLA cannot do this alone – we must partner with other academic institutions, 
government, utilities, industry, NGOs, and community groups to solve this multifaceted problem 
and reach our goals. We are working on building and fostering the necessary partnerships to 
integrate and ultimately implement the research findings stemming from the work prescribed in 
the research plan. 

Sustainable LA is one way in which UCLA coordinates the incredible clean energy research that 
is happening across campus. UCLA has a long history of excellence in energy-related research, 
including record-breaking solar cell efficiency and reliability research, cutting-edge energy 
storage and hybrid supercapacitor innovations, advanced development of alternative fuels to 
power electricity and transportation, prominent climate change and environmental law and policy 
programs, progressive architecture and urban design programs that focus on energy efficiency 
and transportation issues, leading voices on health effects of pollution and climate change in 
urban spaces, a top transportation policy and planning program contributing regularly to regional 
practices, and prominent designers of decision support tools for policymakers and civic leaders 
in the area of environmental sustainability.  

Over the next five years, UCLA and its partners will undertake critical energy and transportation 
research projects aimed at filling knowledge gaps and informing the optimum energy transition 
plan for LA County. First, we will develop a long-term plan for a local energy portfolio that 
balances accessible renewable resources; energy and fuel distribution, management, and 
storage needs; and end-user requirements. Our multidisciplinary team will then work with 
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stakeholders and partners to research and develop key technologies, policies, and management 
strategies needed to expand renewable energy generation in accordance with that plan and the 
Sustainable LA Grand Challenge goals. This work will include research related to the 
development of an integrated electricity and fuel infrastructure and a local smart grid, as well as 
groundbreaking technologies and policies to integrate solar energy harvesting and storage into a 
wide variety of surfaces found in the built environment. In tandem, researchers focused on 
improving management of energy consumption will design strategies to reduce the energy 
intensity of transportation, promote building energy efficiency and conservation, and better 
manage electricity demand in the County. Additionally, UCLA’s public health, policy, and 
environmental science researchers will work collaboratively with partners and stakeholders to 
evaluate the broader implications of transitioning to 100-percent renewable energy, and explore 
strategies to enhance public health and mitigate adverse environmental impacts during LA’ 
renewable energy transition.  

There are several existing UCLA Centers and Institutes that contribute to UCLA’s energy and 
innovation ecosystem, and also to the goals of Sustainable LA. They include the following: 

UCLA Engineering Institute for Technology Advancement is a technology development center 
to accelerate the transition of high-impact innovative research from UCLA to technology 
development and commercialization.  

UCLA’s Energy Innovation Lab investigates breakthrough technologies for grid-scale renewable 
energy generation and storage. They study how thermal energy storage systems allow 
concentrated solar power plants to provide energy even when the sun is not shining, as well as 
advanced wind turbine blade designs that improve energy capture and reduce the cost of wind 
energy. 

UCLA’s Smart Grid Energy Research Center (SMERC) is currently working on Electric Vehicle 
Integration (G2V and V2G), Automated Demand Response (ADR), Microgrids, and Distributed and 
Renewable Integration, and Energy Storage Integration.  

UCLA Energy & Propulsion Research Laboratory aims to improve combustion, propulsion, and 
fluid flow systems to solve critical national problems, including those related to energy efficiency 
and aerospace propulsion. 

Center of Excellence for Green Nanotechnologies at KACST & UCLA (CEGN) undertakes 
frontier research and development in the areas of nanotechnology in energy and 
nanoelectronics. CEGN tackles major issues of scaling, energy efficiency, energy generation, and 
energy storage faced by the electronics industry.  

California Center for Sustainable Communities creates actionable science that improves the 
sustainability of urban systems. One research theme is focused on mapping energy and gas use 
across the County by census block groups and land use to determine patterns across the 
landscape. They recently developed a publicly available interactive LA Energy Atlas. 

Luskin Center for Innovation is organized around initiatives that seek to conduct and translate 
world-class research and expertise into real-world policy solutions. Initiatives are linked by the 
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themes of sustainability, energy and environmental health justice. Current initiatives include: 
Sustainable Energy for California, Electric Vehicles & Alternative Fuels, Complete Streets, Smart 
Water Systems, Nanotechnology Environmental Health & Safety, Climate Change Planning for 
Local Governments, Digital Technologies, and Business and the Environment. 

UCLA Institute of Transportation Studies is a leading transportation policy research centers in 
the U.S. and links transportation research with policy and planning practice. 

Emmett Institute on Climate Change and the Environment is focused on climate change and 
other critical environmental issues. The Institute is leading the Public Utilities Commission Clean 
Energy Policy Collaborative Project—a multi-year, cross-university project designed to improve 
states’ energy policies by analyzing interactions between climate regulatory efforts and state 
Public Utility Commissions (PUCs) nationwide. 

Anderson School of Management Energy Management Group serves to strengthen educational 
pursuits, facilitate networking opportunities and enhance recruiting efforts among Anderson 
students, alumni and energy-industry organizations. They are interested in finance, strategy, 
marketing and technology development. 
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A p p e n d i x  I V  –  A  P r e l i m i n a r y  A s s e s s m e n t  o f  

1 0 0 %  R e n e w a b l e  E n e r g y  f o r  L A  C o u n t y  

100% Renewable Energy for LA County: A Preliminary Assessment  

 (Executive Summary, July 2016)  

Richard E. Wirz*, Karthik Nithyanandam, Parker Wells 

UCLA, Department of Mechanical & Aerospace Engineering  

*Energy Representative, Sustainable LA Grand Challenge Steering Committee (wirz@ucla.edu)  

 

Introduction & Approach: 

The University of California, LA (UCLA) launched its first Grand Challenge: Sustainable LA, 
Thriving in a Hotter LA (Sustainable LA) – an ambitious campus-wide research endeavor to 
transition LA (LA) County to 100% renewable energy1, 100% locally sourced water, and enhanced 
ecosystem and human health by 2050 through innovations in science, technology, and policy. 
With regard to the energy goal, the objective is to power all of the County’s energy and 
transportation needs from renewable energy resources in the LA region. This study aims to 
assess the 2050 renewable energy potential for the LA region2 and to present potential 
pathways for achieving the Sustainable LA 100% renewable energy goal by considering regional 

                                                   
1 According to the State of California, “renewable energy” includes the following, subject to certain state 
regulatory requirements and conditions: biodiesel, biogas, biomass, conduit hydroelectric, digester gas, 
fuel cells using renewable fuels, geothermal, hydroelectric incremental generation through efficiency 
improvements, landfill gas, municipal solid waste, ocean wave, ocean thermal, tidal current, photovoltaic, 
small hydroelectric, solar thermal, and wind (CEC, 2012). 
2 The “LA region” is defined by the City of LA, LA County, and the greater LA metropolitan Area, including 
surrounding counties in Southern California. 

Abstract: The results of this feasibility study show that it is possible to achieve LA County’s 2050 
energy needs by using only a small fraction of the region’s accessible renewable energy 
resources. The solution requires the generation, distribution, and storage of both renewable 
electricity and fuels to meet end-user, water, and transportation energy needs, while supporting a 
healthy regional ecosystem. To achieve this goal, many significant technological and policy 
challenges must be addressed – several of which are identified herein as near-term “Research 
Directions”. As such, this study serves as a preliminary technological assessment to stimulate the 
development of a long-term 2050 plan for a sustainable energy portfolio for LA County and 
region. 



6-43

2016 Southern California Clean Energy Innovation Ecosystem Roundtable Report Page 42 

energy, transportation, and water needs; renewable energy resources in the region; and 
responsible approaches that promote a vibrant local ecosystem and community.  

This feasibility study considers two basic questions associated with achieving the Sustainable LA 
Grand Challenge goal of 100% renewable energy in LA County by 2050. 

Question 1: Can the LA region fulfill 100% of its energy (electricity and fuel) 
requirements with local renewable resources?  

Question 2: What are the primary technological challenges associated with achieving 
100% renewable energy by 2050? 

These two feasibility questions are addressed and discussed here at a high-level. Energy usage 
data and projections are used to construct realistic and fringe-case demand scenarios for a fully 
renewables-powered LA in 2050. These scenarios are used to compare the energy supply and 
energy demand for the LA of the future. The different electricity demand scenarios, combined 
with projected costs of renewable generation and storage sources are then used to develop 
approximate breakdowns of how each technology will contribute to the LA County energy 
landscape in a cost and logistically responsible scenario. 

Energy Demand (LA County) & Energy Supply (LA Region): 

The forecasted average hourly total power demand (in Gigawatts, GW) for LA County in 2050 is 
an aggregate of the end-use demand [CEC, 2014], the electricity demand to produce clean water 
[Christian-Smith et al., 2012; Semiat, 2008], and transportation fuels. These power demand 
projections account for regional population growth, expected increases in per capita energy 
consumption, and assumes a reasonable level of end-user efficiencies, i.e., “Negawatts”. For 
these conditions, the average hourly total power demand (shown in Figure 1) is projected to be 
14.4 GW, with 69% going towards end-use, 5% towards water, and 26% towards transportation.   

 

Figure 1: Total average hourly power demand for LA County in 2050 
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Demand levels in Figure 1 are representative of the energy scenarios that combine both 
renewable electricity and fuels. For LA County to achieve the 100% renewable energy goals by 
2050, it is important to integrate renewable fuels to accommodate transportation vehicles 
moving within and through the County. Renewable/sustainable fuels can also replace natural gas 
currently used for industrial and residential purposes. For example, a comparison of the potential 
of the various feedstocks in meeting the 2050 transportation demands of LA County is presented 
in Table 1. The low ethanol yield per acre of cultivation for corn, sugar cane, and poplar, 
compounded by the potential conflict between food and fuel production, suggests a need to 
develop more advanced non-agricultural biofuels, such as algal strains with reduced water 
needs.  Other fuel sources may include biomethane capture, and power-to-gas (P2G) 
technologies. 

Table 1: Comparison of various feedstocks for ethanol production 

Source 
Ethanol equivalent yield 

(Gallons per acre-year) 

Land area required 

(million acres) 
Percentage of LA county/ LA 

region/CA 

Corn 400 6.9 225 / 31.6 / 6.6 

Sugarcane 800 3.5 112 / 15.8 / 3.3 

Poplar 1500 1.83 60 / 8.4 / 1.8 

Algae  5000 0.55 18 / 2.5 / 0.5 

 

By 2050 the total maximum percentage that regional hydro, wind, and geothermal combined can 
reasonably contribute to meeting LA County’s projected average daily energy demand is only 
slightly more than 15%. Solar is by far the biggest renewable energy resource for the LA region 
and can easily provide the remaining 85%. As shown in Figure 2, over half of the solar energy 
resource must be stored to meet the demand profile from Figure 1.  For most of the LA region, 
and particularly for the less populated areas, solar energy is a highly predictable energy resource 
that can be made dispatchable on a nearly diurnal cycle, and for multi-day durations if necessary. 

 

Figure 2: Energy supply scenario for LA County in 2050 
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From Figure 2, we determined that the annual energy required from solar in LA County is ~107 
TWh per year. Only 34 TWh, or 32% of this energy could be supplied from distributed rooftop 
solar photovoltaics (PV). To meet the remaining solar demand, LA County will have to rely on 
centralized concentrated solar power (CSP) and PV plants that can provide both the capacity and 
dispatchability needed for a robust and reliable energy solution. The levelized cost of electricity 
(LCOE) for PV integrated with battery storage is currently 28-30 cents/kWh [Nykvist and Nilsson, 
2015], compared to LCOE of 12-14 cents/kWh for CSP integrated with thermal energy storage 
(TES). This difference is due to the comparatively high cost of the batteries required for PV 
energy storage. The US Department of Energy (DOE) projects a credible pathway for a reduction 
in the LCOE of PV+battery and CSP+TES to approximately 14 cents/kWh and 6 cents/kWh, 
respectively by the year 2020 [DOE SunShot, 2011]. Therefore, we are recommending PV+battery 
primarily for distributed rooftop generation throughout LA County, with CSP plants that are built in 
compatible areas of the LA region providing the remaining solar energy supply (68%). We also 
suggest the use of dry-cooling approaches, as is currently done by many modern CSP plants to 
lessen water consumption. 

Table 2 shows a preliminary assessment of the solar energy contribution necessary from both 
solar PV and CSP to meet LA County energy requirements by 2050. A key observation from 
Table 2 is that LA County could meet its solar energy requirement (Figure 2) from CSP by 
developing less than 18% of the land in the region that is compatible for CSP development (this is 
only 0.3% of the total land area in the region). Compatibility is based on various practical 
considerations, including: topography (slopes must be less than 3% grade), proximity to 
transmission lines and roads, ecological sensitivity, federal/state protected habitat status, and 
other considerations [Hernandez et al., 2015]. 

Table 2: Solar supply scenario of LA County power demand in 2050 

Required Solar (TWh/y) 107 

 

LA County PV (TWh/y) 34 

LA region CSP (TWh/y) 73 

Area required for CSP (km2) in the LA region 235 

% of compatible area in LA region required for CSP 17.5 % 

% of total area in LA region required for CSP 0.3 % 

Conclusions & Research Directions: 

This study provides a preliminary assessment of LA County’s energy requirements and the 
potential for renewable energy technologies to meet the County’s energy demand in 2050. We 
conclude that LA will be able to meet its 2050 energy needs through 100% renewable energy 
resources. These resources will come from a combination of distributed and centralized 
generation and storage of electricity and fuel. Solar energy (PV and CSP) integrated with low-
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cost, dispatchable energy storage will play the most significant role in reaching 100% renewable 
energy. With such a comprehensive change envisioned for the LA region, action is required not 
only from scientists and technologists, but from policymakers, climate scientists, urban planners, 
and other professionals. UCLA’s Sustainable LA Grand Challenge must serve as a leader in 
advancing the necessary research required to reach these goals, and continue to foster 
collaborations and partnerships throughout the region to develop a pathway to renewables that 
thoughtfully considers the findings from this study and social, cultural, and political challenges 
unique to the region. 

Based on the findings of this feasibility study, our recommended Research Directions include: 

1. Ecosystem friendly conservation and efficiency “Negawatts”. 

2. Renewable fuel technologies for transportation and industrial/residential end-
users. 

3. Low-cost/high-performance energy storage (e.g., thermal batteries) for grid-scale 
solar energy storage. 

4. Storage and management for distributed energy generation.  

5. Energy efficient technologies for water reuse, wastewater treatment, and brackish 
water desalination. 

6. Innovations at the Energy, Water, and Ecosystem Nexus to promote responsible 
development in all areas. 
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Introduction 

This report summarizes results from a regional clean energy innovation summit convened by the 
Colorado Energy Research Collaboratory ("The Collaboratory") on September 19, 2016 in Boulder, CO. 
The purpose of the summit was to begin the process of developing a U.S. North Central and 
Intermountain West regional approach to clean energy innovation that: 

 minimizes resource conflicts and environmental impacts, and 
 maximizes participation, collaboration, and economic impact. 

 
Once initiated, the regional initiative envisioned would support the broader “Mission Innovation” 
initiative announced by President Obama and other global leaders in Paris, France in 2015. 
 
The summit convened 167 individuals in person and approximately 30 on the live stream over a ten-
state region (ND, SD, NE, KS, MT, ID, UT, CO, WY, NM) to acquire input and ideas from a wide variety of 
participants on topics including regional energy and innovation ecosystem strengths, opportunities and 
challenges; opportunities for regional public/private partnerships leading to pilot-scale commercial 
deployment; and understanding how public policy decisions influence achieving these goals. 

 
Rationale 
 
Both nationally and internationally, organizations in the business of energy production, distribution and 
end-use are facing uncertainty, but there is general consensus that decarbonization will be a part of our 
energy future. Thus, federal, regional, state and local stakeholders must find a balance between 
technologies, policies, market forces, and the financing mechanisms that enable a decarbonized future. 
On the federal level, the Obama Administration has used executive power to enact emissions reduction 
policies. Likewise, several states and local entities have adopted policies and programs to curb carbon 
emissions. Between these ends of the stakeholder spectrum reside multistate regions - each with a 
unique set of energy and carbon assets, issues and opportunities. Thus, a core reason to convene 
stakeholders in the North Central and Intermountain West regions of the U.S. was to consider unique 
issues, opportunities, and challenges for clean energy innovation in the region. 
 
A large portion of the U.S. fossil and renewable energy resources reside in our region. The region has a 
low population density, extensive agriculture resources, large federal and tribal land footprints, and 
faces significant water challenges. In addition, other factors related to ecosystems, public policy, techno-
economics, and human factors must be addressed as the region develops and implements a clean 
energy technology innovation strategy (see Figure 1). 
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Figure 1. Clean Energy Technology Innovation in the U.S. North Central and Intermountain West 

 
With that said, companies of all sizes are already working on decarbonization strategies in the region. 
Coupling this with an expansive clean energy innovation network that includes multiple national 
laboratories and research universities in every state, the North Central and Intermountain West region is 
poised to lead several aspects of the nation’s clean energy revolution.  
 
For these reasons, the region seeks to leverage U.S. Department of Energy Mission Innovation resources 
- summarized in Appendix A - to help make progress toward deep decarbonization. This, in turn, will 
decrease uncertainty for utilities and other power providers and infuse new technology and other 
innovations that lead to widespread economic prosperity.  
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Summary and Conclusion 
 
Conclusions based on the four definitive questions posed during the summit: 
 
1. To facilitate today’s activities, four topic areas have been proposed (Grid and Storage; 

Food/Energy/Water; Energy/Climate; Renewable Sources).  These are not meant to be exclusive 
of the regional needs.  Are there additional focus areas that should be added to the list?  

Outcome:  The region is rich in conventional energy resources, renewable energy resources, 
research and intellectual capacity, and a robust energy industry.  The general consensus is that 
these four topics proposed are relevant and vital for the region.  However, additional items for 
further consideration may include the role of energy efficiency, geopolitical, social and 
behavioral issues. 
 

2. What are the regional strengths and opportunities in the four proposed topic areas and any topic 
areas added?  Is there an overarching theme for this region that should be pursued?  If so, please 
summarize. 

Outcome:  The region boasts four DOE national laboratories and dozens of other federal R&D 
facilities such as NOAA, NIST, USDA labs, extension agencies, etc. The unique characteristics of 
the region include a large land area requiring a different approach to power transmission than in 
the more densely populated areas on the East and West coasts.  The large reserves of fossil 
energy provides the motivation for production with the lowest possible environmental impact, 
and emphasizes the long term needs for CO2 capture, sequestration and/or reuse. The region 
has significant capacity for biofuels, particularly advanced biofuels, but is challenged with a 
relatively arid environment that is water constrained in many regions.  Cultivation of 
biofuels/biomass is challenged by the latitude variation of the region extending from the 
Mexican to Canadian borders. 

3. Commercial deployment of energy technologies is required to have impact at a large scale.  What 
are the opportunities for industry and research communities in developing and deploying next 
generation energy innovations at a large scale in our region? 

Outcome:  Industrial scale up of clean energy technologies in the region is challenged by 
regulatory uncertainty around market signals on CO2 emissions as well as incentive programs for 
renewable energy or CO2 capture, sequestration or reuse programs.  The research institutions in 
the region can be harnessed to stimulate the development of next generation energy products, 
but industry access to research institutions need to be improved.  

4. How can we align anticipated research topics with state policies that become key drivers of 
deployment? 

Outcome:  Many of the states in the region have renewable portfolio standards, but these are 
primarily being fulfilled by build out of proven solar and wind technologies.  The states could 
help to spur innovation by encouraging adoption of innovative new technologies for at least a 
portion of procurements to meet RPS goals. 

The reports on the four breakout sessions in the Appendices contain many novel ideas around regional 
innovation.  These comments were captured and represent the data that will ultimately be used to craft 
a regional plan. A number of themes were repeatedly identified by breakout groups and are summarized 
in the following sections.   
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Regional Overview 
The proposed region, shown in 
Figure 2, includes North Dakota, 
South Dakota, Nebraska, Kansas, 
Colorado, Wyoming, Montana, 
Idaho, and Utah. Depending on the 
outcome of continued planning 
efforts, New Mexico may also be 
included in the region.  
 
The initial nine-state region 
encompasses approximately one 
third of the continental United States 
land area and 824,853 square miles. 
It is home to major portions of the 
High Plains and Intermountain West.  
(Source: US Census Bureau).  

 

Energy Resources 
The region holds approximately 44% of the U.S. fossil energy reserves and accounts for roughly 25% of 
total annual U.S. energy production. Specifically, it supplies over 26% of the nation’s crude oil, 47% of all 
coal production and 21% of natural gas production. The region is also home to 7% of the nation’s 
refining capacity. Because of its production and refining capacity, the region’s per capita energy use 
averages 468 million BTUs. The region is also a significant producer of renewable energy. The nine states 
combined account for roughly 14% of the U.S. renewable production. 

A state-by-state energy resource summary is provided below. (Source: EIA)   

Montana 
The Williston Basin of Montana and North Dakota holds one of the largest accumulations of crude 
oil in the United States; its Bakken and Three Forks formations are estimated to be capable of 
producing 7.4 billion barrels of oil. Montana holds more than 25% of the nation's estimated 
recoverable coal reserves and is the seventh-largest coal-producing state. It produces close to 5% of 
U.S. coal and distributes coal to nine other states.  Montana's four refineries, with almost 30% of 
U.S. Petroleum Administration for Defense District 4 (Colorado, Idaho, Montana, Utah, and 
Wyoming) refining capacity, are able to process heavy Canadian crude oil for regional markets. Wind 
electric power generation in Montana grew by 12% in 2014 and supplied 6.5% of the state’s net 
electricity generation. Montana created a Renewable Energy Resource Standard requiring that 
public utilities and competitive electricity suppliers obtain 15% of electricity sales from renewable 
energy resources by 2015. The standard requires electricity suppliers to buy a set amount of power 
from smaller community-based renewable energy projects. 

 
 

Figure 2. North Central and Intermountain West region 
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Idaho  
Idaho is rich in renewable energy resources; the state's volcanic formations provide substantial 
geothermal energy potential. Over 80% of Idaho’s net electricity generation comes from renewable 
energy resources, and Idaho had the fifth-lowest average electricity prices in the United States. 
Idaho's in-state net electricity generation accounts for approximately 65% of the state's total electric 
industry retail sales. The remainder comes from other states and international imports. 
Hydroelectric power supplies 60% of net electricity generation in Idaho, the second-largest share in 
the nation. Idaho's wind generation increased by 13% in 2014 and provides close to 20% of net 
electricity generation. 

 
Utah 
Utah produces nearly 2% of U.S. coal and ships 27% of that production out of state, of which nearly 
one-third was exported. Utah's five refineries process crude oil primarily from Utah, Colorado, 
Wyoming, and Canada; the UNEV pipeline, opened in late 2011, is the first to connect Utah's 
refineries to Las Vegas, the largest city in Nevada. Recently, for the first time, coal produced only 
three-fourths of Utah's net electricity generation and natural gas produced just under 20%. State 
planners expect the natural gas share to continue rising as older coal units are shut down. Utah has 
the 10th lowest average electricity prices in the nation and a voluntary goal of using cost-effective 
eligible renewable energy resources to provide 20% of its 2025 adjusted retail electric sales. Today, 
approximately 5% of net electricity generation comes from renewable resources. 

 
Wyoming 
Wyoming produces approximately 40% of all coal mined in the United States and 33 states receive 
coal from Wyoming mines, with 8 states, including Wyoming, obtaining more than 90% of their 
domestic coal from Wyoming. Wyoming accounts for approximately 7% of U.S.-marketed natural 
gas production and almost 88% of net electricity generation in Wyoming came from coal and about 
12% came from renewable energy resources, primarily wind. Wyoming has the third-lowest average 
electricity price of any state. 

 
Colorado 
Colorado’s vast fossil fuel resources include the Niobrara Shale, with resource estimates running as 
high as 2 billion barrels of oil. From 2004 to 2014, crude oil production in Colorado more than 
quadrupled; in the same period, marketed natural gas production rose 51%. In 2014, 60% of the 
electricity generated in Colorado came from coal, 22% from natural gas, and 18% from renewable 
energy resources. Colorado's Renewable Energy Standard requires investor-owned electric utilities 
to provide 30% of electricity sold from renewable energy sources by 2020, with 3% coming from 
distributed generation. In 2014, Colorado’s grid-connected solar photovoltaic capacity of 430 
megawatts was the ninth largest in the United States, and the state obtained nearly 10 times as 
much net generation from solar power as it did in 2009. Average household energy costs in 
Colorado ($1,551 per year) are 23 percent less than the national average, primarily due to 
historically lower natural gas prices in the state. 

 
North Dakota 
North Dakota is the second-largest crude oil-producing state in the nation and accounts for over 
12.5% of total U.S. crude oil production; a 251% increase in production from 2010 to 2014 was 
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primarily driven by horizontal drilling and hydraulic fracturing in the Bakken formation. North 
Dakota has 5.5% of the nation’s recoverable coal reserves at producing mines; the state’s coal 
production, which all comes from surface mines, accounts for approximately 3% of U.S. coal 
production. Although North Dakota’s total energy consumption is among the lowest in the nation as 
a result of its small population, the state’s consumption per capita ranks among the highest, in part 
because of the energy-intensive industrial sector and high heating demand in winter. Approximately 
75% of North Dakota's net electricity generation comes from coal, almost 17.5% comes from wind 
energy, and about 7% comes from conventional hydroelectric power sources. North Dakota has 
abundant wind resources and ranks 6th in the nation in wind energy potential, 11th in utility-scale 
generation, and 11th in installed capacity. 

 
South Dakota 
South Dakota ranks sixth in the nation in ethanol production capacity and has more net electricity 
generated from hydroelectric power than from any other source. Wind and hydroelectric power 
provide about three-quarters of South Dakota’s total net electricity generation. South Dakotans’ 
price for electricity averages about 9 cents per kilowatt hour across all sectors, compared to the 
national average of close to 10.5 cents per kilowatt hour. The National Renewable Energy 
Laboratory estimates that about 94% of South Dakota's land area is suitable for wind resource 
development using current technology. 

 
Nebraska 
Nebraska ranks second in the nation, after Iowa, in corn-based ethanol production capacity and 
obtains about three-fifths of its net electricity generation from coal and about one-fourth from 
nuclear power. The National Renewable Energy Laboratory estimates that more than 90% of 
Nebraska has suitable conditions for commercial-scale wind-powered electricity 
generation. Nebraska is among the top 10 states in per capita energy consumption because of its 
energy-intensive industrial sector, led by food processing and chemical manufacturing. Farm 
irrigation is electricity-intensive and seasonal; it entails high costs for electricity that increase the 
average reported cost of electricity for Nebraska’s industrial sector. Nebraska obtains more than 
10% of its total net electricity generation from renewables, and wind supplies almost three-fourths 
of the renewable generation. 

 
Kansas 
Kansas ranks 10th in crude oil production among the 50 states, excluding the federal offshore areas. 
The Hugoton Gas Area, which contains one of the top-producing natural gas fields in the United 
States, is located in southwestern Kansas, as well as in parts of the Texas and Oklahoma 
panhandles. The Mid-Continent Center, located in south central Kansas, is a key natural gas supply 
hub that pipes production from several states in the region east to major consumption markets. 
Electric utilities in Kansas provide 80% of the state's net electricity generation; 57% of net electricity 
generation comes from coal-fired electric power plants. Approximately 20% of net electricity 
generation in Kansas comes from wind energy, making wind the state's second largest power 
provider, after coal. 
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Clean Energy Innovation Stakeholders  
Regional stakeholders in the nine to ten state area include a wide range of public and private entities. 
From Fortune 500 companies to small businesses, the region boasts a plethora of for-profit companies 
involved in all aspects of renewable and fossil energy production; energy transmission, distribution, and 
storage; and energy end-use systems and technologies. The region also includes numerous research 
universities and USDOE national laboratories conducting extensive clean energy R&D (see Figure 3).  
 
Relevant state energy contacts in each of the nine states are provided in Table 1 located in Appendix B. 
In addition to the above stakeholders, a number of local governments, federal agencies, 
nongovernmental organizations, and advocacy groups factor into the region’s energy production 
distribution and end use.  
 

 

 

Figure 3:   USDOE-identified research universities with highest and higher research activity per Carnegie 
Classification of Institutions of Higher Education (2015 update). Note that New Mexico is under discussion. 
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Summit Objectives and Focus Areas 
The overarching goal of the regional clean energy innovation summit was to assemble relevant regional 
stakeholders to begin developing a region-wide approach to clean energy production, distribution, and 
end-use that minimizes resource conflicts and environmental impacts while maximizing collaboration, 
manufacturing capacity, and overall economic value in this half century. To achieve this goal, the 
Summit hosts identified four focus areas, illustrated below, which were the subject of the Summit’s pre-
summit conference calls and afternoon breakout sessions during the Summit. 

 

Figure 4.  Goal of summit with four focus areas 

Each focus area was chosen because of the need to:  a) develop region-wide analytical models and 
decision support tools emphasizing systems approaches that identify, quantify, and solve resource 
conflicts and environmental impacts arising from competing clean energy innovation options; and b) 
research, develop, demonstrate, and deploy technologies leveraging our region’s unique expertise, 
capabilities, resources, and related infrastructure. 
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Summit Organization and Outcomes 
The Regional Clean Energy Innovation Summit was organized by the Colorado Energy Research 
Collaboratory (The Collaboratory). Since 2006, the Collaboratory has been a research partnership among 
the National Renewable Energy Laboratory and Colorado's premier research universities: Colorado State 
University, the University of Colorado Boulder, and the Colorado School of Mines. 
 
Organizers of the Summit invited over 400 people from the ten state region (ND, SD, NE, KS, MT, WY, 
UT, ID, CO, NM) including research institutions, national labs, state energy offices, state economic 
development offices, and industry. The full agenda for the Summit is provided in Appendix C. 
 
Prior to the Summit, four focus-area co-leaders were selected to develop an overview of the four topic 
areas (see Fig. 4) and host separate pre-summit one-hour conference calls on Sept 13 and 14. During the 
calls, numerous stakeholders provided input to the four breakout session topics (Grid and Storage; 
Food/Energy/Water; Energy/Climate/Efficiency; Renewable Energy Sources). 
 
Nearly 200 people attended in person or watched the live-streamed sessions. After introductory and 
opening remarks from Dr. Peter Green (NREL) and former Colorado Governor Bill Ritter (CSU), 
respectively, a general panel session consisting of national and regional experts summarized the region’s 
clean energy innovation needs, issues and opportunities & addressed fundamental questions including: 

o What are the best ways to collaborate among power providers, utilities, national labs, 
universities, government entities, and finance organizations to ensure clean energy technology 
deployment in a timely way? 

o How can we ensure research conducted at research universities, national labs, and in private 
industry is relevant to the decarbonization future? 

o How must we address the business model and goals of utilities in the context of integrating 
new technologies such as distributed renewable generation and grid-scale storage? 

o How do we achieve decarbonization goals without increasing costs for those who can't afford 
it? For example, coal miners in WY/CO. 

o How do we justly transition sub-regional carbon-based economies in a way that ensures equity 
and economic opportunity? 

 

The panel was made up of Martin Keller (Director, National Renewable Energy Laboratory), Mark 
Northam (Executive Director, School of Energy Resources, University of Wyoming), Robert Simm (Senior 
Vice President, MWH/Stantec) and Frank Prager (Vice President for Environmental Affairs, Xcel Energy). 
A summary of the topics covered in the general session can be found in Appendix D. The panel, 
moderated by Bill Ritter, discussed regional needs and opportunities. 
 
In the afternoon, focus-area co-leaders led breakout discussions on their respective topics and 
summarized outcomes to all of the Summit’s participants. In each of the four breakout sessions, 
participants: 

o identified subtopics of interest, 
o identified relevant regional strengths, opportunities, and crosscutting themes, 
o inventoried applicable regional clean energy innovation assets,  
o outlined potential research areas for further development along with potential next steps, and 
o documented the overall session outcomes and observations, see Appendix E through H. 

 
The Summit was concluded with a general session led by Dr. Alan Rudolph, Vice President for Research 
at Colorado State University, that summarized the outcomes of from the day’s events (see Appendix I).  
All sessions were live streamed and are back up on the www.regionalsummit.org website for viewing. 
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APPENDIX A – Regional Partnerships 
REGIONAL CLEAN ENERGY INNOVATION PARTNERSHIPS 

FY 2017 Congressional Budget Request 
 
To accelerate clean energy innovation and commercialization in the U.S., the Department of Energy is 
establishing a new Crosscutting Innovation Initiative program in FY 2017. This program will fund 
research, development, and demonstration (RD&D) activities that will strengthen regional clean energy 
innovation ecosystems; accelerate next-generation clean energy technology pathways; and encourage 
clean energy innovation and commercialization collaborations between our National Laboratories and 
American entrepreneurs. As a part of this program, $110 million is requested to support a new 
competition to establish up to 10 Regional Clean Energy Innovation Partnerships (RCEIPs) around the 
country, cost-shared with state, industry, academic, and other stakeholder partners. 
 
The U.S. energy system is composed of regions with unique energy needs and opportunities. The goal of 
this subprogram is to accelerate the pace of innovation in clean energy technologies through the cost-
shared, technology neutral partnerships that fund RD&D to address the clean energy challenges and 
opportunities specific to regional energy resources, policies, customer needs, markets and the 
innovation capabilities of various regions of the country. 
 
A regional approach to innovation is responsive to the conclusion of The National Research Council 2012 
Report, Rising to the Challenge, noting that “Historically, federally funded R&D has not been connected 
to state and regional industrial development. Bridging that gap can create the local talent and 
technology base needed to convert these U.S. investments into domestic companies, industries and 
jobs.” Regional Clean Energy Innovation Partnerships complement national level RD&D efforts. 
 
Specific benefits of this approach include: 

• Leveraging existing knowledge clusters and comparative strengths of a geographic region; 
• Linking the needs of industry and energy decision-makers with technical resources and expertise 

at universities and laboratories to enhance clean energy technology commercialization, economic 
development, and manufacturing; 

• Sharing risks and pooling resources between the public and private sector to conduct RD&D 
projects with sustained and predictable funding; and 

• Allowing for the development of new pathways for RD&D involving nonfederal stakeholders and 
other performers not typically engaged through existing DOE programs. 

 
In FY 2017, DOE will solicit and competitively select up to 10 Regional Partnerships that will: 

• Competitively select RD&D projects for financial assistance based on technical merit and, 
generally, connecting innovators in their regions with RD&D funding; 

• Provide analysis, data, access to federal RD&D facilities, and project management; 
• Support development of early prototypes; 
• Encourage and support collaborative RD&D, regional public-private partnerships, and consortia of 

innovative clean energy entities; 
• Develop in collaboration with stakeholders regional energy innovation roadmaps to facilitate 

RD&D planning and inform annual plans submitted to DOE; and 
• Coordinate with other Regional Partnerships on best practices and technology projects relevant to 

multiple regions. 
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APPENDIX B -- Stakeholders 
 

STAKEHOLDER        MT                         ID      UT       WY           CO        ND       SD      NE         KS      NM 

GOVERNOR Steve 
Bullock 

Butch 
Otter 

Gary 
Herbert 

Matt    
Mead 

John 
Hickenlooper 

John 
Dalrymple 

Dennis 
Daugaard 

Pete 
Ricketts 

Sam   
Brownback 

Susana 
Martinez 

ENERGY POC  Brad 
Johnson 

Scott   
Pugrud 

Laura 
Nelson 

Alan 
Minier 

Jeff 
Ackermann 

Julie 
Fedorchak 

Chris 
Nelson 

David 
Bracht 

Jay Scott 
Emler 

Tony 
Delfin 

ECON. DEV. 
POC 

John 
Rogers 

Megan 
Ronk 

Val 
Hale 

Anja 
Bendel 

J.J.  
Ament 

Lance 
Gaebe 

Aaron 
Scheibe 

Courtney 
Dentlinger 

Kerrie 
Tyndall 

Therese 
Varela 

ENVIRON. 
POC 

Hope 
Stockwell 

John 
Tippets 

Sindy 
Smith 

Jerimiah 
Rieman 

 Martha 
  Rudolph 

Dave 
Glatt 

Nick 
Emme 

Tricia 
Scott 

John 
Mitchell 

Ryan 
Cook 
Flynn 

Table 1.  State stakeholders  
 
MT:  
Brad Johnson (Chairman; Public Service Commission) 
John Rogers (Chief Business Development Officer) 
Ms. Hope Stockwell (Legislative Environmental Policy Office) 
 
ID: 
Scott Pugrud (Deputy Administrator; Office of Energy-Energy Policy and Programs) 
Megan Ronk (Director; Idaho Commerce) 
John Tippets (Director; Idaho Dept. of Environmental Quality) 
 
UT:  
Laura Nelson (Governor's Energy Advisor and Executive Director, Governor's Office of Energy Development) 
Val Hale (Executive Director; Governor’s Office of Economic Development) 
Ms. Sindy Smith (RDCC Coordinator) 
 
WY:  
Alan B. Minier (Chairman-Public Service Commission) 
Anja Bendel (President; Economic Development Association) 
Mr. Jerimiah Rieman (Natural Resources Policy Director) 
 
CO:  
Jeff Ackermann (CEO-Director, CO Energy Office) 
J.J. Ament (Chairman; Office of Economic Development & International Trade) 
Ms. Martha E. Rudolph (Environmental Programs Director) 
 
ND:  
Julie Fedorchak (Chairman-Commissioner; Public Service Commission) 
Lance Gaebe (Director; The Energy Infrastructure and Impact Office) 
Dave Glatt (Chief; Department of Health-Environmental Health) 
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SD:  
Chris Nelson (Chairman; Public Utilities Commission) 
Aaron Scheibe (Interim Commissioner; Office of Economic Development) 
Nick Emme (Staff Attorney; Department of Environment and Natural Resources) 
 
NE:  
David Bracht (Director; Energy Office) 
Courtney Dentlinger (Department Director; Department of Economic Development) 
Ms. Tricia Scott (Department of Environmental Quality) 
 
KS:  
Jay Scott Emler (Chairman; Kansas Corporation Commission) 
Kerrie Tyndall (Director of Economic Development; Office of Economic Development) 
Mr. John Mitchell (Director, Division of Environment; Department of Health and Environment) 
 
NM: 
Tony Delfin (Acting Cabinet Secretary; Energy, Minerals, and Natural Resources Development) 
Therese Varela (Division Director; Economic Development Department 
Mr. Ryan Cook Flynn (Secretary; Environment Department) 
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APPENDIX C -- Agenda 
Regional Clean Energy Innovation Summit 
 
Date:          Sept. 19, 2016 
Schedule:  9:30 am – 5:30 pm MST; Reception following until 7:00pm MST 
Location:   University of Colorado Boulder - Sustainability, Environment, Energy Complex (SEEC) 
                    4001 Discovery Drive, Boulder, CO  80303 

9:30 – 10:00 am Check in and networking 

10:00 – 10:05 am Welcome:  Peter Green, Deputy Laboratory Director, National Renewable Energy Laboratory 

10:05 – 10:30 am Keynote/Opening remarks – Former Colorado Governor Bill Ritter, Jr., now Director, Center for 
the New Energy Economy, Colorado State University  ---  High level points from Collaboratory 
economic impact report & 9 state North Central and Inter-mountain West region description 
(MT, ND, SD, NE, KS, CO, WY, UT, ID). Discuss how local, regional and national innovation 
clusters and multi-state collaborations can help solve energy challenges in the 21st Century. 

10:30 – 11:30 am Panel Session #1:  Regional energy needs 
Moderator:  Bill Ritter, Director, Center for the New Energy Economy, Colorado State 
University  
Panelist #1:  Martin Keller, Director, NREL (regional needs in renewables) 
Panelist #2:  Mark Northam, Executive Director, School of Energy Resources, University of 

Wyoming (regional needs in fossil fuels and carbon capture)     
Panelist #3:  Robert Simm, Senior Vice President, MWH/Stantec  (regional needs in water) 
Panelist #4:  Frank Prager, VP for Environmental Affairs, Xcel Energy  (regional needs in electric 

grid and transmission)     

11:30 – 12:15 pm Lunch and networking  

12:15 – 12:45 pm Session #2:  Federal and state government perspectives  
Moderator:  Paul Johnson, President, Colorado School of Mines 
Keynote:  Colorado Governor John Hickenlooper   

1:00 – 1:45 pm Session #3:  Federal perspectives on regional clean energy innovation partnerships followed by 
Q&A 
Introduction -- Chancellor Phil DiStefano, University of Colorado Boulder   
Keynote – Franklin (Lynn) Orr, Under Secretary for Science and Energy, United States 
Department of Energy    

2:00 – 3:30 pm Session #4:  Facilitated topic area breakout session discussions 
Introduction and format for breakout sessions:  Terri Fiez, Vice Chancellor for Research, 
University of Colorado Boulder 
 
Breakout session A:  Grid and Storage 
Facilitator:  Tony Dean, Vice President of Research and Technology, Colorado School of Mines 
Session leaders:  Bryan Hannegan, National Renewable Energy Lab and Dan Zimmerle,  CSU 
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Breakout session B:  Food/Energy/Water 
Facilitator:   Jeff Muhs, Associate Director, Energy Institute at Colorado State University    
Session leaders:  Ken Carlson, Colorado State University and Tzahi Cath, Colorado School of 
Mines 
Breakout session C:  Energy/Climate/Efficiency 
Facilitator:  Terri Fiez, Vice Chancellor for Research, University of Colorado- Boulder 
Session leaders:  Dag Nummedal, Colorado School of Mines and Bob McGrath, University of 
Colorado-Boulder 
Breakout session D:  Renewable sources 
Facilitator:  Barbara Goodman, Executive Director | Institutional Planning, Integration & 
Development, NREL       
Session leaders:  Bryan Willson, Colorado State University and Ryan Gill, University of 
Colorado-Boulder 

3:45 – 4:30 pm Session #5:  Breakout session reports 
Moderator:  Tony Dean, Vice President of Research & Technology, Colorado School of Mines 
Each breakout session will summarize highlights to the full group 

4:30 – 5:30 pm Session #6:  Summary for a clean energy innovation region 
Moderator:  Alan Rudolph, Vice President for Research, Colorado State University 
Entire group will discuss information covered by speakers and breakout sessions. Open 
discussion on framework for a regional partnership with next steps.  
 
Note:  A portal will be open until Sept 22, 2016 at www.regionalsummit.org  to accumulate 
feedback and additional ideas. Feedback from the Sept 19, 2016 meeting and the portal will be 
summarized in a full report and sent to U.S. Department of Energy by Sept 23, 2016.  

5:30 pm  Meeting adjournment followed by a networking reception ending at 7:00pm 
 

Breakout session questions: 
 

1. To facilitate today’s activities, four topic areas have been proposed (Grid and Storage; 
Food/Energy/Water; Energy/Climate; Renewable Sources). These are not meant to be exclusive of the 
regional needs. Are there additional focus areas that should be added to the list?  

2. What are the regional strengths and opportunities in the four proposed topic areas and any topic 
areas added?  Is there an overarching theme for this region that should be pursued?  If so, please 
summarize. 

3. Commercial deployment of energy technologies is required to have impact at a large scale. What are 
the opportunities for industry and research communities in developing and deploying next generation 
energy innovations at a large scale in our region? 

4. How can we align anticipated research topics with state policies that become key drivers of 
deployment? 

5. Building on the idea of regional innovation partnerships based on the RPSEA model (www.RPSEA.org), 
what are additional inputs to the process and governance that should be considered?  How can we 
structure the regional entity in order to receive effective collaboration across the multi-state region? 
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APPENDIX D – General Session Notes 
Regional Clean Innovation Summit 9/19/16 

 
Welcome:  Summit Goals 
 
Peter Green, Deputy Laboratory Director, National Renewable Energy Laboratory (Dr. Green serves on 
the Colorado Energy Research Collaboratory Executive Board) 

 Ten states are represented at this Summit  
o MT, ND, SD, NE, KS, CO, WY, UT, ID and NM. 

 Goal:  To develop a regional approach to Clean Energy Innovation. 
o By defining technologies of value, we can minimize environmental impacts by 

maximizing collaboration across region. 
o The approach should have significant economic impact. 

 Today’s Focus: Develop action items for follow-up so that what is done here today is 
sustainable. 

 Three questions for each group: 
o Identify regional strengths and challenges;  
o Discuss opportunities for public/private partnership and commercial deployment; and 
o Understand how public policy decision will impact and influence achieving these goals.  

 Four Breakout Sessions focused on Four Areas of Research 
o Grid and Storage 
o Energy/Climate 
o Food/Energy/Water 
o Renewables 

 NREL: world-class; work with developing communities, small companies, developing nations – 
involvement, synergistic with NREL’s mission. 

 
Keynote and Opening Remarks: Collaboratory Impact Report and Multi-State 
Collaborations to Solve Energy Challenges 
 
Former Colorado Governor Bill Ritter, Jr., now Founder and Director, Center for the New Energy 
Economy, Colorado State University 

 Setting the context of the discussion:  
o International, national and local context regarding those who care about clean energy 

on the consumption and production sides 
o People in the business of power generation (utilities, etc.) are facing uncertainty, both 

nationally and internationally. 
o There is 100% agreement that decarbonization is part of our energy future 

 Need to find a balance between the technologies and the financing mechanisms 
that will enable this decarbonization. 

o On the federal level, Obama has used executive power to enact emissions reduction 
policies, including the 2013 Clean Power Plan: 32% emissions reduction by 2030 

o Utilities  were convening to discuss how to comply until Supreme Court stayed the plan 
 Market of uncertainty over next 5-20 years 
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 Decarbonization will be part of it 
 Technology and finance sides must be married together 
 Predictability for utilities 

o Note that technology is often out ahead of utilities, and regulation holds utilities back 
from adopting technology 

 Regionally, how do we comply with the EPA Clean Power Plan? 
o Western state attributes 

 85% of Nevada is federal land, CO also has a great deal of federal land;  
 Low population so wind farms can be built on private land without much 

trouble;   
 Coal, natural gas, solar, and wind energy resources; in addition to the 

energy/water nexus  
 Water as a resource is critical for energy production 
 Natural gas: what are the solutions around methane capture?  
 WY largest coal producing state – local economies; could be a model for 

rest of the country; and 
 CO Colorado first to modernize rules around methane under Governor 

Hickenlooper. 
 Great national laboratories in CO (NOAA, NIST) 
 Industry partners in cooperation with oil & gas companies as well as rest of the 

sector, like Vestas wind technologies that have a huge economic impact  
 Medium and small companies across the West are growing as well 

 Between 2008 and 2015, the Collaboratory investment of almost $8 million from state of 
Colorado funds was leveraged to attract more than $96 million in externally sponsored research, 
with an associated impact on the local economy of almost $194 million 

 Colorado Energy Research Collaboratory caused direct research impact of $94M from an $8M 
investment. This success helps to inform our thinking about how to take a regional approach. 

o The Collaboratory can be expanded regionally beyond Colorado 
o The region can take advantage of Mission Innovation resources to help make progress 

toward deep decarbonization and decrease uncertainty for utilities 
 Questions to consider today: 

o When it comes to deployment, what's the best way to work with utilities, labs, and 
finance organization to get to the point where we can utilize these technologies?  

 Utilities are affected by regulation so there can be challenges deploying 
technology when it comes out of universities 

 How can we shorten the gap/create pathways toward broad deployment? 
 How do we think about the business of utilities and look at how to use 

distributed generation, etc. toward these goals? 
 Western Utility Model—how do we think about the business of distributed 

direction? 
 How do we do this without increasing costs for those who can't afford it?  

 For example, coal miners in WY?  We need to justly transition these 
economies 

 Bill Ritter wrote “Powering Forward,” including a chapter on justice for 
communities that have been devastated by decarbonization 

  How do we ensure research from the labs is relevant to this future? 
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Session #1 – Regional Energy Needs Panel 
 For NREL, how can we provide solutions from the lab regionally? 

o Martin Keller (Director, NREL): We need to think about what's next  
 Solar and wind have made huge progress in cost reductions and deployment 
  Are we at the point where we have done enough with the technology?  
 The main concern is the energy being used in transportation and industry  

 50% of carbon emission is caused by automobiles  
 How do we find ways to offset that energy use using renewables toward 

this decarbonization goal?   
 Using renewables in the future to decrease consumption, alternative 

fuels such as biofuels, etc.  
 We are well positioned in our region with academics, industry, working with the 

national labs to identify what is needed to close the gaps 
 What is the status of the coal industry and where that can go toward decarbonization in this 

region? 
o Mark Northam (Executive Director, School of Energy Resources, University of Wyoming): 

This is an interesting time, where fossil fuels have cycles of sustainability concerns 
versus environmental concerns. 

 Coal production is currently in decline due to natural gas and decarbonization 
concerns. The market is declining, but in this region, all states burn coal—fossil 
fuels supply 2/3 of the energy used in the region  

 WY, MT, ND, and CO are top coal producers; and  
 ND, WY, CO, and UT in top 10 for natural gas production 

 We need to find technology that allows us to use these resources without 
increasing carbon emissions—this is key to the economic health of the region  

 Look at carbon capture, storage, utilization. Capture technology is not 
economic; transportation infrastructure for carbon is nonexistent; and we don't 
have a product for carbon utilization at this point. Storage is a public safety 
concern. There is resistance in the United States to use storage under the 
surface 

 Technology is not the issue: cost, public perception, and regulatory scheme are 
the challenges 

 What about water? 
o Robert Simm (Sr. Vice President, MHW/Stantec): There's a paradigm shift is how we 

view water and wastewater treatment  
 50% of all energy used from water supply is for pumping. Can we look at saving 

costs here?  
 20% of energy is flushed down toilets and sinks—can we capture that heat 

energy and use it?  
 Wastewater contains 10 times the energy needed to treat it. We need to get to 

net neutrality in wastewater treatment. We need to find efficiency in treatment 
processes, potentially turn food waste into biogas, or use algae microbial 
systems to treat and clean water 

 Collaboration is key to finding solutions. Research and Development through 
universities and national labs, for example: John Hopkins University has lab 
space and funds research as a collaborative partner on a zero sludge system 
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 Utilities—how to plan for uncertainty? 
o Frank Prager (VP for Environmental Affairs, Xcel Energy): Xcel has been trying to model 

how to move forward in this future for utilities 
 Regionally, they don't plan much at that level. States make policies, and CO 

doesn't have a regional market, but there is some interest in creating an RTO for 
western utilities  

 It could be cheaper if states cooperate. A larger market could balance the 
uncertainty from higher penetrations of renewables  

 Studies being done by NREL/NCAR on forecasting are useful to utilities. 
 The number one research need is storage for wind and solar. Even then, we may 

not be able to get to complete decarbonization—look to advanced nuclear, 
carbon capture and storage, and so on around 2050. Until then, we can go far 
with renewables 

 What about the private sector research needs? 
o Robert Simm: Wastewater heat capture is a research need. We need to look into 

reducing biofouling and optimizing heat transfer fluids to extract heat from wastewater  
o Northam: (In response to question on why Wyoming isn’t doing more to develop 

wind/renewable resources.) Wyoming doesn't have export capacity to develop 
renewables; the economy is based on fossil fuel production. Natural gas has reduced 
state coffers by one-third. Incentivizing wind is not a priority because there's no 
transmission capacity and no public acceptance culturally. Note that this is an example 
of a big difference in the region, despite all the similarities in other areas 

 Could develop an internal market for renewable production, perhaps to use in 
state for manufacturing using fossil products. This would create a brand new 
economic sector that could displace fossil products/revenues 

 Do we need new technology or just to deploy existing technology? How do we spend money—
innovate or deploy? 

o Martin Keller: it would be a mistake to stop innovation  
 We need policy and a plan for grid storage. We need to innovate to see how we 

can offset transportation and industrial energy use with renewables 
 Do we need new technology or just the ability to deploy it?  Transmission 

constraints. Should we focus on deploying and transmission versus innovation?   
 NREL – truth is in the middle, you need both. Lack a plan re: storage . . . 

innovation needed for the future; develop a plan to implement in the future.  
o Mark Northam: U.S. is the biggest innovator but we cannot do it alone—this is an 

international issue  
 CO2 doesn’t stop at our borders. How can we bring our ideas and those of other 

countries as world leaders in innovation to solve global decarbonization 
problems? 

 How much do utility policies need to change to get the full benefit of new technologies? 
o Frank Prager: California and New York are recreating the utility as a platform for energy 

retail transactions  
 We need to be prudent about how we approach those models. Our priority as a 

utility is reliability  
 We need to invest in the grid first because it makes everything possible and 

enables the mission  
 We also need to create new utility-customer relationships as interaction 

increase with smart devices  
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 We need to get the rules right – cost to price, net energy metering is a dicey 
issue for Xcel and a better model for state regulation. Xcel working on a pilot for 
pricing (pending before the commission) 

 Distributed energy resources, working with customers, old ways won't work 
with adding high penetration renewables.  

 
Questions from the Audience for Panel #1 
Q: How can we shift from what the industry can tolerate to what the economy can tolerate? 

 Bill Ritter: Have to go beyond the Clean Energy Plan. Aspect of this is political with campaign 
finance and political barriers on every side which can impede our progress 

o When sectors get involved in politics, makes regional conversation more important. We 
may be able to transition by building on regional agreements   

Q: What about NH3 liquid fuel as storage for wind/solar? Are you familiar with hemp as a fuel? 
 Martin Keller:  It is very important to a find a platform in the need of industry. Platform 

molecules like NH3 are an opportunity to consider. We need a platform where this can be used 
for transport or industry. Hemp as replacement for biodiesel – how scalable?    

 Mark Northam: More interested in liquefied natural gas. (Hemp has to be left at the 
Wyoming/Colorado border – said in jest). This can be used for carbon capture for coal plants 
inexpensively. Refrigerated liquids are promising but we need multiple mechanisms for all 
applications 

Q:  Geo-engineering research? In the future are we going to look into net-negative carbon? 
 Mark Northam: Friedman in DOE Vail Energy Summit projected by 2050, we will need net 

negative carbon emissions to maintain the 2-degree limit. We are not doing enough to limit 
carbon now 

Q: From an innovation perspective, how can farmers and ranchers help in the economy? How can 
ranchers participate in the carbon market? 

 Technology and Financing mechanisms are needed  
 Agriculture and Forestry need to be involved 
 Carbon accounting is another emerging area 

Q: How are extreme events (oil spills, pipeline) framing the larger discussion? 
 Bill Ritter: The political climate is tense; many places have only economic impact in mind.  The 

challenge is there is a patchwork of policies and priorities in each of the 50 states. We can't be 
too righteous about our own position in order to find common ground, especially when 
environmental concerns run contrary to economic development  

 Frank Prager: Customers all want clean energy but if it's more expensive, interest declines. 
Innovation is needed to make it reliable and affordable 

Q: What kinds of storage excite the utilities? 
 Frank Prager: Batteries—we have a ways to go with this technology, along with pumped hydro 

and an integration of renewables 
o The fear is that with increased wind production, we'll have negative costs at night with 

excess energy  
o Open to anything in terms of new clean technology, although utility scale is most effective 

as a grid resource 
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Session #2 – Federal and State Government Perspectives 
Introduction: Paul Johnson, President, Colorado School of Mines (President Johnson serves on the 
Colorado Energy Research Authority Board). 

 Gov. Hickenlooper was a geologist.  He recently wrote a book about his life in politics. He was 
the mayor of Denver when Bill Ritter was the Governor of Colorado. 

 
Session #2 – Keynote Speaker: Colorado State Governor John Hickenlooper 

 The challenge of getting states together is how do you create a collaborator approach? 
 Daunting Global Challenges 

o By 2040, energy consumption will be up 50-60% 
o Over the last five years, cost of wind dropped, 2009-2015 solar dropped by 78%  
o The polls I’ve seen on the topic of global challenges cite climate change and cyber 

security 
 Shifting to Cleaner Energy and Innovations in National Gas 

o As a geologist, it’s so dramatically different than how geologists have thought about 
energy  

o Innovations in directional drilling and fracking have advanced in recent years 
o The challenge is that even natural gas adds to climate challenges 
o Colorado is the first state to impose statewide operational regulations on methane 

emissions resulting in drastic reduction in fugitive emissions  
o Natural gas is a bridge fuel and will play a significant role going forward. The credible 

models show a significant amount of natural gas as a transition fuel to a clean energy 
economy 

 Colorado had the first renewable standard passed by voters 
o The percentage of energy from renewable sources rose from 1% to 15% in Colorado 

over a 10 year span (2004-2014)  
 Wind production was 67% of energy mix for one-hour period last year for Xcel 

(highest in the country at that time). 
o By 2020 Xcel will provide 30% of energy from clean/renewable sources. 

 Success Equation is Pairing of Innovation and Collaboration 
o The challenges with wind energy, however, are in intermittency and storage. 
o Nevada Governor investing more in innovation in battery storage than any other state in 

country. 
o The common denominators for successful integration of clean energies are innovation 

and collaboration. You can have one without the other, but you sacrifice scale and 
impact 

o Changes are mostly driven by markets, incentives, etc.  
 Clean Energy as it Relates to Workforce 

o We have a lot of jobs in the coal industry in Colorado. We need to provide coal 
communities with basic tools and incentives to help them transition 

o Gov. Ritter created what I say was the first of the clean power plants. He talked 
effectively about the number of jobs that will come out of clean tech. By being able to 
leverage market forces, things will go faster and better in the context of the climate 
imperative. If we can move to a low-carbon energy system, why wouldn’t we? 

 Collaboration: Expanding R&D funding, expansion of public/private partnerships 
o Support public good of reliable energy with continued funding for innovative R&D; the 

Collaboratory is a great model for this regionally 
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 $8M in State Funds leveraged to nearly $100M, with a total economic impact of 
almost $200M in working with DOE 

o Federal labs are tied with top research labs in this region resulting in innovative 
collaborations. Our region has some of the top researchers in the world, the resiliency of 
infra-structure, and significant research resulting in improving carbon-energy efficiency. 

 Los Alamos National Laboratory 
 Sandia National Laboratory 
 Idaho National Laboratory 
 National Renewable Energy Laboratory 

 Our degree of Collaboration is good, but needs to scale up 
o Opportunity: improve detection of methane leaks from natural gas and how to respond 

to them 
o The ability to be able to detect leaks will result in costs coming down much faster than 

originally anticipated. Each of these collaborative ecosystems have different strengths, 
can nurture the resources, uphold the highest standard for public health and protect the 
environments  

 Looking at these collaborations, we are going to solve this— 
o You’re a long way from where you need to go, but you’ve done a lot. I congratulate you 

 
Questions from the Audience for Governor Hickenlooper 

Q: I have heard that most of the tax credits have gone to the very wealthy, such as electric cars.  Will 
subsidizing clean energy create any opportunities for those in lower income brackets? 

o Innovations for the benefit of the wealthy eventually trickle down to middle class, etc. 
o Cheapest and cleanest energy is insulation and conservation. We still have programs 

around that effort. Low-income weatherization is still a big area of focus, but funding for 
these programs are impacted by the decline of oil and gas 

Q: What would you like to see come out of this session to empower changes described? 
o Getting states to work together is very powerful. Once you get the synergy of diverse 

efforts combined, you can get a dramatic magnitude of innovation 
o In the next session of the legislature, we will discuss the notion of getting regional states 

to work together. More local government funding resources is key.  A gasoline tax is not 
enough, so we are looking for different sources besides DOT funding. Federally, the 
expectation is for local sources to provide revenue which will take a larger match of 
resources. 

o The challenge in the state legislature is to avoid making it a partisan issue. Anything the 
Governor does has to go through the legislature, and the Governor cannot change the 
rules or compel utilities to change. Energy issues are always partisan  

o The larger question, is given that we won’t pay more for energy in our homes and 
businesses, how much cleaner can our energy be at the same cost? What can we do? It 
shouldn't be a partisan issue to make cleaner air 

o Doing the "honest hard work of listening" is the true work of state legislatures 
Q: The public acceptance of the reality of climate change and the need to decarbonize needs to be 
handled through education. What can Colorado do to set an example in educating the public, 
including young people, about climate change and unacceptable levels of global warming? 

o These areas are a real challenge. Universities are powerful in doing that work 
o Rhythms and cycles in weather create skepticism, but science is valid 
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 National labs also have other big roles: security, user facilities, and federal regulations to 
comply with 

 The Secretary of Energy is trying to work more strategically with lab directors in streamlining 
operations and directives, in helping share best practices, and in trying to improve lab planning 
processes 

Q: In the non-profit corporation model a 1:1 cost share doubling federal investment allows institutions 
to become sustainable in the long term, but they need to raise funds to keep things going. How will 
these non-profits be managed? 

 We will be listening to see if other structures make sense. There is some history that this model 
has worked 

Q: How does industry participate? Small companies? 
 At the beginning, we don’t require cost share. We should be flexible enough to allow both large 

and small companies  
 The cost share percentage depends on the stage of the R&D project 
 We would like to see partnerships with companies of a variety of sizes 

 
Session #4: Facilitated Topic Area Breakout Session Discussions 
Introduction and format for breakout sessions: Terri Fiez, Vice Chancellor for Research and Innovation, 
University of Colorado Boulder 
 

 Overview of breakout sessions 
 Up to this point, you’ve had a chance to listen. Now, we’re going to put you to work 
 The intention of the whole meeting is to get all of you together 
 Breakout areas were defined by the Collaboratory as being important in this region 
 Topic Areas: 

A. Grid and Storage 
B. Food/Energy/Water 
C. Energy/Climate/Efficiency 
D. Renewable Sources 

 
The goal of the breakout sessions were to discover how we might form this regional partnership. 
 

Please see Appendices E – H for individual breakout session note taken during pre-summit 
calls, as well as at the Sept 19, 2016 Summit. 
 
 

Session #5: Breakout Session Reports 
Moderator:  Tony Dean, Vice President of Research & Technology, Colorado School of Mines 
 
Each breakout session spokesperson summarized highlights to the full group. See the notes from Session 
#5 below. 
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A: GRID AND STORAGE 
 
Facilitator: Tony Dean, Vice President of Research & Technology, Colorado School of Mines  
 
Session leaders:  Bryan Hannegan, National Renewable Energy Lab andDan Zimmerle, Colorado State 
University.  Dan Zimmerle led the discussion. 
 
CONTEXT: The Grid on the western slope is divided into many balancing areas, and is fairly spread out 
due to mountains. 
 
 The underlying energy systems in the area are a diverse mix from coal, oil, gas, wind, etc. 
 There is a diverse climate regime from New Mexico to Montana. 
 
Strengths and opportunities 
 Region strength: very large renewable resource with high penetration. Also a good geographical and 

energy system mix 
o Very large wind, solar resources—uniquely positioned for regional play on high penetrations 

of renewables  
 Cross-cutting technology areas.  
 Good analysis and deployment capabilities at scale—industry, labs, etc. 
 Why? We have a good idea of forecasting: loads, wind, etc. There will be development of new 

system models. Possibility of large-scale storage  
 Driver behind this for displacement: move to a carbon-neutral system will impact carbon sectors and 

we need to bridge across those 
 Geographical disparity—different climates, etc. 
 Micro grids 

o Military bases, tourism areas, and data centers could be launch pads for this kind of 
deployment 

o Different kind of pull than resiliency on east coast 
o Danger Possibilities: Earthquake or Fire 
o More greening, military focus in this region 
o Good physical research infrastructure for demos on both sides of this; good lab testbeds; 

could possibly get some cities involved at the next scale 
o Private sectors, startups in this space; large amount of companies in distributed control 

space 
 Our research community and industrial communities can work together. 
 
 
 
B: FOOD / ENERGY / WATER 
 
Facilitator:  Jeff Muhs, Associate Director, Energy Institute at Colorado State University    
 
Session leaders:  Ken Carlson, Colorado State University and Tzahi Cath, Colorado School of Mines.  Jeff 
Muhs led the discussion. 
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CONTEXT: We need to look at this beyond just the technology, but at the life-cycle cost analysis, finding 
balance, looking at a holistic perspective and at underlying principles before technology development. 
 
Strengths and Opportunities 
 Region has a rich history of an abundance of energy and food production constrained by water, 

which is unique for this particular region for this topic 
 A number of unmet needs are in the agricultural system that could be market pulls; what are ways 

we could do a tech push in this market?  
 Office of Science had a good model for technology development as does ARPA-E. From a 

deployment perspective, finding ways to incentivize these demos so market pull can take hold 
 A lot of interest in biofuels in the region that is related to the water constraints. Rather than food, 

think of agriculture. Agriculture can account for 80% of water withdrawal and energy is obviously 
required; smart irrigation is an ongoing research area  

 Oil and gas produced water, there is a need for effort around that, and several research projects are 
ongoing in this area right now 

 The nexus of a food/energy system creates the need to look at a multidisciplinary approach to 
projects. This region has to have a systems approach 

o Bring in social sciences, economics, policy, and ecosystems/environment with technology.  
o Is DOE interested in system work for this partnership? 
o (Bryan Willson) We don’t know yet 
o DOE wants commercialization, and in doing so has to also consider social, economic, policy 

barriers—those are key in water issues 
o Eco-system scale and environmental scales are concerns 

 Economy of scale. Large scale is easy to recover nutrients. Have to think about it at this regional 
scale as well, as nutrients are harder to recover 

 
 
C: ENERGY / CLIMATE / Efficiency 
 
Facilitator: Terri Fiez, Vice Chancellor for Research and Innovation, University of Colorado- Boulder 
 
Session leaders:  Dag Nummedal, Colorado School of Mines and Bob McGrath, University of Colorado-
Boulder.  Dag Nummedal and Bob McGrath co-led discussion 
 
CONTEXT: Significant overlap with all the other breakout sessions on this topic. 

 Acknowledged the wide variety and number of organizations - clearly shows interest in Mission 
Innovation. New friends. Will find the appropriate electronic method to communicate. Start a 
web site?   
o In the next to the last issue of “Science” magazine, there was an article about economic 

impact across the planet, plotted in terms of bright light/industrial activity. No economic 
activity in Africa or South America. That’s not the direction we want to go in. 

 I would like to stress the importance of social science and education. We need to coordinate and 
overlap with other groups 
o There are important contributions in terms of energy efficiency that we will need to follow 

up on 
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Strengths and Opportunities 
 Several people brought up important issues about public policy and behavioral sciences 

o Huge need for K-12, general public, and elected officials level 
 Our region is rich in fossil and renewable energy sources, which makes us unique as a net 

exporter of both energy sources 
 Implementing gigawatt-level storage where the energy is produced is a big question. Is it 

possible for us to do this here? 
 The need for expanded distribution systems is very important if we are generating and storing 

all these renewables 
 Air quality is a big interest in Denver, Salt Lake City, and surrounding areas. Regionally, there are 

health quality issues directly related to energy generation and emissions. We can tap into our 
regional strengths of climate modeling and micro-climate modeling to find solutions.  

 Technology innovation and spin-off is important: Utah, Wyoming, and Colorado have been 
emphasizing this for a long time 

 Follow Up: This group has already been organizing follow-up sessions on energy and climate.  
 If we get our researchers talking and working together, they will find opportunities/building 

blocks for the future 
 
 
 
D: RENEWABLE SOURCES 
 
Facilitator:  Barbara Goodman, Executive Director | Institutional Planning, Integration & Development, 
NREL 
 
Session leaders:   Bryan Willson, Colorado State University, and Ryan Gill, University of Colorado-
Boulder.  Bryan Willson led the discussion. 
 
CONTEXT:  Ask the group what topics we should consider as regional under “Renewables”: 
 Recycling, efficiency, and reuse—looking at waste in manufacturing and reuse 
 We need more systems analysis to integrate topics 
 Does nuclear have a role and where does it go? 
 Perhaps we're too broad—pick one or two we can really focus on with available resources 
 

Strengths and Opportunities 
 Rich in renewables in region such as wind, solar and biomass, but not homogeneous; intellectual 

resources and DOE and other federal labs such as NOAA 
o This area could be the Silicon Valley of renewables 
o Much of the research coming out of labs tends to be just out of reach of 

commercialization—need a translational R&D 
 Create innovation standard for market pull with certified new technologies, can bridge gap due to 

costs 
 Create something similar to DOD for set of requirements for regional center 
 Regional ARPA-E able to define requirements for the region 
 A lot of talk on models around organization 
 Look at simplifying our message—is there an analogous program to "Stop smoking"? 



7-33

Page 32 of 61 
 

APPENDIX E -- Grid and Storage  
(Notes taken during pre-summit call and during summit) 

 
Regional Clean Energy Summit: Session #A  

Pre-Summit Breakout Session Topic Conference Call 
14 September 2016 

Attendees 

 Bryan Willson – Executive Director, Energy Institute, Colorado State University CSU 
 Maury Dobbie – Executive Director, Colorado Energy Research Collaboratory and Assistant 

Director, Center for the New Energy Economy, CSU 
 David Breedker – Managing Director, Microgrid Systems Lab, Santa Fe NM 
 Chad Wocken – EERC, University of North Dakota 
 Dan Zimmerle – Director, Electric Power Systems Laboratory, Mechanical Engineering, CSU 
 Poorva Bedge – Student, College of Engineering, CSU 
 Melissa Fox – Program Director, Applied Energy Programs, Las Alamos National Lab. 

Participating as Grid Modernization Director 
 Bob McGrath – RASEI Director, University of Colorado Boulder/NREL 
 Babs Marrone – Biofuels Laboratory manager, Las Alamos National Lab 
 Bryan Hannegan – Associate Lab Director for Energy Systems Integration, NREL 

Snapshot Summary: 

1Q: Additional Regional Focus 

 Grid Modernization is key. Changing storage prices will change the decisions. 
 Asking [about intersection with Regional Grid Initiative] from the Grid Modernization side  

o Put forward an originally Colorado-specific partnership discussion that could be 
expanded. Grid modernization landscape  

o Mountain West is changing from central station to distributed generation. Goal could be 
to get to 50% penetration 

o Needs power electronics, energy storage, weather prediction (NOAA, NCAR)  

2Q: Regional Strengths 

o great resources on weather at institutions, as well as companies  
o CSU has a lot going in atmospheric sciences plus a lot of industry  
o NSF/ESIF, INEL (beyond microgrids to mesogrid)  
o SolarTAC 
o XCEL is building a microgrid with Panasonic near DIA  
o Fort Collins’ FortZED beyond 
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 New Mexico 
o Sandia (leading role) 
o Multiple projects with DOD on: 

 Microgrids 
 Energy security 
 Solar/wind research,  

o Microgrid Systems Lab – UNM has microgrid facility,  
 Cybersecurity  

o Smart Grid consortium for EPSCOR, New Mexico Tech, Sandia. 
o Incubating effort around distributed level  

 at the device level: NREL working with PNNL, coordinated under Grid 
Modernization Initiative 

 Topology   
o We have a lot of hydropower, from big plants to smaller plants in the mountains. 

Are there other environmental drivers? 
o New Mexico Tech has a working group 
o Los Alamos Lab - Internal efforts on energy storage 

 
3Q: Developing and deploying on large scale 

 Industry partners (many). Ex: Spirae, Positive Energies, Tendril, 
 Utilities 

o Los Alamos Department of Public Utilities is an unregulated MUNI.  
 Also does water & gas 

 Water 
o Denver Water,  XCEL could be interesting  
o Research campuses could be an opportunity 
o Think about National Western Center 

 Energy Storage 
o Batteries from ND to NM, very different  
o Can look at this on a 50-state mix 

 Atmospheric Sciences 
o 20+ years from now 
o Resilience as an explicit discussion item 

4Q: Aligning research topics with state policies driving deployment 

 Policy is interesting :ranging from policy to economics to workforce training 
 where can we demonstrate planning tools? 

o New generation coming in behind the meter, changes nature of how to operate. 
o CNEE as a regional resource 

 
Q5: Organizational around partnership 

 Early preparation ideal 
 What is our Super strength? 
 What is our 5 year vision?  
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Grid and Storage Breakout Session Notes 
September 19, 2016 

Registered Attendees 

 

Question1: Additional Topics 
 Clean Coal / Nuclear – Is this included in the Energy /Climate/Efficiency section? 

 

Question 2: Regional Strengths and Opportunities 
 Strengths of our region: 

o Plentiful R.E resources 
o Geographic diversity 
o Many Balancing areas 
o High density of labs – NOAA/NIST/NREL and research universities 
o Atmospheric sciences  
o Good start up culture 
o Private sector partners (Vestas, Spirae, Panasonik) 
o Fast growth 
o Many test beds 
o Fast growth - Good timing 
o Distributed controls 
o Sustainable building design – largescale projects underway 
o Research in materials for storage, coatings, nanomaterials 
o Lots of hydro – large scale storage 
o Concentrated Solar Power – NREL / Sandia 
o Nuclear – INL 
o NREL – hydrogen (little interest from industry) 
o Large customer base willing to innovate and adopt (tourism, retail, new home builders) 

Carol Adkins Sandia National Laboratories Director, Energy Technologies and System Solutions
Poorva Bedge Colorado state University Graduate Student
Rebecca Cantwell Colorado Solar Energy Industries Association Executive Director
Chris Dorrington Montana Department of Environmental Quality Air, Energy, Mining Division Administrator
Allister Frazier University of Colorado Boulder PhD Student
Barbara Goodman National Renewable Energy Laboratory Executive Director
Peter Green National Renewable Energy Laboratory Deputy Lab Director, Science & Technology
Bryan Hannegan National Renewable Energy Laboratory Associate Director
Monica Heintz Sierra Nevada Club Denver Metro Network Technical Advisory Team Lead
Gregor Henze University of Colorado Boulder Professor
Jeffrey King Colorado Energy Office Business Development Manager
Vandana Koelsch CleanTech Open Regional Training Chair
Alice Madden CU Law School Executive Director | Getches-Wilkinson Center
Michael Marshak University of Colorado Boulder Assistant Professor, Chemistry/RASEI
Brian Oehler Cleantech Open State Director, Colorado
Wes Parham Xcel Energy State Government Affairs Manager
Omar Ruiz Turner Construction MEP Engineer
Christine Shapard Colorado Cleantech Industries Association Executive Director
Sarah Spencer-Workman Noresco Manager- Sustainability Services
Sid Suryanarayanan Colorado State University Assoc. Prof.
Daniel Zimmerle Colorado State University Senior Research Associate
Paul Zoby American Energy Assets Chief Executive Officer
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o Physical infrastructure and microgrid expertise – Powerhouse, ESIF, solar tak, RTCs, 
Idaho test grid 

o Supercomputing 
o Technology deployment application experience 
o Energy policy research group + education – CNEE, RMI, NREL analysis 
o Mix of red and blue state 

 Opportunities for our region 
o Grid Integration 
o Better integration between industry and academic research opportunities 
o companies  
o Aerospace company’s/military bases – they need to link better 
o PUC governance 
o Complex grid – many balancing areas 
o Coal plant retirement and need for replacement infrastructure 
o No ISO, electricity market 
o Resources in our region are more distributed than other regions 

 Challenges 
o Animal migration 

 
Question 3: Large scale Impact Commercial Deployment of Energy Technologies  
 
Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  

 Land use policies 
 Movement from oil, gas, coal economies 
 Lots of federal land investment 
 Few vehicle manufacturers in region though lots of research activity 
 Regulatory framework for hydrogen 
 Royalty streams of oil, gas versus other land uses 

Two main areas we want to focus on:  
 Bulk Renewables/Storage 

o Good bulk RE 
o Good forecasting 
o Multiple BA 
o Large scale storage including H2, hydro 
o Need for economic development 
o Replace oil and gas economy 
o Geographic diversity 
o Cyber and resilience 

 Interest in local energy systems 
o Microgrids 
o Large CCI customers 
o Military bases 
o Grid integration /distribution energy 
o Physical infrastructure available 
o Private sector 
o Startups 
o Distributed controls 
o Deployment experience 
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Comments made after Summit on Sept 22, 2016 
 
From: Hannegan, Bryan [mailto:Bryan.Hannegan@nrel.gov]  
Sent: Thursday, September 22, 2016 9:09 AM 
To: Dobbie,Maury 
Cc: Willson,Bryan; Zimmerle,Dan 
Subject: Re: Great Summit! 
 
Maury, during the Summit, one of the ideas I had regarding the focus of a potential RCEIP is around 
helping cities, communities, industrial parks, college campuses, etc. achieve clean energy systems at a 
10-100 MW or larger scale. Many of these entities have ambitious clean energy or renewables goals 
(e.g. City of Boulder 100% RE ambition) but no realistic and detailed path to get there. The non-profit 
org under construction could serve as a one-stop gateway to the impressive scientific capabilities of the 
region (NREL, NCAR, NOAA, CU, CSU, Mines, etc.) 
 
If we go down the “grid+storage” pathway we facilitated this would be a natural mechanism to address 
both large-scale grids and microgrids as well. This full “energy system” look would naturally include 
energy/water as well as natural gas, heating/cooling, etc. If we also include on our focus understanding 
how those future clean energy systems will have to change and adapt to weather and climate variability, 
we also can capture elements of the “energy/climate” breakout. A renewable energy future is highly 
dependent on weather and climate, and our regional strengths in weather and climate research are 
unmatched. 
 
Call it a “Front Range Regional Partnership for Weather, Climate and Energy Systems” and give it the 
goal of demonstrating 6-10 regional examples of progress towards a clean energy future at the industrial 
park/city/community/campus scale…   This would dovetail nicely with the planning regional partnerships 
as part of the DOE Grid Modernization Initiative. 
 
Am happy to discuss further if this is of interest as you put your thoughts together on a potential 
response. 
—— 
Bryan Hannegan, Ph.D. 
Associate Laboratory Director 
National Renewable Energy Laboratory 
Mail Stop RSF 050 
15013 Denver West Parkway 
Golden, CO 80401 USA 
+1-303-275-3009 (desk) 
bryan.hannegan@nrel.gov (email) 
http://www.nrel.gov/esi (internet) 
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APPENDIX F -- Food/Energy/Water  
(Notes taken during pre-summit call and during summit) 

 

Regional Clean Energy Summit: Session #B  
Pre-Summit Breakout Session Topic Conference Call 

14 September 2016 
Attendees  

1. Bryan Willson – Executive Director, Energy Institute, Colorado State University (CSU) 
2. Maury Dobbie – Executive Director, Colorado Energy Research Collaboratory and Assistant 

Director, Center for the New Energy Economy,  CSU 
3. Ken Carlson - Professor, Civil and Environmental Engineering, CSU 
4. Robin Newmark – Associate Lab Director for Analysis and Decision Support, NREL 
5. Dag Nummedal – Director, Colorado Energy Research Institute, Research Focus:  greenhouse gas 

emissions, Colorado School of Mines (CSM) 
6. Carol Sturman – Co-Founder, Sturman Industries 
7. Don Langley – Consultant with Bob McGrath, Industry interface with RASEI, history in the 

electric power business, appointed position with Aurora Water 
8. Tzahi Cath – Professor of Civil & Environmental Engineering, Research Focus: water treatment 

technologies, CSM 
9. David Swanson – Professor of Biology, Director of Missouri River Institute, University of South 

Dakota 
10. Babs Marrone – Los Alamos National Lab, Biofuels Program Manager, can also represent New 

Mexico consortium between LANL, UNM, NMSU, and NM Tech, on biotechnology for energy & 
food security 

11. Krysten Averyt - Associate Director For Science, University of Colorado Boulder 
12. Ashwin Dhanasekar- CSU (note taker for this breakout) 

  
Question 1: Additional Topics 

 A key area of shared interest is optimizing water utilization and energy use with agricultural 
irrigation. Specifically, biofuel crops, since there are ongoing projects with multiple 
organizations in the 10-state region. Future projects that would also benefit stakeholders across 
the region include: 
 Development and permitting of unconventional water sources for irrigation  

o Unconventional water sources may include oil field produced water, industrial 
wastewater, and domestic wastewater 

o Modeling efforts seek to  
 Identify and quantify these sources,  
 Determine wastewater qualities,  
 Understand treatment requirements, and  
 Develop cost/benefit analyses that include the full life-cycle (including 

transportation)  
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o This project would lead to implementation of the infrastructure required to use these 
water sources for irrigation 

o The project would involve: 
 Universities for modeling and bench scale treatment studies,  
 Engineering consulting firms for designing infrastructure,  
 Construction companies for building infrastructure,  
 Government regulatory agencies for permitting, and  
 Financiers for funding the scaled up applications at sites throughout the region. 

 Water is the limiting factor in expanding agricultural activity in much of the region. 
Enhanced irrigation techniques, including the project described above, will allow the 
utilization of water to be optimized and lead to additional crop production.  

 Additional technology that should be evaluated and demonstrated to enhance irrigated 
cropland includes: 

o Advanced monitoring techniques for nutrient and water application,  
o Biotechnology for genetically modifying plants for drought tolerance,  
o Soil supplements to improve the microbial communities that plants require, and  
o Remote plant health monitoring. 

 Agriculture to support the production of biofuels is of great interest in the region.  
o In addition to the topics discussed above for optimizing water utilization in irrigated 

croplands, there is ongoing research to model the impacts of: 
 Transitioning land from food to biofuel crops in terms of climate change,  
 Food security,  
 Biodiversity,  
 Ecosystems and other potential effects.  

o This research would be the foundation for projects that would provide support for 
the biofuel production ecosystem throughout the region.  

 The region has significant existing strengths in this energy-water-agriculture nexus including: 
o Experience with irrigating biofuel crops with produced water while minimizing 

treatment requirements,  
o Utilizing low energy irrigation systems, and  
o Using biotechnology to genetically modify biofuel plants for drought tolerance.  

Question 2: Regional Strengths and Opportunities 

 Collaboratory summary of Food/Energy/Water (Robin Newmark Provided- see last two pages of 
this document) 

 Rollup of Energy/Water/Nexus meeting from last fall, also a regional workshop 
o Part of an ERC on water infrastructure in urban settings. 
o Focus on decentralization, efficiency, potable reuse, increased focus on urban runoff & 

storm water capture 
o R&D related to oil & gas, decision support tools, new NSF grant from NSF on how to 

manage wastewater treatment centers 
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 Drought Tolerance in Plants 
o Biotech to genetically modify plants, both bioenergy & food crops  
o Remote monitoring of plant health  
o Direct monitoring of soils  
o Monitoring is close to commercialization; technology is on Mars Rover now, not sure if 

there is a commercial partner  
o Ken- Irrigation and plant needs and drought conditions with switch grass and canola, in 

collaboration with ag sciences in green houses, non-food crops and biofuels that don’t 
use fresh water 

 Regional opportunity & strength is the threat of wildfire and impact of wildfire on watersheds. 
Wildfire modeling sponsored by DOE & USDA. 

 Regional strength also in livestock & the contribution of livestock for methane emissions. 
 An additional topic is completely different climate conditions, so need to define what type of 

collaborations to be competitive  
o Ken – diversity can be a good thing 

 How adoption of biofuels would impact the Missouri River  
o Includes conflicts, energy, biodiversity, cultural (how do people value ecosystem 

services provided by the region), lots of modeling on putting back CRP land and other 
bioenergy / biofuels 

o Definition of bioenergy is 2nd generation biofuel crops 
 NREL identifies energy, water, food as part of their sustainability metrics. 4 areas:  

o Water & climate impacts into energy sector modeling analysis, production cost models 
& lifecycle analysis,  

o Technology, renewables, low-water biofuels,  
o Energy / water systems solutions, supply and demand. Have worked with Army on 

bases. Integrated planning in developing countries. Tribal issues.  
o Energy Systems integration, energy thermal. Unique hardware-in-the-loop in ESIF. 

Partnerships include CSM (low temperature recovery).  
 SWARMS: Southwest and Rocky Mountain South, with Sandia. 

o See 1 page fact sheet from Robin Newmark re: program in 3rd year  
o Not externally funded, but there are some seed projects. State of New Mexico was 

going to devote funds. “Meeting of the willing”, but no outside funding. 
o Through Energy Water initiative, 19 different companies. State & Government Entities 
o One issue is regional testbeds 

 Irrigation of biofuels with produced water, drought tolerance  
o Grew 2 biofuels, switchgrass & canola, with various amount of produced water. Have 

done in greenhouses, moving to open production next spring. Really agriculture/energy/ 
water, not food.  

o Also looking at recovering energy from wastewater treatment to make urban agriculture 
commercially viable in Denver Metro area  

o Looking at sewer heat recovery. Treating to irrigation standards 
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o We should reach out to Jill Cooper about Energy Water Initiative 
 4 areas: Irrigation – have systems that can irrigate a field on a 9 volt water & intelligent water. 

Fit for purpose water. System on use of NH3.   
 Over-allocated water resources 

o Interest in using water more efficiency 
o Runs “prairie water system”  
o Has appointment with Aurora Water, 3rd largest center in Colorado 

 DOE highlighted grid modernization, water utilization, & smart manufacturing  
 

Question 3: Large scale Impact Commercial Deployment of Energy Technologies 

 Commercialization opportunities 
o Tradeoffs -- CSM also working on 
o Commercialization is important at NREL 

 Have incubators and approaches to finance 
 Colorado industry partners are strong: MWH, CH2M Hill, Anadarko, Noble. 

o Injectors for hemp oil 
 

Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  

 Policy is a limiter and has environmental impact 

Question 5: Organizational Around Partnership 

 NSF ERC processes: strong industrial components and industrial advisory boards 
 Engagement with industry 

o Public resource managers 
o Large scale governance v. individual power plant or wastewater 

After Call Comments 

See SWARMS Fact Sheets from Robin Newmark, below 
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Food/Energy/Water Breakout Session Notes 
September 19, 2016 

Registered Attendees 

 

 

Kristen Averyt University of Colorado Boulder Associate Director for Science
Matthew Bailey Advisor to Government of Alberta International advisor IoT
Mary Berry University of South Dakota Vice President for Research and Sponsored Programs
Ken Carlson Colorado State University Professor
Tzahi Cath Colorado School of Mines Professor
Rachel Cheetham Sierra Nevada Corporation CoS
Jeni Cross Institute for the Built Environment, CSU Director of Research
Ashwin Dhanasekar Colorado State University Research Associate
Maury Dobbie Collaboratory Assistant Director
William Doe University of Colorado - Boulder Research Opportunities Coordinator
Kevin Doran U.S. Department of Energy Senior Advisor
David Ellerbroek AECOM Senior Vice President
Justin Fazzari Commerce Dept. - Economic Development Admin. Economic Development Representative (CO and UT)
Danielle Felix University of Colorado Boulder, RASEI Assistant Director
Cindy Furse University of Utah Assoc. VP for Research
Shemin Ge University of Colorado, Geological Sciences Professor and Dept Chair
Michael Hagood Idaho National Laboratory (INL) Director, Program Development
Paul Hallacher University of Colorado Consultant
Robert Hau Sperry Van Ness Managing Partner
David Hiller Colorado Energy Research Collaboratory Past Director
Jocelyn Hittle Colorado State University Director, Denver Program Development
Donald Langley DC Langley Energy Consulting CTO
Caitlin Leibert Chipotle Sustainability Manager
Matt Mansfield Flood and Peterson Risk Advisor
Jim Marchiori University of Colorado Denver Executive Director, Global Energy Management Prog
Jeff Muhs Colorado State University Energy Institute Associate Director
Robin Newmark National Renewable Energy Laboratory Associate Laboratory Director
Scott Palo University of Colorado Associate Dean of Research, College of Engineering
Tom Plant CNEE Senior Policy Advisor
Jennifer Ramsey National Renewable Energy Laboratory Project Leader, Innovation & Entrepreneurship
Ken Reardon Colorado State University Professor
Z. Jason Ren University of Colorado Boulder Associate Professor
Ryan Richards Colorado School of Mines Associate Vice President for Research
Carlos Romero New Mexico Tech Associate VP, Research & Economic Dev.
Joe Ryan University of Colorado Boulder Professor
Robert Simm MWH/Stantec Senior Vice President
Mark Sirangelo Colorado Energy Research Collaboratory Director, Authority Board
Lee Spangler Montana State University Director, Energy Research Institute
John Spear Colorado School of Mines Associate Vice President for Research
John Turner National Renewable Energy Lab Research Fellow
Kelly Underell Colorado Innovation Network Deputy Director
Heidi VanGenderen U.S. Department of Energy Director of External Affairs
Mark Wdowik Colorado State University Assistant Vice President for Research
Chad Wocken UND Energy & Environmental Research Center Principal Engineer
Ronggui Yang University of Colorado Boulder Professor
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Question 1: Additional Topics 

 Review of the Pre-Summit Energy/Water/Food Topics Discussed 
o Development/Permitting of Unconventional Water Sources 
o Modeling - Water/Wastewater Quality 
o Bench-scale Treatment 
o Government Regulatory Agencies 
o Drought Tolerance 
o Agriculture to support the production of biofuels 

 One thing that was missing is transportation. Transportation related issues is a huge topic that 
was not mentioned 

o Transportation is more of an energy end use 
o Important to include mobility  

 Wildlife and Wildlife Habitat for Energy Projects 
o New solar facilities, wind, etc, wildlife can come into play  
o Wildlife and habitat could be more important 
o Climate Change - Migratory patterns change  

 Social Systems, regulatory barriers/policy barriers, balancing regions  
 Financial Systems, distribution and transmission  

o Really tackling the problem would mean taking a systems approach  
 Life-Cycle Analysis, is definitely needed. CSU - We are definitely trying to get that working  

o Urban-Sustainability 
 

Question 2: Regional Strengths and Opportunities 

 Regional Topics to begin discussion: 
o Irrigation  
o Biofuels 
o Oil and Gas 
o Hydroelectric 
o Climate Modeling (Impacts on Regional Resources) 
o Carbon Measurements 
o Modeling Fluid flow through fractured media  

 Assets - What's unique about the region?  
o Public Lands 
o Indian Country 
o Growing Population 
o Water Availability (Constraints throughout the region) 
o Energy Resources 
o Food Production 
o Relatively Low Population   

 Sustainability of food system operations  
o It is good to set it up as a start for this region  
o The impact will be nationwide 
o States are mostly made by small rural communities 
o The economy of scale plays a huge role in water treatment. It has a lot of efficiency to 

improve and arrive at a sustainable solution.  
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 Needs: 
o  Research on urban rural linkages. Western states history of energy development. Need 

to make sure that informs future paths.  
 80% of use of water went to food production. No one wants to talk about that  
 There is a competition for our water 

o Projection of ag-water balance  
o Infrastructure. The authorities stretch across different levels 

 The competing interest for water can change with areas  
 In order to be pro-active, and to avoid drought, it takes an enormous amount of 

collaboration  
 Improve real-time information monitoring data about water, snow mass or 

stream flow 
o Another need is for collaborative planning to avoid having different water interests.  
o Need for federal authorities. Money is not allocated for drought per se 

 Questions: 
o How do you optimize the state/local/federal government for addressing drought relief?  
o How would this new landscape of energy-water use change the national hydrological 

system for various scales?  
o How to merge hydrological systems with local eco-systems?  
o How to align organizations to address this? Governance changes that can transcend 

boundaries.  
 Concerns - Water disposal due to fracking operations.  

o How do we handle intermixing of regulations? We need to have those discussions more 
often.  

o Main messages from the tribe - Each tribe is unique. Their use varies.  
 The consultation effort should be done. They are here, you can consult with 

them. 
 Tribes have always said we are connected, find balance, holistic type of 

approaches 
 We don't talk in terms of science, they keep it simple, just work it out.  

o Overarching Theme - We need to take a holistic approach, there should be a complete 
overall system that work with all these individual aspects 

 Social Systems would be great to work with on a life cycle analysis  
 We can find solutions only when we involve a systems approach  

o Are we taking an NSF approach to this or are we taking the DOE approach?  
 That needs to be addressed at the leadership levels  
 We do need to have technical components  
 Water for Energy is the start, then how does it impact agriculture?  

 You make produced water reusable for agriculture  
 Cost of doing it is significant  
 Crops for biofuels  
 If we need to go carbon negative, biofuels will have climate impacts, 

other similar issues 
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Question 3: Large Scale Impact Commercial Deployment of Energy Technologies 

 There is a large difference between small scale to large scale and then to pilot scale.  
o If you somehow incentivize the pilot scale work, it could be deployed very quickly 
o Test Beds are the core  

 It is a platform where people from different worlds come together to test 
different concepts 

 There are ongoing inter-agency conversations about waste water treatment 
 Opportunities in Colorado for produced water disposal  

o There's definitely a lot of activity on the renewables front  
o To use negative carbon concept, how can we better integrate renewables into our 

backbone energy grid 
o With food energy water, energy and food for water reuse is always good when there is 

an actual governance in place which helps. It changes the whole economics 
o Easier to work with state helped public lands than federal helped public lands  

 Transmission lines are pretty complicated  
 They cross through multiple lines: state, federal, private, etc.  

 Academia  v. industry and lab 
o What are the hurdles in commercialization?  

 Why doesn’t industry and NREL accept academic research right away?  
 Is it financial concerns?  

o Infrastructure and overarching guidance are some of the reasons  
 Small research projects, combine them together, and then try to commercialize it is key  

 

Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  

 We are going to have to fit the technology into existing structure of policy  
 For policy-makers, the agencies involved are diverse 

o If you make a list of who regulates what related to your work, it makes more sense 
when it is served to them on a silver platter, so that they can make a case for processing 
it 

 Academia needs to step in and provide that pathway 
 There must be policy research that will do this for you. Communication between people 

developing technology and people working on policy would help a lot  
 [Drawn on Flipchart] 

o Circles - Techno Wars, Policy, LCA, Ecosystems, Social Sciences, Economics  
o Big Circle: System 

 

 

******* 
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APPENDIX G -- Energy/Climate/Efficiency  
(Notes taken during pre-summit call and during summit) 

 
Regional Clean Energy Summit: Session #C  

Pre-Summit Breakout Session Topic Conference Call 
14 September 2016 

Attendees 

1. Bryan Willson – Executive Director, Energy Institute, Colorado State University (CSU) 
2. Maury Dobbie – Executive Director, Colorado Energy Research Collaboratory and Assistant Director, 

Center for the New Energy Economy, CSU 
3.   Mark Northrup – Executive Director, School of Energy Resources, U. of Wyoming 
4.   Bob McGrath – Director of RASEI, Colorado University Boulder/NREL 
5.   George Guthrie – Leads subsurface work on geothermal & CO2 capture, LANL 
6.   Babs Marrone – Biofuels Program Manager, LANL 
7.   Dag Nummedal – Directo, Colorado Energy Research Institute (CERI), Colorado School of Mines 
8.   Carol Sturman – Sturman Industries, Co-Founder, asked to participate by Newmont Mining 
9.   Jason Begger – Executive Director, Wyoming Infrastructure Authority, new integrated test center 
10. Don Langley – Consultant, industry interface with RASEI 
11. Scott Neil – DCP Midstream, VP Engineering 
12. Andy Wildenberg – E3Power, Denver Commercial Energy Audits 
13. Robin Newmark – NREL, Associate Lab Director, Energy Analysis and Decision Support 
 

Snapshot Summary 

Question1: Additional Topics 
 CO2 capture and utilization is important 

o Methane Capture 
o Regional partnerships: linkages with Dakotas on carbon capture 
o Multiple links in region with methane producers 
o Value in National Labs 

 Energy/Water 
o Linking energy, climate, environmental issues, atmospheric modeling, micro climate 
o NOAA and CIRES 
o Aerospace and NASA 
o All have industry partners 

 
Question 2: Regional Strengths and Opportunities 
 NOAA, CERES, lots of presence from aerospace around remote sensing 

o Largest university-funded NASA presence 
 (WY): Carbon Storage  
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o Moving carbon capture and utilization down the pipeline  
o  Carbon storage in Valley of death 
o  Cryogenic Carbon Capture 

 DOE support: being done at Brigham Young 
 In carbon storage, they’re working with pressure management and water 

utilities 
 Integrated Test Center. Will be used by X-Prize Foundation. Facility being built  

  (NM): Capabilities in the area in ground-based & remote satellite capabilities  
o Solar spectrometers & point sensors  

 Applying to global program sponsored by DOE  
  Have been applied regionally to looking at coal-fired power plants  

o Particulate monitoring to other energy-related products  
 Wood / pyrolysis   

Question 3: Large scale Impact Commercial Deployment of Energy Technologies 
 Government taking on mobility side on drop-in fuels  

o Need opportunities for renewable fuels 
 Residential energy audits  

o Clients are Xcel  
o People get audits but don’t act on results  
o Behavior is important. Xcel only tracks improvements    

 Need to see movement to utilization of CO2 as a resource 
 New plants have CO2 injection, but often has CO2 H2S from amines  

o Hot gas recovery is expensive  
o Getting rid of benzene, etc.  

 National Electric Cooperative, several utilities  
o Getting ready to issue an RFP for potential tenants; will announce Q1 2017  

Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  
 Policies around distributed power  

o Obstacle to cleaner [technologies] 
 NREL does a great deal of policy support, integration, and work with tribal group 
 CU’s legal staff will participate 

Question #5: Organizational around partnership 
 Technology Transfer is key 
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Food/Energy/Water Breakout Session Notes 

September 19, 2016 

Registered Attendees 

 

 
Question 1: Additional Topics 

 Public Policy and Behavioral Sciences 
o Education: K-12, legislators, and general public 
o Inform public school audience, climate change and energy efficiency, starting young, 

create curriculum that encourages thinking critically toward the future 

 

Michael Aire Newmont Mining Director, Energy & Environment
Tammie Borders Idaho National Laboratory Business Development
David Budd University of Colorado, Boulder Professor, Geological Sciences
Richelle Burnett eChromic CEO
Kipp Coddington University of Wyoming Director, Carbon Management Institute
Brittany Coyne American Lung Association Air Quality Program Coordinator
Anthony Dean Colorado School of Mines Sr. VP for Research and Technology Transfer
Sarah Derdowski CU Denver, Global Energy Management Program Director, Strategic Partnerships & Operactions
Mike Freeman Rocky Mountain Innosphere Innosphere
Don Grant University of Colorado Boulder Professor
Harry Gregory The Climate Mobilization Denver Chapter Organizer
Dietrich Hoefner Lewis Roca Rothgerber Christie LLP Attorney
Mandi Hutchinson Colorado School of Mines Assistant Research Faculty
Jack Ihle Xcel Energy Director, Env. Policy
Derek James NORESCO Director
Daniel Kaffine University of Colorado Boulder Associate Professor
Kathleen Lantz NOAA;  CIRES, University of Colorado Research Scientist
Richard Leonard Battelle CEO, Battelle Ecology Inc.
Jeff Lyng Center for the New Energy Economy Center for the New Energy Economy
Anthony Marchese Colorado State University Professor and Associate Dean
Shaun McGrath Environmental Protection Agency (EPA), Region 8 Regional Administrator, Region 8
Robert McGrath Renewable and Sustainable Energy Institute (RASEI) Director
Kyle Miller Freestone Strategies Principal
Dawn Mullally American Lung Association Director of Air Quality and Transportation
Mark Northam University of Wyoming School of Energy Resources
Arthur Nozik NREL and CU Boulder, Department of Chemistry Sr, Research Fellow Emeritus &Research Professor
Dag Nummedal Colorado School of Mines Director, Colorado Energy Institute
Gabrielle Petron NOAA Earth System Research Laboratory Scientist
Ed Raponi Shell Regional Finance Manager - Developing Gas Markets
Adam Reed University of Colorado Boulder Education Director, RASEI
Bill Ritter Center for the New Energy Economy, Colorado State Director
Sarah Sandberg Colorado Oil and Gas Association (COGA) Chief Operating Officer
Sean Shaheen RASEI Institute Fellow
Lyle Shuey Czero, Inc. Chief Operating Officer
Sarah Sloan National Renewable Energy Laboratory Director, Communications and Public Affairs
Dan Stiles Climate Reality Project Senior Advisor and Outside General Counsel
Juan Torres Sandia National Laboratories Deputy to the VP Energy & Climate Programs
Sandra Vanderstoep Alliance for Sustainable Colorado Alliance for Sustainable Colorado
Will Vaughan Colorado School of Mines Director, Technology Transfer
Jack Waldorf University of Colorado Director of Federal Relations
Janna West-Heiss American Lung Association in Colorado Denver Clean Cities Coordinator
Tamara Zelikova Department of Energy AAAS Science & Technology Policy Fellow



7-51

Page 50 of 61 
 

Question 2: Regional Strengths and Opportunities 

 Unique to our Region 
o Energy-rich: both fossil fuels and renewables, net exporter of both 
o Regional Themes: store energy near the source, our region, with low population density, 

may be ideal for development of gigawatt level storage, along with expanded electrical 
grid capabilities 

o Efficiencies:  
 Building technologies  
 Power managements and control systems  

 Help buildings with energy efficiency ad renewables 
 Zero-net energy consumption  

 Challenge is mismatch of demand at local site and generation of 
renewables, so storage problem 

 Energy efficiency is needed to help decarbonization in short term, 
develop new renewable tech that can remain efficient in the long term  

o Regional partnerships 
 We have a great regional partnership with Xcel, rebates, grassroots – need to 

get all involved not just the top 
 Look at stationary vs nonstationary storage with electric vehicles? 

o Air Quality: Energy/Climate themes important for air quality,  
 Leverage extensive regional expertise in climate and microclimate modules and 

prediction,  
 Capitalize on unique strengths, climate modelling and microclimate modelling, 

engage resources as Los Alamos, NCAR, and at University of Utah 

Question 3: Large scale Impact Commercial Deployment of Energy Technologies 
 Technology Innovation:  

o Start-ups! Denver and Salt Lake City have largest growing tech centers, maximize on 
innovations and commercialization abilities, also small/beginning entrepreneurs are 
innovators and need funding!  

o Need to apply advanced, practical and modern process controls, move toward advanced 
digital infrastructure, and  

o Use fuel-flexible engines, smart technologies, integrative technologies 
 How to integrate into existing or outdated systems (like coal plants)? 

 
Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  

 Public lands: Extensive public lands in our region, utilize as an advantage, could be both 
opportunity and a challenge 

 Social: energy economy 
o How to do this so that economy is not effected to negatively  
o What is the role of the sciences in this? 
o Consumer behavior 
o Corporate responsibility to energy-related climate policy and grassroots initiatives 
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 Coal:  
o Over 50% of electricity in this region comes from coal,  
o There is still a large need for carbon storage and sequestration (CCS) 
o Strong renewable and research in renewable energy is needed to integrate with our 

extensive fossil fuels 
o Challenge and opportunity to facilitate the communication 

 Follow-up: Create Topical Regional Workshops: Get the researchers talking 
o 1-Day workshops hosted by university in each state, topic is relevant to university/state 

focus/expertise, potentially ask universities to invite alumni? 
o Theme: research has to have a regional advantage, could request proposals in advance 

and researchers give 5-min pitch for workshop? 
o A collaborative online forum for discussion was suggested following the breakout 

session, perhaps a Linked-In page? 
 Link up databases regionally on who is doing what with research, even in 

industry 
 

********* 
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APPENDIX H -- Renewable Sources  
(Notes taken during pre-summit call and during summit) 

 
Regional Clean Energy Summit: Session #D  

Pre-Summit Breakout Session Topic Conference Call 
13 September 2016 

Attendees 

1. Bryan Willson – Executive Director, Energy Institute, Colorado State University (CSU) 
2. Maury Dobbie – Executive Director, Colorado Energy Research Collaboratory and Assistant Director, 

Center for the New Energy Economy, CSU 
3. John Chatburn – Idaho Governor’s Office of Energy Resources 
4. Vicky Telles – Los Alamos National Laboratory 
5. Chad Wocken – Principal Engineer, Fuels and Renewable Energy Lead, Energy and Environmental 

Research Center, North Dakota 
6. Ryan Gill – RASEI, Associate Director for Research/Associate Professor of Chemical & Biological 

Engineering, University of Colorado Boulder 
7. Tony Dean – Vice President of Research and Technology, Colorado School of Mines 
8. Lee Spangler – Director, Energy Research Institute, Montana State University   
9. Carol Sturman – Co-Founder, Sturman Industries 
10. Jeff Muhs – Associate Director, Energy Institute, CSU  
11. Karyn Murphy – Executive Assistant, Collaboratory (taking notes for this session) 

Question1: Additional Topics 

 Conversion technologies included in Renewable Energy topic area 
 We fit in multiple topic areas, i.e. distributable power in future grid 

o Bryan: Maybe change Energy/Climate to Energy/Climate/Efficiencies to encompass 
more areas 

 Depends on where power comes from: fossil fuels is energy/climate, clean 
energy like solar or wind, renewables 

 Additional source of new fuel:  hemp  

Question 2: Regional Strengths and Opportunities 

 Montana has several strengths  
o Algae biofuels  
o CO2 storage  
o Wind 
o Expertise is in composite material for turbine blades at Montana State 
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 North Dakota Wind as a resource  
o Challenge is distribution  
o DOE on CO2 capture & EOR  
o Ag residue and ag resources 
o Wind is a deployment play, but also looking at integration  
o Energy resource analysis 

 Possible that hemp is a strength if synergy between our two states 

Question 3: Large Scale Impact Commercial Deployment of Energy Technologies 

 Working with large IT companies and their databases  
o Efficiencies & cleaner operation are of interest on a national level  
o Opportunity may lie in finding industries interested in change 

 Need distributed manufacturing  
o Need technologies at the scale of the resource  

 Size of the investment is really large  
o  Small deployments 
o  Role that startups & entrepreneurs play 
o Good history to leverage 

 I am coming more from the academic side  
o Will check with other people in my state before the Summit  
o In some areas, a big barrier for investors is regulatory uncertainty  

Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  

 Biofuels or renewable electricity, not only changes in subsidiaries, but across state lines. 
o What happens in MN can affect ND, and vice versa. Knowing where it is used and 

distributed is an important component 
 Echoed Chad’s remarks 

Question 5: Organizational around partnership 

 Herding cats, “need to move the food” and funding will be important to have partnership to 
work with common items for largest goal. Finding the largest things in commonality. 

 For universities, valley of death for universities includes the need to publish. Need to move new 
technologies into market, but early stage disclosure threatens publishing credit. Private / 
university partnerships struggle 

 Valley of death for high-tech is funding due to the need to demonstrate the new technology first 
 Recognize that it’s a big challenge 

Closing Comments:  What is missing? 

 Back Up Systems and Test Beds 
o One of the things we have seen with new source technologies is back-up systems, [for 

example] if there are incorporation or interaction issues, the new technology is blamed. 
Maybe a test bed that won’t bring a critical operation down is needed. Interaction can 
be tested without poisoning the waters of the new technology 
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o In the academic world we focus on devices, but in the real world, we have to figure out 
how systems work. Goes back to Carol’s comment about looking at this as a system. 
Agree with your comment on testbeds. Should be explored. 

 West versus East Coast Food Growth/Rural States 
o Also how much of the country’s food is grown in this region? Whatever renewable 

energy strategy is decided, we are largely looking at rural states. Could be dramatically 
different from east or west coast. 

Post-Call Comments 

Sent: Wednesday, September 14, 2016 4:13 PM 
Subject: Energy & Environmental Research Center - Expertise in renewable energy 

Maury, 

During the call yesterday, I spoke of ND energy resources, but failed to provide any info on EERC 
research capabilities.  

I’m writing to provide you with a list of EERC expertise relevant to renewable energy which you can add 
to your list. 

Gasification – We have decades of experience and ten test platforms ranging in scale from 1-
lb/hr to 1-MW (thermal) capacity. These pilot scale gasifiers are available for hire. Additionally, 
these systems have formed the basis for a variety of technology advancements around syn-gas 
production from different feedstocks and technology platforms. 

Syn-gas clean up and gas-to-liquid synthesis – EERC’s expertise and capabilities in gas cleanup 
and GTL are paired with our pilot scale gasification systems and enable a testing of a wide range 
of operating conditions related to biomass conversion to liquid chemicals and fuels.  

Advanced biofuels – The EERC, under contract to DARPA, developed a bio-oil (crop oils and 
algae) to specification complaint jet fuel. We have a variety of batch and fixed bed reactors 
capable of supporting catalyst testing/screening, process optimization, and scale-up of new 
processes for advanced biofuels.  

I hope these are helpful to you and apologize for not providing them during the call yesterday. 

Chad Wocken 
Principal Engineer  
Fuels and Renewable Energy Lead 
Energy & Environmental Research Center 
15 North 23rd Street, Stop 9018 
Grand Forks, ND 58201 
Phone: 701-777-5273   Fax: 701-777-5181 
E-Mail: cwocken@undeerc.org 
Web site: www. undeerc.org 
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Renewable Sources Breakout Session Notes 
September 19, 2016 

 

Registered and Actual Attendees 

 

Question1:  Additional Topics 

 Recycling, efficiency, and reuse 
 Potentially consider nuclear, either under energy or climate 
 Do we consider waste and consumption?  Potentially include under manufacturing 
 Health issues related to energy. Perhaps consider health as a topic 
 Policy and behavior as a driver of innovation has not been covered 
 Metro wastewater – regional wastewater utility. Energy recycling is an issue 
 Municipal solid waste is an opportunity; wastewater as well 
 Need systems approach rather than discrete silos 

Janine Benner DOE - Office of EERE Associate Assistant Secretary for EERE
Jeffrey Cameron RASEI Institute Fellow
Rebecca Cantwell Colorado Solar Energy Industries Association Executive Director
Brittany Coyne American Lung Association Air Quality Program Coordinator
Carrie Eckert Renewable and Sustainable Energy Institute (RASEI)Joint Appointment with NREL
Justin Fazzari Commerce Dept. - Economic Development Admin.Economic Development Representative (CO and UT)
Maria Ghirardi NREL Fellow
Ryan Gill University of Colorado / RASEI Slade Professor / Associate Director Biotechnology
Barbara Goodman National Renewable Energy Laboratory Executive Director
Sue Ellen Haupt National Center for Atmospheric Research Senior Scientist and Director, Weather Systems Pro
Geoffrey Herrig Pipefitters Local 208 Business Representative
Greg Jackson Colorado School of Mines Professor and Dept. Head
Paul King National Renewable Energy Laboratory Scientist VI-Supervisor
Branko Kosovic National Center for Atmospheric Research National Center for Atmospheric Research
Jeff Lyng Center for the New Energy Economy
Devonie McCamey National Renewable Energy Laboratory Communications Specialist
James McQuarrie Denver Metro Wastewater Reclamation District Chief Innovation Officer
Carman Melendrez University of New Mexico Research Faculty
Michael Nastasi University of Nebraska Director of the Nebraska Center for Energy Science
Arthur Nozik NREL and CU Boulder, Department of Chemistry Sr, Research Fellow Emeritus &Research Professor
Dan Powers CO-LABS Director
Karen Regan CU Boulder AVCR
Alan Rudolph Colorado State University Vice President for Research
Sean Shaheen RASEI Institute Fellow
Lyle Shuey Czero, Inc. Chief Operating Officer
Juan Torres Sandia National Laboratories Deputy to the VP Energy & Climate Programs
Jao Van De Lagemaat NREL Center Director, Chemistry and Nanoscience center
Sandra Vanderstoep Alliance for Sustainable Colorado  
Brian Vasel NOAA / ESRL / GMD Director of Observatories
Rongfu Wen University of Colorado Research Associate
Janna West-Heiss American Lung Association in Colorado Denver Clean Cities Coordinator
Dongliang Zhao University of Colorado Boulder Research Associate
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Question 2: Regional Strengths and Opportunities 
 Rich in terms of renewables across entire region: wind, solar, biomass 

o However, region isn’t homogenous 
 Region could evolve into Silicon Valley of renewable energy; great resources such as   

o DOE Labs: NREL, INL, Sandia, LANL 
o Non-DOE Labs: NOAA / NIST / NCAR / USDA / Forest Service 

 Have worked through some of the social dynamics around collaboration through CERC; 
o However, would benefit from having innovation theorists at the table 

 Nebraska:  
o Represent states east  
o Biofuels & cellulosic  
o Nebraska Center of Energy Science Research  

 Draws income from regional partner: Nebraska partner 
 New Mexico:  

o Have 2 large labs  
o Universities  
o Electric utility management program  
o UNM in storage, NMSU  
o Region is resource rich. Rich in renewables as well as fossil, just don’t have the loads  

 Won’t consume in region  
o U of New Mexico:  Summit in New Mexico  

 Breadth vs. depth  
 Have too many voices & messages  
 Need a “Quit Smoking” message  

 Message might be decarbonizing  
 Energy is a portfolio 

o Consider consolidating resources and fund 1-2 options that we can really expand on that 
will make the biggest difference for the nation and the planet—need to start narrowing 
down areas of focus rather than spread funding too thin 

 Great point: are there areas that have particular regional focus? 
 Need to create messaging around these efforts, some kind of campaign like 

quitting smoking—"quit carbon" 
 This involves not only renewables, but grid, etc. 
 A portfolio approach is necessary—particularly in this region 

o One thing that's exciting—photosynthesis and bio-sequestration research at various 
universities and NREL;  

 want to focus this on a small scale; capitalize on this on the regional level 
because it's a strength at these institutions  

o Emphasis on soil storage 
o Great strength in CO2 
o Idaho has Center for Advanced Studies in Energy:   

 Lots of hydro, but no renewable energy standard,  
 Lots of renewables, and 
 Stranded coal assets, RPS expired  

 
 Export power is a theme  
 Montana Tech has extensive program in oil & gas; interest in renewables 
 Woody biomass, water 
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Question 3: Large Scale Impact Commercial Deployment of Energy Technologies 
 We have lots of resources in the ground  
 What are the intellectual resources in this region, outside of CO? We could be looking at existing 

industries, or creating new companies  
 What are the other companies who have track records in innovation in other states? Could have 

difficulties crossing state borders to maintain and establish partnerships 
 How can we take early-stage R&D to commercial viability?  

o Requires a lot of different people coming together—for example, ARPA-E projects 
require you to have a commercialization effort. Need to think way beyond early stage  

 We have technology that works and could be deployed at vastly greatly scale but it's really 
about policy barriers and relative power of the utility versus the solar industry  

o The difference in resources, intellectual capability, everything needed to make it equal 
was absent—it takes intellectual/academic capacity to overcome some of these 
structural issues that are keeping renewables from hitting goals  

o Need some sort of repository that small companies can access or use to bolster their 
argument  

o Need to fully explore thought leadership in building these innovation ecosystems 
 Utility partners are a critical component—have research labs and universities show their 

connectivity with the practitioners  
o Sometimes labs are just out of reach of where the practitioners need to go to make 

decisions about using a new technology  
o Need to see where you're going—be able to forecast this. Some sort of a translational 

element bridging between early stage and commercialization  
 Think not about reinvesting in best practice, but retiring into a new pathway  
 Need market pull: idea of an innovation standard – perhaps 15% of expenditures should be on 

“innovation certified new technologies” --- technologies that seek to bridge the gap 

Question 4: Aligning Topics with State Policies to Become Key Deployment Drivers  

 Pull for the technology instead of the push  
o Do buyers want it and when?   
o Can you predict when they need it?   
o What do utility resource planners need?  

 A great deal of the west is served by public power cooperatives, 57 just in Colorado  
o Co-ops, public power—they tend to be more interested at the retail level in smaller 

scale technologies, so there's a pathway there (peak shaving, load shedding, etc.) 
o Larger investor-owned utilities focused on large 1,000 MW projects  

 How do you create the markets that break out of the model of wait and see?   
o PTC show there's a sale on renewables in next few years 
o Energy efficiency deployed at ~2%, people generally coming around to idea of end use 

efficiency  
o Grappling with aged coal plants—do we invest in this asset or retire it? 
o Those are the opportunities where states can act—R&D needs to be meeting those 

needs in 5-10-15 year timeframe 
 Couple of failures: 

o 2009 Stimulus funding, smart grid proposals  
o State of NM, but it failed because they didn’t have their storage together. Different 

interests 
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o Rocky Mountain Smart Grid initiative – proposed setting up regional microgrids, 
primarily to support military bases. Didn’t take off, but did get the bases to start – 
resulted in SPIDERS (Smart Power Infrastructure Demonstration for Energy Reliability 
and Security), quasi-success  

o State of VT brought in smart grids and renewable technology; strength was they clearly 
defined their goals. Owners of the infrastructure aren’t necessarily here, i.e. utility 
industry, stakeholders  

 Coops are the most democratic utilities 
o Co-ops have FERC issues  
o Interest in community wind and biomass  

 How can we align anticipated research topics with state policies that become key drivers of 
deployment? 

o In solar area, what do you observe with investor-owned utilities, co-ops, motivation of 
homeowners, etc.? 

 Co-ops are seeing opportunity in community wind, biomass, solar; harder time 
in areas with dispersed populations  

 Industry is very open to intellectual help and support; fertile ground for research 
and intellectual assistance  

 Role of policy even down to local distribution company—can have a huge impact on technology 
adoption. Role of a regional center—innovation around thought leadership piece? 

 Collaboration is not necessarily a strong point for tech/science people. Need to establish people 
who can help bridge that gap 

o That pendulum swings—there are times when labs are constantly competing due to 
funding, and then there are times like now that mandate collaboration and industry 
partnerships 

o Idea: bring boots-on-the-ground people together to share research ideas, how to bridge 
gap to commercialization, so everyone gets to see what is going on, could lead to on-
the-spot collaborations 

 Seed money for projects that create collaboration? 
 People who actually do the work can understand each other 

o Peer group ASC – established to bring together direct current working group; there's 
buy-in from all parties; it's an open, shared experience  

 
Question #5: Additional Inputs to the Process 

 Models that work – on wastewater, national structure.  
o Key element is a symposia. 2-day sessions in various areas with industry involved 
o RPSEA 

 Building on the idea of regional innovation partnerships based on the RPSEA 
model (www.RPSEA.org), what are additional inputs to the process and 
governance that should be considered? How can we structure the regional 
entity in order to receive effective collaboration across the multi-state region? 

o On wastewater side, beginning to see connections with energy side— 
 Symposia with disparate entities coming together to see if synergies develop; 

every year they produce results  
 Create a structure that engages that sort of mash up 

o EDA.gov: coalitions pull together universities, private sector, nonprofits for 
manufacturing-specific initiatives—these communities make a lot of headway  
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o Project to improve solar forecasting at NCAR, brought together wide range of labs and 
industry and research groups  

 Workshops would start with panels with industry folks so they could see what 
their real needs were  

 Social scientists led brainstorming sessions  
 Then, academic partners and labs did publishable work, all worked toward a 

common goal  
 $4.1 million over three years, $2.5 million cost share 
 Fact that industry was bringing cost share—they had a buy in too 

o Social sciences—this is an element that is key.  
 Human behavior is an area where there could be tremendous benefits—not 

only in determining how to run the organization, but involve end users 
o Manufacturing initiatives: University of Utah / Utah State, www.eda.gov 
o Concerns? 

 Cost share requirements for industry can make it prohibitive 
 Incentivize these  
 Hearing more requirements in the energy space—specific goals; the more 

consensus on what requirements drive us, the more incentive to drive these 
collaborations  

 DOD does this well, as they have a requirement to defend the country.  
 DOE has been loath to define that requirement. Uncommon 

collaboration  
 What would these be about? Some quantitative?  

 Depending on the group, who is tackling which ones: 
decarbonization goals, storage goals, transportation/distance 
goals—get conversation to a basis of what we're collectively 
trying to achieve  

 Even the money doesn't sustain a collaboration unless the team 
knows what they're trying to achieve together 

 Impacts on jobs are a concern. Projects that can bring any blue collar 
people to work = more buy in from legislature 

 
 
Closing Comments Around the Room 

 EDA—new integration program; technical assistance type grants fit in with this type of work 
 NREL brings tech to market well 
 Basic science is important to this discussion. Photosynthesis—could be advanced, in terms of 

improving efficiency or artificial means. Fuel is 75% energy consumed, 25% electricity 
o Vast potential for better collaboration between industry and academia  
o Unfortunate that there's not a bigger tech presence here today 

 One of the whole points is to drive regional collaboration, supposed to be an organic 
conversation, leave it up to the regions to figure out strengths, etc. 

 Always going to be times of day renewables aren't going to be in play—storage is key; energy 
recovery from wastewater could be a source of storage; can time that sort of thing to with 
renewables and blend with forecasting 

 Role of social science in the effort—changing human behavior could give us quick gains in 
climate policy 
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 Front Range and states should position ourselves as leaders in this area—make it known in DC 
 Encourage a “systems look” —we create an industry but don't keep it here, like PV—we pushed 

it but now it is centralized in China 
 Think about security—incorporate in the beginning 
 As a region, water is one of the most significant resources—think about interconnectivity 
 Use urban ecosystems approach to think about how energy efficient we could be 

o We are not well set up to do better with energy—we could bundle issues better for 
society 
 We're in a bubble here—great if we discuss with community to get unified 

messaging 
 Lung association—health statistics can help push for it 

 Focus on where the need is—three states here have the largest lift to decarbonize under Clean 
Power Plan 

 Clean energy pathway concept: some minimum level of mandate, something like that could be 
the ante for orgs to be part of regional partnerships 

 Real or perceived sense of competition among research institutions, etc. but shared goal: end 
use utilities, etc. are not in competition with one another, consumers are not in competition. 
How do we square these things up? 

 Think about how valuable models might be—not just emissions and temperatures correlation—
show renewables impact on lowering emissions to make better predictive policies  

o Computational models could be useful 
 Being able to utilize renewable feedstocks, synthetic biology will be big—going to be able to do 

a lot 
 Students not interested academic but in energy, industry; try to hone our generation of new 

industries here—create new energy sector here from the ground up  
 
 

******* 
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APPENDIX I -- Summary 
Session #6: Summary for a Clean Energy Innovation Region 

Moderator: Alan Rudolph, Vice President for Research, Colorado State University 

 The energy that we got today is going to propel us for what is next. We intend to keep up the 
momentum. We stand ready to respond if DOE presents the opportunity to our region. 

 Bill Ritter is an icon in the field and a national figure. Ritter's questions set the stage for this 
discussion. 

o Panel: there is a lot of technology—how do we engage with industry in more powerful 
ways? 

o How do we address models to support revenue generation models that embrace 
renewables? Broadening landscape so renewables can be more easily integrated 

o Social sciences and behavior are huge—what is it going to take to see adoption and 
change in our society? How do we integrate diverse voices and make sure everything is 
done in a socially just fashion?  

 Our regional competitive advantage—something he didn't hear was we have distinct 
generational advantage as well, very young population with millennials. Industry needs to 
attract this population and seek to exploit it. 

 What's ahead? 
o The Collaboratory is a stake in the ground to launch these regional collaborations, ROI is 

big, and we could consider expanding. 
o Lynn Orr talked about ingredients of successful application—a 501 c3 will be created to 

meet this requirement. 
o We need to provide bylaws that will create organizational groundwork for the new 

organization: those are being drafted now. 
o We will be leaving a portal open for additional ideas and comments on the Regional 

Summit website  
o Need a placeholder for this very important region and we will immediately following up 

with a report to DOE. 
 Comments from the room 

o DOE has to fund things within the mission. We are looking at technology-neutral things, 
to put decisions in the hand of the regions to fund those entities and take a systems 
approach. 

o Need to have action items after this meeting—some kind of next steps to ensure follow 
up. 

o (University of Utah)  Clean energy research in our areas would be a good list to have. It 
is hard to find them for all the states in our region. It would be useful to have a resource 
to easily find them. Perhaps the Collaboratory to take that on? 

o Maybe One-day workshops, too?  Perhaps Utah could start? 
  

* * * * ** 
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Opening Remarks, President Eli Capilouto 
 
Thank you. It's a pleasure to be here this morning and welcome our guests from out of town to 
Lexington and the University of Kentucky.   
 
I’d also like to introduce some of the members of the UK family who have built the foundation for 
UK’s strong relationships with the Department of Energy: Lisa Cassis, our Vice President for 
Research, and a highly regarded scientist with a large research portfolio funded by NIH; Larry 
Holloway, Chair of the Department of Electrical and Computer Engineering, Director of the Power 
and Energy Institute of Kentucky, and state director of Kentucky’s DOE EPSCoR (Experimental 
Program to Stimulate Competitive Research) program; and Rick Honaker, Chair of UK’s Mining 
Engineering Department, who is helping lead our partnership with DOE’s National Energy 
Technology Laboratory to develop a mobile pilot-plant facility for the recovery of rare earth 
elements from coal. 
 
Because of the extraordinary talent on our campus, we were honored – but not surprised – when 
our Center for Applied Energy Research (CAER) was asked to spearhead and help lead this Forum.  
Led by Director Rodney Andrews, CAER is one of the nation’s leading energy research and 
development centers.  
 
CAER is home to researchers like Kunlei Liu, who helped create the Carbon Management 
Research Group, an industrial, academic and government consortium that has partnered to develop 
cost-effective technologies for reducing and managing carbon dioxide emissions at coal-fired 
power plants, and Mark Crocker, who – thanks to DOE-grant support – is seeking an algae-based 
platform to reuse carbon dioxide emission from power plants. Dr. Crocker’s algae work has been 
scaled from the bench to a field demonstration here in Kentucky. And he recently partnered with a 
company in China to utilize CO2 at a power plant.  
 
Finally, I want to welcome and thank our friends, colleagues and collaborators at the Department 
of Energy who helped make this Forum a reality.  It is my pleasure to welcome our distinguished 
guest and keynote speaker, Secretary Ernest Moniz of the U.S. Department of Energy. 
 
As U.S. Secretary of Energy, Dr. Moniz is tasked with implementing critical Department of Energy 
missions in support of a comprehensive energy strategy that supports the economy, enhances 
security, protects the environment, and positions the United States as a global leader and 
collaborator on these important priorities. 
 
Prior to his appointment, Dr. Moniz was the Cecil and Ida Green Professor of Physics and 
Engineering Systems at MIT where he has been a faculty member since 1973. At MIT, he helped 
lead the development of multidisciplinary technology and policy studies on the future of nuclear 
power, coal, nuclear fuel cycles, natural gas and solar energy in a low-carbon world.  
His background includes critical policy development and leadership on nuclear weapons stockpile 
stewardship, the disposition of Russian nuclear materials, the President's Council of Advisors on 
Science and Technology, the DoD’s Threat Reduction Advisory Committee, and the Blue Ribbon 
Commission on America's Nuclear Future. Dr. Moniz is a member of the Council on Foreign 
Relations and is a Fellow of the American Association for the Advancement of Science, the 
American Academy of Arts and Sciences, the Humboldt Foundation, and the American Physical 
Society. 
 
Please welcome Secretary of Energy, Dr. Ernest Moniz. 
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Secretary Moniz remarks: 
Today’s meeting is part of a larger conversation that we are having across the country around how 
low carbon energy can ensure energy security, reduce energy costs and help American companies 
remain competitive in the global economy. The 2016 Economic Report of the President notes that 
one half of the growth in productivity between 1948-2014 came from improvements in 
productivity associated with innovation. 
 
Looking at energy more specifically, the American Energy Innovation Council noted that,  
“Public investment is critical to generating the discoveries and inventions that form the basis of 
disruptive energy technologies. Private companies cannot capture the full economy-wide value of 
new knowledge and thus systematically underinvest in research and development relative to the 
benefits it produces.”  
 
Abundant, diverse and affordable domestic energy also adds to our security. Since 2008, the 
United States has reduced oil imports by nearly 60 percent, but we still import seven million 
barrels of crude oil every day. Continued investments into biofuels, electric vehicles and efficient 
transportation are critical to reduce our oil dependence and can open new transportation horizons.   
 
We also need to drive down the costs of shale oil production and expand the use of enhanced oil 
recovery (EOR) to simultaneously reduce carbon emissions from coal-fired power plants while 
increasing domestic oil recovery.  It’s a win-win for our economy and our security. 
Last year, President Barack Obama joined 19 other world leaders to launch Mission Innovation, a 
commitment to double each government’s investments in low carbon energy research and 
development over the next five years. This represents a major expansion of the global innovation 
pipeline, since Mission Innovation nations account for more than 80 percent of the world’s public 
clean energy investment. 
 
In February, President Obama released the Administration’s budget request for fiscal year 2017, 
which makes good on the U.S. Mission Innovation commitment with $7.7 billion across 12 
agencies for clean energy research and development, including $5.9 billion at the Department of 
Energy. Which puts us on pace to double funding by 2020.  
 
Doubling our RD&D funding will allow us to take advantage of a lot of opportunities currently 
being “left on the table.” A good example is the ARPA-E program, which received a 12 percent 
budget increase in the bill that just passed in the Senate. ARPA-E started in 2009 and became 
operational (awarding projects) in 2010. To date, 200 projects have been completed and have 
received $1.25 billion in private sector funding on top of federal investments. Results include 36 
companies formed and 10 commercial products. But – only 2% of proposals from last year’s open 
call were able to be funded at ARPA-E, meaning we are leaving a lot of great ideas out. 
While Mission Innovation incorporates every source of clean energy, including new advances in 
energy efficiency, renewables, energy storage and transportation, smart and resilient infrastructure, 
and cutting-edge technologies in nuclear energy, and advanced manufacturing, it will also focus on 
a range of fossil fuel technologies.   
 
Smart investment by governments will need to be matched by smart investments from the private 
sector to move technologies to the market. Mission Innovation is complemented by a significant 
private sector-led effort. Led by Bill Gates, 28 investors from 10 countries created the 
Breakthrough Energy Coalition to mobilize substantial capital to capture the fruits of Mission 
Innovation by investing with heightened risk tolerance, patience and a willingness to carry the 
most promising technologies all the way to the marketplace.  
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We need a breadth of energy solutions that will serve the varied needs and resources in different 
regions, in concert with expanded innovation ecosystems of researchers, entrepreneurs, investors 
and companies in all parts of the country. The National Research Council’s 2012 Report, Rising to 
the Challenge, articulated the rationale: “Historically, federally funded R&D has not been 
connected to state and regional industrial development. Bridging that gap can create the local 
talent and technology base needed to convert these U.S. investments into domestic companies, 
industries, and jobs.” 
 
Coal can serve as an innovation case-study. Recently, sustained low prices for natural gas, 
combined with the appeal of its lower carbon emissions, have helped natural gas challenge coal’s 
longtime dominance in electricity generation. For coal to remain competitive in this environment, 
efficient, low-cost, large-scale carbon capture technologies are needed. Within the broader DOE 
efforts tied to Mission Innovation, we have reinvigorated our efforts on carbon capture with an 
initiative we are calling Innovation CCS. 
 
Panel I: Innovation, Combustion and CCS - David Mohler, Deputy 
Assistant Secretary, Office of Fossil Energy, Moderator 
 
Dr. Jeff Phillips, Senior Program Manager, EPRI 
Supercritical CO2, Brayton Power Cycles – Potential and Challenges 

Coal power plants have become increasingly efficient over time, but efficiency has capped at 
~33% since the 1970s, while natural gas power plant efficiency continues to improve. Part of 
the problem is the conventional Rankine Cycle, which has reached temperature limits when 
using ferritic steels. DOE is funding work to address that through the use of nickel alloys. 
Another way to improve the situation is to use a Closed Brayton Cycle and use supercritical 
CO2 instead of air as a working fluid. Closing the cycle reduces heat loss and improves 
efficiency by ~5%. Even higher efficiencies could be attained by integrating coal gasification 
with a closed Brayton Cycle. To make it happen, need compact and efficient heat exchangers. 
(Net Power is developing this approach for natural gas plants). 

Dr. Kunlei Liu, Center for Applied Energy Research, University of Kentucky 
Chemical Looping and Oxy Combustion 

Both chemical looping and oxy combustion are mature technologies, but have some challenges 
that make adoption difficult. (1) Ash oxygen carrier separation is difficult, (2) slow kinetics of a 
solid fuel on solid oxygen carrier combustion, (3) affordable oxygen carrier – current cost is 
$20- 200K/ton, and (4) oxygen carrier agglomeration in the fluidized bed configuration, which is 
terrible for unit operation. Benefits for C capture include the fact that oxy combustion produces 
high purity CO2, removing the need to separate and concentrate CO2 after combustion. To make 
oxy combustion affordable, we need a carbon tax. To make chemical looping competitive, need 
the cost of oxygen carrier needs to be less than $2,000/ton as compared to $50/ton for coal. A 
500 MWe CLC requires 200 tons coal/hr @ η=35% and 1,200 Btu/lb Coal and 10,000 – 20,000 
tons of oxygen carrier in circulation. 

Kiln may work as a means to produce oxygen carrier particles with chemical looping and oxy 
combustion. The kiln is widely used in making cement and batteries. 
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Roxann Laird, Director, National Carbon Capture Center 
Advancing Capture Technologies 

Carbon capture, use and storage (CCUS) is an integrated suite of technologies that can capture 
up to 90% of the carbon dioxide emissions produced from coal fired power generation plants. 
Capture technologies separate carbon dioxide from gases produced in electricity generation by 
one of three methods: 

– Pre-combustion capture 

– Post-combustion capture 

– Oxy-fuel combustion 

Carbon capture technology is key to reducing carbon dioxide emissions from coal-fired power 
generation plants but current technology have higher capital and operating costs as well as lower 
efficiencies than conventional power plants without capture. 

National Carbon Capture Center (NCCC) is located in Alabama and is a partnership with 
Southern Company, EPRI, Luminant, American Electric Power, Cloud Peak Energy, and Duke 
Energy. It is also a part of the international test center network, a place where knowledge about 
carbon capture can be shared for everyone’s benefit. 

Post-Combustion Accomplishments: 
• PC4 operation supported 40,000 hours of technology testing 
• Over 6,000 hours under natural gas conditions 
• More than 20 developer projects completed 
• Tested enzymes, membranes, sorbents, solvents, and associated systems 
• Continued relationship with technology developers to achieve scale-ups and process 

enhancements 
• PSTU operation for more than 13,000 hours 
• Demonstrated near 100% mass and energy balance closures 
• Supported commercial developers and DOE Carbon Capture Simulation Initiative 
• Several solvents progressed to further testing at other facilities 
• Facility construction and upgrades 
• PC4 constructed in under three years 
• Plant capacity more than doubled from 12,000 to 30,000 lb/hr flue gas 
• Added systems (SSTU, air dilution, etc.) and enhanced instrumentation, sampling 

methods, and analysis systems 
 

George Koperna, VP, Advanced Resources International 
Storage and Subsurface 

Traditional storage reservoirs have high porosity or are depleted oil and gas reservoirs, which are 
not uniformally distributed across the US. Some non-traditional reservoirs are on the horizon and 
have the potential to substantially increase storage opportunities. 

From a subsurface perspective, early CCS efforts have taken advantage of decades of CO2-EOR 
experience in industry as well as natural gas storage. Existing technologies for tacking CO2 are 
from those industries and are not sufficiently rigorous for permitting and to address stakeholder 
concerns. Seismic technologies lose resolution at depth, geophysical logging protocols do not 
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identify small-scale and inter-well geologic heterogeneity, and pressure gauges require frequent 
maintenance. However, there are technologies in development that address many of these 
concerns. 

A great deal of work has gone into the geologic assessment of reservoirs for CO2 storage. 
However, most projects that have advanced are connected with the economic benefits of CO2- 
EOR. Ultimately, a portfolio approach will be required to meet long-term storage needs. In 
addition to saline and depleted O&G reservoirs, greenfield ROZs show promise, with 4 Permian 
basins counties accounting for 11 gigatonnes of potential storage resource (Australia, the Middle 
East, the North Sea, South America, and Lithuania). Co-injection of nitrogen with CO2 may 
arrest swelling in coalbed reservoirs and reduce the cost of capture. 

As long as there have been CO2 injection projects, conforming the flood has been the number 
one challenge. Many of these challenges will be relevant to storage operations as operators will 
attempt to maximize the use of the storage space and limit area of review and/or surface rights 
exposure.  Techniques include: 

1. Engineered completions, including select perforating, stacked storage reservoirs, smart 
well completions. 

2. Vertical (top-down or bottoms-up) flooding, and possibly into/from a saline leg. 

3. CO2-soluble diverting agents. 

4. Brine withdrawal and injection strategies to create space and/or “steer” the CO2 plume. 

In addition to conforming the injection project, a number of next-generation technologies are 
available for tracking the CO2 in the subsurface.  They are: 

1. S-wave seismic: UT Austin is able to migrate p-wave data into higher resolution s-wave 
data.  Still quantifying improvement. 

2. Real-time subsurface flow imaging: Seismos Technologies is using k-waves (acoustic 
generated) to monitor well-to-well flow. 

3. Distributed acoustic sensing: Deployed fiber optics have the capability to act as 
permanently deployed geophones, with 1 meter resolution. 

4. Resistivity/Gravity: E&P exploration techniques deployed to monitor the plume with 
downhole sensors 

5. Surrogate modeling: Reservoir training provides real-time tools for subsurface plume 
development. 

The next phase of monitoring innovation still draws upon mineral/hydrocarbon exploration 
technologies, However, many of the techniques and advancements are pre-commercial requiring 
significant field testing to advance. Only CO2-EOR in the U.S. has moved beyond the large pilot 
scale. The flow and dynamics of CO2 in EOR is pressure dominated, while it is buoyancy 
dominated in saline storage. As such, the pressure field, plume development, and trapping 
mechanisms within saline storage projects are very different than those exhibited in CO2-EOR. 
This necessitates a dedicated saline test site, injecting significant CO2 volumes over significant 
time frames. The single largest hurdle to saline storage technology development is the lack of 
large-scale, long-term, commercial storage site(s) that could provide access for R&D technology 
developers. 
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Q&A 
Q: How do we advance storage in KY? 

George Koperna: Use shale gas wells to inject utilize existing pipe infrastructure. Note that in 
KY, the saline reservoirs do not have great permeability and do not constitute a great resource. 
Suggested the Big Sandy gas field (in eastern KY?) as potential CO2 storage test site. 

Q: How do developers pay for testing at NCCC? 

Rosann Laird: They pay fees 

Q: Boundary Dam update 
Roxann Laird: Lessons learned document under prep. 

NCCC tested >30 technologies to date, and enzyme catalysis showed a lot of promise, especially 
to bring the cost of capture down. 

Q: CO2 + N2 co-injection – what is the recommended ratio? 

George Koperna: It depends on the coal rank (1:1 is low, 3:1 is high) 

Q: Agreement with China on sequestration, what should we do? 

A: Permeability varies across China and saline projects have not taken off in China as a result. 
China geology needs to be further characterized. 

Q: Can supercritical be a retrofit? 

A: Maybe as a combined cycle, but would need a new boiler and other new infrastructure, so its 
not a strong candidate for retrofit. Better for new plants. 

Broad comments: 

The biggest challenge for CCS is funding. Projects search for additional income streams, 
including EOR. These projects need extreme patience (there is no strength to fund longterm 
R&D right now). Utilities are very conservative with their funding and willingness to take on 
longterm projects and funding risk. On the storage side, infrastructure is vastly insufficient. 
There is also a need for public outreach and regulatory understanding. 
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Panel II: New Value Creation from Coal - Grace Bochenek, Director, 
NETL, Moderator 
Dr. Rick Honaker, University of Kentucky 
Rare Earth Elements: New Value Creation from Coal 

Rare earth elements (REEs) is a plural term because you often find several elements together in 
the same deposits. REE concentrations vary geographically, as do the prices they fetch, but the 
value of total REEs are equivalent to average gold and metal sulfide deposits. In Central 
Appalachia, maximum values come up to $156/ton, relative to northern Appalachia at $93/ton. 
REE prices are volatile. Heavy REEs have a high value and coal has a lot of heavy REES, 
especially in the residues and ash, which contain the highest value ($/tonne of feed - $20- 
172/tonne). Light REES such as neydymium, cerium, lanthanum, and ytrrium fetch $40-250/kg, 
while heavy REES such as dysprosium, terbium, and europium are $500-3500/kg. This helps 
explain the demise of Molycorp, which mined largely light REEs in a volatile market. 

REE value is typically greater than copper deposits. In one seam in eastern KY that has volcanic 
ash, there was value across the whole chain, with middlings (50% coal and 50% rock) at $16- 
90/tonne and fine reject with similar values. Fine reject REE recovery can fetch up to $80/ton 
and with additional coal recovery, up to $120/ton. Getting REEs out of coal as part the process 
can double the revenue for a mining operation. REEs in pre-combustion sources may be 
recovered by physical and ion exchange processes, in contrast to post-combustion requiring 
hydrometallurgical processes. 

Dr. Sally Greenger, Center for CO2 Utilization and Reduction, University of Illinois 
Creating a market for captured CO2 

• Global energy demand in 2040 will be 25% higher than in 2014, with oil, natural gas and 
coal accounting for nearly 80% of total energy consumption.1 

• CO2 generated by human activity last year: 35 billion metric tons 
• CO2 generated by coal-fired power plants last year: 14 billion metric tons 
• Cost of capturing and storing CO2: $50-100/ metric ton 
• Number of CCU technologies in development worldwide: >250 

Steps in building a market for captured CO2 include a combination of partnerships, technologies, 
and interest in economic development. 

• Find a Power Generator willing to host large scale pilot 
• Abbott Power Plant at University of Illinois 
• Traditionally evaluates new technologies and shares with other plants 

• Assemble a “bondable” team with a proven capture technology (Phase I) 
• Linde/BASF provides proven technology 
• Linde/BASF; Affiliated Engineers Inc. experienced in large projects 

• Obtain financing for project 
• Proposal to DOE for 25 MW large scale capture pilot 
• $75 MM; $60 MM DOE funds; $15 MM cost share 

• Construct and test a large scale pilot system at the power generator (Phase II) 
• Large scale pilot evaluations of technologies for utilization of captured CO2 (Phase III) 

• Forming Center for CO2 utilization 
• Capitalizes on 500 Tons/day of CO2 generated 

 

Example: Abbott Power Plant at the University of Illinois and Linde (1.5MWe capture plant 
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tested at the NCCC). Phase I for the project has been accepted by DOE for 15-25 MWe capture 
facility and awarded October 2015. Phase II (build and test) is a $75 million project, with $60 
million from DOE, starting in 2017. 

A Center for CO2 Utilization has the goal of bringing together university researchers and 
industry partners to examine large scale pilots to UTILIZE the captured CO2 and the center is 
currently looking for partners to test, develop, and build capacity. The center is looking for 
partners throughout the value chain, i.e. CO2 users and CO2 generators, and also looking for 
international partners willing to test large scale systems and share information. The center will 
include educational and workforce development components and is developing research thrust 
areas now. 

CO2 utilization falls into the following categories: 
• Streams with low concentrations of CO2 

• e.g. energy production from coal and natural gas combustion 
• Streams with medium concentrations of CO2 

• e.g. anaerobic processes or cement manufacture 
• Streams with high concentrations of CO2 

• e.g. breweries or fuel ethanol plants 
Uses include transportation fuel, agriculture (algae), chemicals (methanol, formic acid, 
manufacturing – cooling, solvent extraction, refiguration – replacing CFCs and HCFCs, EOR, 
and biochar – soil storage). 
 

Richard Horner, Carbon Management Center, University of Wyoming 
UW’s carbon engineering initiative: converting coal to high-value carbon products and 
chemicals 

Caveat: We are talking about new markets for coal; low-carbon technologies for Btu value (high 
efficiency, CCUS) all remain in the mix, and remain cornerstones 
Near Term (<10yrs): Grow Exports Overseas 

o Beholden to neighboring states cooperating 
o Environmental opposition - International carbon regulation/commitments and actions 
o Volatile coal prices in Asia 
o New Asian import tariffs/local free trade agreements 
o Financial sentiment for funding projects 

Medium Term (>10yrs): Develop CO2 Capture &Utilization Solutions (CCUS) 
• Present technologies not proven at scale, with the economics of retrofit constraining coal 

fired electricity generation & power industry profitability 
• Focus on EOR plus saline research (Rock Springs Uplift) 
• Wyoming Integrated Carbon Capture Test Center (ITC) 

Long Term (15 yrs +): Convert Coal into High Value Carbon-Based Products & Chemicals 
• New research required to develop the technologies that meets the demands for and the 

constraints on the full utilization of coal in a carbon-constrained world 
• Creates new jobs and investment in the State 
• Significant investment in research and technology required – University of 

Wyoming leading pursuit of Carbon Engineering 
• Attracting industry interest and investment are key 

• Use coal as source for manufacturing non-metals and chemicals 
Captures value beyond coal’s btu value 
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Turns CO2  generated during conversion into products … or does not make it in the first place 
• Coal-to-chemicals plants are being built or planned in China, Germany & India 
• Demand for carbon-based materials is rising 

• Light-weighting 
• Substitution for metals (Existing Markets) 
• New Markets for (carbon) material classes 
• Superior functional performance of carbon materials over metals 
• Rising growth in non-metallic materials & industrial chemicals > GDP 

Growth Projections 
• Maximize Yield of carbon-based intermediates & finished products 
• Product slate worth is > coal btu value 
• Full conversion of primary (PRB) coal feed 

• Include other feeds - /gas/LNG/shale oil/biomass feeds only to support this 
prerequisite 

• Maximize the liquid intermediate product yields from primary coal processing 
• Extraction & complete process use of water extracted from coal 
• Zero or minimal pure stream CO2 emissions 
• Optimal energy consumption 

• exothermic rather than endothermic processing 
• Zero effluent discharge & water consumption neutrality 

 
Petroleum and coal refineries have common product families (gasoline, diesel, naptha, aromatics, 
base oil and lubes) but there are some new carbon conversion techniques that can convert coal 
chemicals (pitch, activated carbon, carbon composites, aerogels, graphene) to petrochemicals. 

 
Value versus volune: On average 1 ton of coal contains about 21 gigajoules of energy. Assuming 
full-conversion, 1 ton of coal could make 159 gallons of gasoline. A 100,000 crude oil bbl/day 
full conversion integrated (fuel & chemicals) refinery manufactures 586,200 Giga-joules of 
product. On an equivalent basis this equates to 28,000 tons of coal /day or about 4% of 
Wyoming daily coal production from Powder River Basin or ~ 20% from Rock Springs area 
(coal is of an inferior quality). 

 
At the University of Wyoming, 2 Year Research & Technology Development Plan (Appraisal & 
Evaluation), with three activity thrusts: 

Converting Wyoming coal to intermediate liquids and solids 

• solvent systems and extraction to maximize liquid and solid product yields 
• co-processing Wyoming coal and biomass 
• super-critical coal processing 
• coal intermediate characterization 
• solid (carbide) products from coal – high temperature route 

Identifying products that can be made from coal intermediates and derivatives 
• carbon based nano /fibre/ engineered composites 
• nano-carbon nitrogen structures for thermal and electrical duties 
• amorphous diamanoids and derivative products 
• syngas and CO2 derived products 
• ‘Winterized’ Asphalt Paving 
• ‘green’ Building Materials 
• additives for fixing nitrogen in soil 

Establish commercial & techno-economic viability of coal refinery 
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• Complete stage 2 coal refinery configuration model 
• Determine the compelling business case (facility scale and scope) 
• Attract investors to want to make the coal refinery happen in Wyoming 

 
Don Stevenson, Executive Director, Gas Technology Institute 
New value creation from coal 
What changed the market for natural gas? Technology. The resource was always there (in shale 
formations), but technology was needed to unlock it at low cost. Something similar is needed for 
coal. 
Modularization is advantageous because it increases speed to market, increases plant ROI, 
improves plant construction safety performance, minimizing disruption to existing operations, 
and minimizes risk. 

 
R-G AS Advanced Coal Gasification – commercialization happening in China 

• 90% reactor size reduction enables modularization 
• Lower capital cost 
• Higher availability 
• Reduces product cost by 

15-25% 
• Reduces water use by up to 30% 
• High efficiency (99+% carbon conversion) 
• Lower oxygen use 
• Able to gasify all ranks of coal, petcoke 
• Environmentally friendly waste 
• Lower disposal costs 

 
Zero Emissions Power and Steam – has carbon capture built in 

• Captures 98% of CO2 
• Reduce capital and electricity costs by 27% 
• 14% greater efficiency than USC plants with post-combustion capture 
• 31% greater efficiency when combined with supercritical CO2 power cycle 
• Reduced turbomachinery size enables modularization and distributed power generation 

 
In summary, transformational technologies are emerging, with great hope in modularization, 
advanced gasification, oxy, and super critical CO2 power cycles 

 
Q&A 
Q: How much CO2 can be utilized? 

Sallie Greenberg: current utilization options take tiny amounts of CO2 

Q: Is REE extraction environmentally safe? 

Rick: ion exchange on the clays is an exciting technology and initial results show 40% extraction 
using ion-solvent extraction methods. 

Broad comments: 

Need a market pull to make these things happen 

Scale up is a significant challenge 
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Need diverse partnerships to move utilization forward 

Grace Bochenek – how can partnerships move forward? 

(1) Need diversity 
(2) Regional approach is effective – ex: regional carbon sequestration partnerships have 

been successful 
(3) Need tangible benefits for all the stakeholders 
(4) Partnerships are effective at bringing people together, but need a way to keep everyone 

engaged through the much of developing projects and finishing years later because the 
“valley of death” is demoralizing 

(5) Patience in investment is critical and that’s where consistent funding from government 
can play a key role, as well as pulling in international participants (10% cost share from 
DOE is not enough) 

 
 

Panel III: Technology Innovation as a Driver for Regional Energy and 
Economic Development - David Foster, Department of Energy, 
Moderator 
US is the second biggest manufacturing powerhouse in the world and manufacturing supports 
75% of private R&D, along with 90% of patents. 

Summary from the Moderator: 

The manufacturing panel, entitled Manufacturing Innovation, included panelists representing the 
Aluminum Association, the ORNL Lab Director, Chair of the Appalachian Regional 
Commission, and the CFO of the Department of Energy. The panel was facilitated by a DOE 
Senior Advisor who provided introductory remarks, citing the importance of manufacturing to 
the KY economy and the close relationship between manufacturing and sources of cheap, 
reliable energy. The panelists from the Aluminum Association and ORNL demonstrated that 
interdependence with examples of innovation in energy and manufacturing technologies that 
have reduced energy consumption in motor vehicles through development of new materials and 
alloys and technologies for multi-material welding. The Chair of ARC provided important input 
on the role of economic development agencies in the Commercialization of new 
technologies. ARC has been working for 40 years to eliminate poverty and create economic 
opportunity in Appalachia.  The direct connection between economic development and 
innovation was poignantly noted by the ARC Chair when he highlighted that one benchmark of 
success in their region was the number of interns placed at NETL and ORNL, a coveted 
steppingstone to success in Appalachia. The panel was effectively rounded out by the DOE CFO 
who provided an historical context for how regional partnerships could provide context and 
direction to Mission Innovation by harnessing local talent, resources, and identifying key local 
challenges and needs in our energy ecosystem. The panel demonstrated how each regional 
partnership needs to support the manner in which energy production and distribution are tied to 
the broader regional economy." 
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Earl Gohl, Federal Co-Chair, Appalachian Regional Commission 
Technology, innovation, and economic development in Appalachia 
Appalachia is the next great investment opportunity in the US (report “Investing in Appalachia’s 
Future, 2016-2020). The Appalachian Region’s economy has historically been dominated by a 
few industries, including mining, textiles, tobacco, and timber. Dependence on these industries 
as economic drivers and employers has left many communities, particularly those in the most 
economically distressed counties, vulnerable to economic fluctuations as their businesses face 
increasing competition, specialization, and market changes. Recently, the nation’s fast-changing 
energy mix is impacting the Region in enormous ways. Compared to 1960’s, when share of 
poverty was much higher and coal share of electricity generation was also a lot higher, things 
are better today. But poverty is largely concentrated in Appalachia in the US today. 

As is widely known, reductions in natural gas prices because of technological innovations 
(fracking) has helped lead to an increase in the energy generation from natural gas, and 
conversely, a reduction in the energy generation from coal. At the same time, renewable energy 
generation is on the upswing, especially via solar and wind, but those production levels remain 
relatively modest compared to other sources. 

Figure represents the amount and share of electricity generation by source in the U.S. from 2000 
to 2013, along with projections to 2040. Coal generation fell from 52 percent of electricity 
generation in 2000 to 39 percent in 2013 and is expected to see a further decrease in share over 
time. Natural gas, on the other hand, increased its share from 16 percent to 27 percent from 2000 
to 2013 and is likely to see even more market share in the future, with renewables (hydroelectric, 
wind, solar, etc.) on a steady growth path. These future projections from the EIA are based on 
more or less status quo conditions. Various factors could easily precipitate a more rapid decline 
in coal for electricity generation in the future. 

Coal losses have been felt acutely in Appalachia for the past 4-5 years. US economy is always 
changing. This region was salt, lumber, coal, and now some known for gas. This is not the last 
time an economic shift will happen. The question is - how do we prepare for the future? 

Energy generation from coal on downward trend starting in 2009 (recession), down to 39% with 
natural gas and renewables increasing. ARC electricity generation from coal varies greatly by 
state – over 95% in KY and WV; 69% in OH, 39% in PA, just 3% in NY. There are many 
recent/planned coal power plant retirements in Region – OH, PA, KY, WV. Coal also plays a 
huge role in rail shipments nationally (43% of tonnage), and an even larger role in Region (over 
60% of rail movements originating in WV, PA, KY, and OH are coal). Coal projected to lose 
market share in electricity generation (39% to 34%) but coal from Region expected to decline 
and shift to lower cost regions – some scenarios show major future loss. 

Another challenge is workforce development and education levels. ARC is focused on 
investment in human capital, community colleges, and supporting broadband connectivity. This 
is all with the goal of fostering entrepreneurial activity and grow industry clusters. 

These are ARC’s priorities 
-- Competitive workforce – workforce training for quality, in-demand jobs; support existing and 
new businesses in the region 
-- Access to and application of broadband communications 
-- Foster entrepreneurial activity – requires a host of supports and facilities to have a healthy 
entrepreneurial ecosystem 
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-- Grow industry clusters – both new and existing 

The Power Initiative has 4 key components: 
1. Two new refundable investment tax credits to new and retrofitted electric generating 

units (EGUs) that deploy carbon capture technology. 
2. Support for UMW Legacy costs of Health and Welfare funds 
3. RECLAIM Act provides $200 million a year from the Abandoned Mine Trust Fund for 

Economic Development 
4. Targeted investments – This is the ARC & EDA and federal response. Supporting 

economic diversification and job creation 
 

The Obama Administration’s comprehensive POWER Plan to bring federal resources and 
programs to revitalize coal communities nationwide includes $66.8 million available for 
economic diversification, workforce development and job creation in coal impacted 
communities: 

• $45 million through ARC to support implementation efforts in Appalachia 
• $1.2 million through ARC for technical assistance support in Appalachia 
• $19.6 million through the Economic Development Administration (EDA) to 

support implementation efforts nationwide 
 

Thom Mason, Director, Oak Ridge National Lab 
Advancing innovation in carbon fiber-reinforced polymer composites 

Low cost labor offshore is becoming less important because of concerns over IP, timelines for 
development to market (shorter here because of proximity to where things are being developed 
and made is helpful), designer material and instrument development at academic research hubs 
and labs, and the ability to run model simulations to in product design (labs). DOE has a central 
role to play as the global push for clean technology continues. Clean tech in the US should also 
be manufactured in the US. 

Advanced Manufacturing (EERE) IACMI regional partnership between the public and private 
sector has three areas of active research: 

1) Wind turbines 
2) Compressed gas storage 
3) Vehicles – fuel efficiency and light-weighting, with the goal of bringing the cost down 

As a model for future clean energy regional partnerships, IACMI is a 501c3 to manage research 
activity and distribute funds. 

AMIE (Additive Manufacturing Integrated Energy) is another partnership, this one focused on 
3D printing and integration with building systems. This could also include microgrid, distributed 
generation, and the incorporation of intermittence. 

 
Joe Quinn, Aluminum Association 
Aluminum impact on manufacturing 

Aluminum production has a substantial environmental footprint, high energy use, and a large 
carbon footprint, though there has been a decline over the last 20 years (26% decline in energy 
use and 37% reduction in carbon emissions). The industry is driving to continue the decline, with 
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the goal of using 92% less energy, 15% reduction in carbon emissions, all through increasing 
energy efficiency, updating computer technology, and switching to hydropower where possible. 
Aluminum use in vehicles has seen a steady increase over the last 50 years and today, we are 
using 500 lbs of aluminum per vehicle. 

There are a lot of aluminum plants in Kentucky and more are on the way. The US aluminum 
industry is a major part of today’s manufacturing economy, with 161,000 direct jobs, $12 billion 
going to support workers, and $75 billion contribution to the US economy. The goal is to grow 
jobs and wages. 

 

Joe Hezir, Office of the CEO, Department of Energy 
Models for regional clean energy innovation partnerships 

The National Research Council’s 2012 Report, Rising to the Challenge, articulated the rationale: 

“Historically, federally funded R&D has not been connected to state and regional 
industrial development. Bridging that gap can create the local talent and technology 
base needed to convert these U.S. investments into domestic companies, industries, 
and jobs.” 

“Private businesses and local education institutions and economic-development 
agencies are in the best position to identify opportunities, gauge competitive 
strengths, and mobilize wide community support for regional cluster initiatives.” 

“Regional innovation cluster initiatives should be built upon existing knowledge 
clusters and comparative strengths of a geographic region.” 

Existing regional ecosystems in New England, the Chicago region and Silicon Valley have led 
the way in creating the template for regional partnerships. 

There are models for how to set up partnerships. They can go from be federally led and funded to 
self-organized, industry led, cost shared models. Examples include DOE regional offices, 
Regional Carbon Sequestration Partnerships, RPSEA (Research Partnership to Secure Energy for 
America), NNMI (National Network of Manufacturing Institutes), and self-organized consortia. 

Regional partnerships can complement DOE programs: 

Direct leadership from non-federal stakeholders 
Non-federal stakeholders:  Key priority setters and funders (in addition to federal input, 
funds) 
Direct connection to end-user and market: Stronger connection to end-to-end activities, 
including investment, scale-up, deployment decision-makers 
Upfront pooling of funds: Longer-term portfolio engagement than project-specific cost- 
sharing 

Closer interactions at local/state/regional levels 
Greater integration of localized strengths, preferences, initiatives, leaders, institutions 
Stronger connection between innovation ecosystems, local/state policy, and regional 
investment/market opportunities 
Co-location with existing ecosystems 

More flexible funding mechanisms and processes 
Flexibility:  Expanded potential range of RD&D activities, mechanisms, criteria 
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Speed: Smaller, flatter organizations with faster decision-making, procurement processes 
Diversity of approaches 

Inherently cross-sectoral: Activities not organized/directed by fuel type/technology 
Broader scope: Multiple regions will likely select more, different focus areas and 
activities than what conventional DOE programs/platforms 

 

Q&A 
Q: How can these partnerships be self-sustaining? How can they be funding stable? 

Comment from the audience: Good idea to move decisions to regions rather than the federal 
level 

Q: Why isn’t coal being converted to other things? Why is it just electricity/power? 
 
 

Poster Session: 
 

During the lunch, student attendees presented a number of posters on energy and energy-related 
topics. The following organizations provided posters: 

- 1 from NSF-Experimental Program to Stimulate Competitive Research 
- 3 from UK CAER's Power Generation Group 
- 8 from UK's Electrical Engineering Dept 
- 1 from UK's Chemistry Dept 
- 1 from UK CAER's Biofuels Group 
- 1 from UK's Mining and Engineering Dept 
- 1 from UK CAER's Carbon Group 
- 1 from Washington University 
- 1 from West Virginia University 
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Appendix A: Program Booklet 
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About CAER 
CAER is one of the University of Kentucky’s 
multidisciplinary research centers. It is a 
non-academic unit that is staffed by professional 
scientists and engineers, has extensive interactions 
with faculty members and students, and provides 
analytical services for outside organizations. 

Regional Energy Innovation Forum 
 

April 21, 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Presented by the University of Kentucky 
Center for Applied Energy Research, 

in association with the U.S. Department of Energy 
 

Learn more: 

caer.uky.edu 
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Appendix B: Attendee List 
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First	Name	 Last	Name	 Job	Title	
Eric	 King	 Director,	Federal	Relations	
Karen	 Kelly	 District	Director	
Kunlei	 Liu	 Associate	Director	
cameron	 lippert	 principle	research	scientist	
Grace	 Bochenek	 Director	
Don	 Stevenson	 Executive	Director	
Tiffany	 Bailey	 Energy	Development	Specialist	
Heather	 Nikolic	 Principal	Research	Engineer	
Daniel	 Henderson	 Director	of	Research	&	Advanced	Engineering	
Pankaj	 Sharma	 Managing	Director	
Tamara	 Zelikova	 AAAS	Fellow	
Kipp	 Coddington	 Director	
Jeffrey	 Phillips	 Senior	Program	Manager	
Rick	 Honaker	 Professor	and	Chair	
Roxann	 Laird	 Director,	National	Carbon	Capture	Center	
David	 Link	 Manager	Research	and	Development	
Nicholas	 Jewell	 Research	Engineer	III	
George	 Koperna	 Vice	President	
Doug	 DURST	 Technology	Development	Mgr	
Mike	 Manahan	 R&D	Engineer	
Ryan	 Hines	 Engineering	Co-op	
Ben	 Kumfer	 Research	Asst.	Professor	
Thom	 Mason	 Director	
Kate	 Shanks	 Director	of	Public	Affairs	
Michael	 Kennedy	 Assistant	Director	
Bill	 Bissett	 President	
Rick	 Bender	 Executive	Advisory	
Rodney	 Andrews	 Director	
Cliff	 Eberle	 Director,	Materials	&	Processing	
Fazleena	 Badurdeen	 Associate	Professor	
Rusty	 Ashcraft	 Manager,	Government	Affairs	&	Environmental	Policy	
Jingxin	 Wang	 Professor	
Matthew	 Hall	 Co-op	Research	Assistant	
Ethan	 Witt	 Field	Representative	
Yongqi	 Lu	 Research	Chemical	Engineer	
Chad	 Harpole	 Director	of	Government	Affairs	
Jesse	 Thompson	 Scientist	
Don	 Challman	 Senior	Director	Assistant	
Teresa	 Eppeson	 Administrative	Assistant	
Alice	 Marksberry	 Webmaster	&	Conference	Planner	
David	 Foster	 Senior	Advisor	
David	 Melanson	 Assistant	Director	for	External	Affairs	and	Develo	
Don	 Colliver	 Professor	/	Director	
Larry	 Holloway	 Director,	Power	and	Energy	Inst.	(PEIK)	
Mark	 Crocker	 Associate	Director	
Christopher	 Swartz	 senior	research	scientist	
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Joanna Mroczkowska Visiting Scientist
Stephen Lipka Associate Director
Michael Wilson Senior Research Engineer / Grad Student
HONG LU Chemical/Environmental Research Engineer
Wencai Zhang Graduate Research Assistant
Xinbo Yang Graduate Student
Courtney McKelphin Student
Samantha Jones Research Assistant
Tao Chen PhD student
Xiangqing Jiao Teaching Assistant
Dan Ionel Professor and L. Stanley Pigman Chair in Power
Matt Weisenberger Associate Director for Carbon Materials
Vandana Rallabandi Post doctoral Scholar
Sallie Greenberg Associate Director ‐ Energy and Research
John Voyles Vice President, Transmission & Generation Services
Obinna Igwe Master's Student
Xiang Li Graduate Student
Xiao Liu Research Assistant
Narges Taran PhD student
Jonathan Wood President
Douglas Mynear Chief Operations Officer
Gay Dwyer Lobbyist
Donald Ryan Mgr., Product & Materials Technology
Jinhua Bao Post doctorate
Zachary Lippay Student Auditer
Dean Adams Student
Sarah Edrington Student
David Mohler Deputy Assistant Secretary for Clean Coal and Carb
Kimberly Rasar Panelist
Eben Burnham‐Snyder Deputy Director of Public Affairs
Lisa Cassis Vice President for Research
Riley Coulthard Student (collaborates with Jim Hower)
Earl Gohl Federal Co‐Chair
Joe Quinn VP of Public Affairs
Guy Land Chief of Staff
Sora Kim Assistant Professor
James Hower Senior Scientist
Clayton Whitney Vice President
Ben Corwin Videographer
Tyler White District Director
Christopher Crumrine University Relations Officer
Roe‐Hoan Yoon University Distinguished Professor
Mahong Fan Professor, Chemical and Petroleum Engineering
David Freibert Director of External Affairs
Andi Johnson VP, Public Policy and Government Relations
Lillie Ruschell Associate Producer
Alan Lytle News Director
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Jenny Wells Senior Information Specialist
Stu Johnson Reporter/Producer
Josh James Reporter/Webmaster
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Company
University of Kentucky
US Congressman Hal Rogers
CAER
University og Kentucky
National Energy Technology Laboratory
Gas Technology Institute
WV Division of Energy
University of Kentucky Center for Applied Energy Research
Caterpillar Inc.
Purdue University
DOE Fossil Energy
Carbon Management Institute, University of Wyoming
Electric Power Research Institute
University of Kentucky/Mining Engineering
Southern Company Services
LG&E and KU Energy
LG&E and KU
Advanced Resources International, Inc.
Duke Energy
LG&E and KU Energy
University of Kentucky Center for Applied Energy Research
Washington University
Oak Ridge National Laboratory
KY Chamber of Commerce
Kentucky Energy and Environment Cabinet
Kentucky Coal Association
Dept of Energy Development
University of Kentucky
The Composites Institute
University of Kentucky
Alliance Coal, LLC
West Virginia University
University of Kentucky Center for Applied Energy Research
Senator Mitch McConnell
University of Illinois
Century Aluminum
UKy‐CAER
University of Kentucky
University of Kentucky
University of Kentucky
Department of Energy
UK Center for Applied Energy Research
Univ of KY / KY Industrial Assessment Center
University of Kentucky
UK Center for Applied Energy Research
University of Kentucky Center for Applied Energy Research
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UK/CAER
CAER University of Kentucky
University of Kentucky Center for Applie
University of Illinois at Urbana‐Champaign
University of Kentucky
University of Kentucky
University of Kentucky
University of Kentucky Center for Applied Energy Research
University of Kentucky
University of Kentucky
University of Kentucky
UK Center for Applied Energy Research
University of Kentucky
Illinois State Geological Survey
LG&E and KU Energy, LLC
The University of Kentucky Department of Electrical Engineering
University of Kentucky
University of Kentucky
University of Kentucky
CoalBlue Project
ECSI, LLC
Century Aluminum
The Babcock & Wilcox Co.
University of Kentucky, Center for Applied Energy Research
Kentucky Industrial Assessment Center (KIAC)
University of Kentucky
University of Kentucky
Department of Energy
Department of Energy
Department of Energy
University of Kentucky
Yale University
Appalachian Regional Commission
Aluminum Association
Appalachian Regional Commission
Univ. of Kentucky
Univ Kentucky CAER
Smith Management Group
UK Research Communication
Congressman Andy Barr's office
UK President's Office
Virginia Tech
University of Wyoming
LG&E and KU Energy, LLC
CommerceLex
Media ‐ KET
Media ‐ WUKY



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 28-28

Media ‐ UK‐PR
Media ‐ WEKU
Media ‐ WUKY





9 University of Pittsburgh
Mission Innovation Workshop on Grid Modernization
Pittsburgh, Pennsylvania • June 24, 2016



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 29-2 Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 29-2

1 

Mission Innovation Workshop on Grid 
Modernization 

— Workshop Report — 

Hosted by the University of Pittsburgh Center for Energy 

Friday, June 24, 2016 



9-3
9-3

2 

TABLE OF CONTENTS 

I. WORKSHOP INTRODUCTION 4

II. WORKSHOP SUMMARY 4

III. WELCOME 6

IV. OPENING REMARKS 7

V. PANEL SESSION 8

Regional and National Grid Modernization Priorities

VI. KEYNOTE ADDRESS 12

Discussion Following the Keynote Address 14 

VII. MODERATED DISCUSSION SESSION #1 14

T&D Infrastructure, Distributed and Clean Energy Resource Integration

VIII. MODERATED DISCUSSION SESSION #2 18

 Integrated Energy Networks, Microgrids, Physical and Cyber Security 

IX. MODERATED DISCUSSION SESSION #3 20

Core Technologies: Energy Storage, Power Electronics, DC Power, and Others

X. CONCLUDING REMARKS 23

XI. APPENDICES 24

Workshop Agenda 24 

Speaker Bios 26 

Workshop Participants 34 



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 29-4 Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 29-4

3 
 

     University of Pittsburgh GRID Institute Press Release 37 

     Speaker Presentation: Dr. Gregory Reed, University of Pittsburgh 39 

     Speaker Presentation: Mark McGranaghan, Electric Power Research Institute 63 

     Additional Presentation: District Energy in Pittsburgh 77 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9-59-5

4 

I. Workshop Introduction

The University of Pittsburgh’s Center for Energy hosted the U.S. Department of Energy Mission 
Innovation Workshop on Grid Modernization on Friday, June 24, 2016, at the Energy Innovation 
Center in Pittsburgh’s Hill District. The workshop focused on modernizing the nation’s vast and 
complex electric power delivery system. The Pittsburgh region, similar to much of our nation, is 
confronting aging, legacy-based infrastructure and the need to integrate new technologies such 
as renewable and distributed resources, energy storage, electric vehicles, and the Internet of 
Things. Workshop topics included the interplay of grid technologies, system design, 
communication and control, integrated energy networks, system operations, regulation, and its 
influence on markets and policy. Participants discussed strategies, initiatives, and collaborations 
that will help to drive regional innovation, facilitate solutions, and advance progress toward a 
modern grid that will have national and international impact.  

II. Workshop Summary

Dr. Gerald Holder, Dean of the Swanson School of Engineering at the University of Pittsburgh, 
and Dr. Gregory Reed, Professor and Director of the University of Pittsburgh’s Center for 
Energy and the Electric Power Systems Laboratory welcomed the attendees, who included 
representatives from universities, foundations, nonprofits, utilities, vendors, industry groups, 
regulatory agencies, and local and federal government. They highlighted the University’s 
emphasis on private–public research collaborations under Chancellor Patrick Gallagher, citing 
the newly-established Energy Grid Research and Infrastructure Development (GRID) Institute 
as a recent example. The GRID Institute will leverage public and private partnerships with new 
laboratory space at the Pittsburgh Energy Innovation Center to create a comprehensive solution 
center for industry, government, and community partners, while advancing research, 
development, demonstration, and deployment of evolving grid technologies and applications.  

Grant Ervin, the City of Pittsburgh’s Chief Resiliency Officer, spoke about the City’s 
commitment to enabling 21st-century energy innovation and its focus on partnerships as a 
means to achieve this goal. Modernization of energy infrastructure is a primary focus for the 
City, as exemplified by its recent proposal for the national Smart Cities Challenge. Additionally, 
in 2015, the City and the U.S. Department of Energy’s (DOE’s) National Energy Technology 
Laboratory (NETL) signed a memorandum of understanding to pursue advanced grid 
infrastructure, based on a district energy approach.  

A panel discussion followed on Regional and National Grid Modernization Priorities, featuring 
representatives from the utility industry, the research community, and DOE. Richard Riazzi, 
President and CEO of Duquesne Light Company, discussed priorities and plans for grid 
modernization from the utility’s perspective. Mark McGranaghan, Vice President of Power 
Delivery and Utilization at the Electric Power Research Institute (EPRI), cited the need for 
private–public partnerships in grid planning and design, and outlined the industry’s top 10 
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research priorities. Dr. Alexis Abramson, Director of the Great Lakes Energy Institute (GLEI) at 
Case Western Reserve University, argued for innovative partnership models and highlighted the 
recently-formed Tri-State University Energy Alliance (TrUE). Michael Pesin, Deputy Secretary 
of DOE’s Office of Electricity Delivery and Energy Reliability (OE), discussed the major drivers 
for grid modernization from DOE’s perspective.  

In the keynote address Dr. Cynthia Powell, NETL’s Acting Deputy Director, Science & 
Technology, and Dr. Franklin (Lynn) Orr, Under Secretary for Science and Energy at DOE, 
outlined the agency’s role in discovering, developing, and deploying clean energy technologies. 
Dr. Orr highlighted the strategic context of DOE’s goals and the key priorities for the Mission 
Innovation initiative.  

A series of moderated discussions followed, where participants shared perspectives on the 
following three topics:  

 Transmission and Distribution Infrastructure, Distributed and Clean Energy Resource 
Integration 

Summary: The first moderated discussion focused on integrating advanced grid 
technologies into existing infrastructure. To help frame the issues, the session used 
Pittsburgh as a case study. Benjamin Morris, Senior Manager, Strategic Planning & 
Operations Analytics at Duquesne Light Company, kicked off the conversation with an 
overview of the utility’s current infrastructure. Grant Ervin followed with a description of the 
Mayor’s vision for the City’s energy future. The audience was invited to discuss paths to 
transition from the present to the future vision. 

 Integrated Energy Networks, Microgrids, Physical and Cyber Security 

Summary: This session focused on the role of downstream stakeholders, the risks and costs 
of grid modernization to consumers, and the question of what customers want. The 
spectrum of customers covers many types of end-users, from those who simply want to 
keep the lights on, to those with more evolved needs and preferences. Education about the 
risks and benefits of modern grid technologies and options is key to enabling end-users to 
make informed choices.  

 Core Technologies: Energy Storage, Power Electronics, DC Power, Other 

This discussion focused on core technologies to enable the transition to a modern grid. 
Storage was viewed as a breakthrough technology, because of its ability to buffer the 
intermittency of wind and solar and to help integrate renewables into the grid. Electric 
vehicles, for example, generate interest for their ability to provide both transportation and 
mobile backup power during outages. The costs, benefits, and applications of different 
battery choices were a central topic of debate. Many promising storage options exist but 
have yet to find widespread use. DC power and power electronics were mentioned as 
important technologies in the modern grid portfolio, warranting further research.  
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III. Welcome

Dr. Gerald Holder 
U.S. Steel Dean 
Swanson School of Engineering 
University of Pittsburgh 

Dr. Gerald Holder highlighted Chancellor Patrick Gallagher’s focus on increasing public-private 
partnerships at the University of Pittsburgh. The University has a substantial investment in 
energy innovation through the Swanson School of Engineering and the Center for Energy, a 
University-wide endeavor to facilitate energy-related research programs and initiatives. The 
Center leverages more than 100 faculty members across departments and disciplines to 
collaborate with industry leaders and policy makers on challenges and opportunities in the 
generation, transmission, and use of energy. The history of the Pittsburgh region was shaped by 
energy innovation, including the first oil well, the first nuclear power plant, the first petroleum 
engineering program (at the University of Pittsburgh), the coal mining industry, and the 
unconventional natural gas industry. The region is ideally suited to address the challenges of 
modernizing the nation’s electric power grid and energy infrastructure given its abundant natural 
resources, leadership in the development of clean energy technologies and energy 
infrastructure, the presence of leading global energy companies and energy research 
institutions, and engaged community and government stakeholders.  

Dr. Gregory Reed 
Professor and Director 
Center for Energy and the Electric Power Systems Lab 
University of Pittsburgh  

Dr. Gregory Reed described the Energy Grid Research and Infrastructure Development (GRID) 
Institute, a newly-established entity at the University of Pittsburgh that will leverage public and 
private partnerships with new laboratory space to create a comprehensive solution center for 
industry, industry, government, and community partners working collaboratively on research, 
development, demonstration, and deployment of evolving grid technologies and applications.  

The Institute’s operations will be based at the Energy Innovation Center (EIC), a project 
developed by Pittsburgh Gateways Corporation as a case study in green adaptive reuse, which 
also served as the site of the Mission Innovation workshop.  

The GRID Institute will focus on the challenges associated with integrating fast-growing 
distributed and renewable energy resources into existing, aging infrastructure. Its approach 
reflects Chancellor Gallagher’s strong commitment to public–private partnerships. The EIC site 
combines state-of-the-art technology labs and incubator spaces with a diverse industry, 
university, nonprofit, and community presence. The initiative includes unique and innovative 
research capabilities, such as the new high-voltage/high-capacity AC/DC power laboratory, a 

6 
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next-generation energy conversion and storage materials capabilities laboratory, advanced 
energy materials and corrosion testing facilities, and an incubator/commercialization space. The 
vision is not only to perform basic research, but also to act as a platform for demonstrating and 
deploying new technologies, markets, and approaches. As an off-campus facility, the EIC allows 
the University to collaborate more freely with industry and utility partners because of enhanced 
intellectual property protections. Initial partners include Duquesne Light, Eaton, the Electric 
Power Research Institute (EPRI), Dominion Virginia Power, FirstEnergy, Emerson, PITT-OHIO 
Express, Sargent Electric Company, Siemens, and Universal Electric Corp. Nonprofits including 
the Henry L. Hillman Foundation and the Richard King Mellon Foundation are also supporting 
the work of GRID. The Institute is coordinating closely with the City of Pittsburgh and with the 
National Energy Technology Laboratory on behalf of the U.S. Department of Energy on joint 
efforts to advance new energy technologies through an agreement aimed at designing a 21st 
century energy infrastructure for Pittsburgh. The Institute’s leadership team is also exploring 
additional public-private partnerships in the Pittsburgh region and throughout the U.S. 

The GRID Institute will also provide opportunities to partner with other universities through the 
recently formed TrUE- Alliance among the University of Pittsburgh, Carnegie Mellon University, 
Case Western Reserve University, and West Virginia University. The Institute will collaborate 
closely with the City of Pittsburgh and DOE through a memorandum of understanding aimed at 
implementing advanced energy. Dr. Reed cited the City as a true partner in innovation given the 
Mayor’s genuine understanding of “where energy fits.” 

IV. Opening Remarks

Grant Ervin 
Chief Resiliency Officer 
City of Pittsburgh 

Grant Ervin discussed the City’s role in 21st-century innovation, referencing the City’s recent 
application to the U.S. Department of Transportation’s (DOT’s) Smart City Challenge as a 
collaborative “deep think” on the topic. The resulting “Smart Pittsburgh” proposal laid out an 
ambitious plan to develop “electric avenues” pairing DC power infrastructure, solar generation, 
battery storage, and electric vehicle charging stations. These electric avenues would deploy 
some of the world’s most advanced traffic signals and street lights to help streamline traffic, 
decrease emissions, and monitor air pollution. The effort involved in creating the proposal was 
an “urban barn raising” that brought together a broad coalition of local university, industry, 
nonprofit, and foundation expertise. It highlighted powerful opportunities to impact future 
infrastructure in three highly interconnected systems: information and communications 
technologies, transportation, and energy. The City and its partners are committed to realizing 
the Smart Pittsburgh goals regardless of the outcome of the challenge.  

Understanding the interplay among communications, transportation, and energy systems, and 
how to optimize and develop them at a city-wide scale for the future, requires a high level of 
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technical understanding from policy makers. A century ago, Pittsburgh built the first drive-
through gas station in the East Liberty neighborhood. For the 21st century, the challenge is to 
combine DC architecture with solar, storage, and rechargeable vehicles in a solution that can be 
replicated worldwide. The Smart Pittsburgh initiative is one of many energy-related projects in 
which the City has an active role. It is working with university, industry, business, foundation, 
and nonprofit partners as it builds toward its goal of a 50% reduction in energy and 
transportation emissions and water use by 2030. The City’s Clean Tech initiative is looking to 
expand and strengthen sectors developing water, energy-efficient building, and renewable 
energy technologies. Under its memorandum of understanding with DOE, the City is working 
with university and utility partners to support the development of advanced energy 
infrastructure. This includes plans for a “grid of microgrids” at seven sites across the city that will 
provide a critical testbed for modern grid technologies and help accelerate the process of 
transitioning these technologies from research to commercialization. 

Mr. Ervin summarized the five roles the City can play to advance innovation: (1) as convener, 
(2) as coordinator, (3) as legislator, (4) as administrator, and (5) as investor. Partnership and
collaboration are central to its efforts, and the City’s Roadmap for Inclusive Innovation puts the
area’s most challenged communities at the forefront of implementing new opportunities. Overall,
the City’s focus is on grid modernization.

V. Panel Session

Regional and National Grid Modernization Priorities 
Dr. Gregory Reed introduced the panel, which included representatives from university, 
industry, and government sectors. He cited the new leadership at Duquesne Light Company, 
which is working to transform this local company into “one of the most forward-looking, 
progressive utilities in the country.”  

Richard Riazzi 
President and CEO 
Duquesne Light Company 

Richard Riazzi, CEO of Duquesne Light Company since 2010, discussed priorities for grid 
modernization from the utility’s perspective, and described his team’s work and plans for the 
future. Electric vehicles, microgrids, solar energy, battery storage, renewables integration, and 
overall next generation of utilities comprise Duquesne Light’s main points of focus. Citing the 
need to increase capital expenditures as existing infrastructure continues to age, the utility has 
invested approximately $1 billion in upgrades in the past five years and expects to match that 
pace in the next five years. The investments strive to increase reliability and resiliency, to move 
toward an increased two-way flow of information, and integration of renewables. 
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Mr. Riazzi cited several trends that are converging to drive change and create new uncertainties 
for utilities and the grid: 

 Changing business models and the evolving role of utilities in the energy market
 New technologies, such as microgrids and distributed energy resources
 Environmental objectives present cost and integration challenges
 Investment to address aging infrastructure and systems maintenance, as well as

implementation of new technologies
 Declining demand for electricity due to efficiency and conservation
 The need to continue to provide reliable and affordable power to consumers, especially

low-income customers.

He said that Duquesne Light has experienced flat throughput for five years as efficiency gains 
have offset growth in demand, and he expects throughput to decline by 1% per year over the 
next five years.  

Regulatory uncertainty is another significant challenge. Mr. Riazzi highlighted the importance of 
helping policy and technologies evolve at a similar pace. He cited experience with large-scale 
wind generation in the Northwest and the recent net metering debates in Nevada and Hawaii as 
examples of the need to balance policy decisions with the business realities of capital 
investment.  

To meet these numerous challenges, Duquesne Light continues to increase its operating 
efficiencies and to look to new revenue opportunities in batteries, renewables, microgrids, and 
electric vehicles. The utility is using data-driven decision making to deploy capital based on an 
“asset health model” that can predict the probability of infrastructure failures. Additionally, 
Duquesne Light is focused on grid modernization within its service area. The company is  
“investing in the future” through pilot projects such as the Woods Run microgrid and electric 
vehicle charging stations; developing the next generation of personnel, to address the issue of 
an aging workforce, which will drive 45% turnover in the next five years.  

Grid modernization priorities focus on three areas: transmission, distribution, and sustainability. 
Transmission and distribution (T&D) projects include the first ring bus around Pittsburgh; a fully 
networked downtown distribution system; a water-tight underground infrastructure, including 
transformers; conversion of the distribution system to 23kV from 4kV (to better support 
distributed energy); and full deployment of advanced metering infrastructure within the next two 
to three years, including the supporting communications infrastructure. Sustainability goals 
include renewables integration and microgrid development, energy efficiency tools for 
residential customers, and battery storage. Maintaining high standards of reliability and security 
likewise remain priorities, with significant investments in cybersecurity and resilient design.  
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Mark McGranaghan 
Vice President, Power Delivery & Utilization 
Electric Power Research Institute (EPRI) 

Mark McGranaghan provided the perspective of the EPRI on grid modernization, citing a need 
for research and collaboration in planning and design as “we go green and modernize.” He 
briefly touched on 10 core priorities:  

1. Planning methods and tools need to reflect the importance of thinking at a systems level
and designing from the ground up with new resources and technologies in mind.

2. Distribution management systems (DMSs) need to be implemented and operational.
3. Smart inverters are necessary to integrate distributed energy resources and increase

solar penetration.
4. Energy storage technology—including thermal storage—needs to be improved. While

not currently economic in all areas, it will be very important in the future, especially at the
customer level. In certain cases today, it can have unique value in meeting capacity
needs and presenting a new value stream for customers.

5. Microgrids are a developing market that will integrate all the technologies referenced
above. New York has performed 85 microgrid feasibility studies and energy provider
Exelon Corp. has mapped the Chicago area in square-mile increments, ranked by
microgrid potential.

6. Distributed Energy Resource Management Systems (DERMS) need to be developed
and integrated. There is favorable potential for collaboration because of the need for
good data analytics and the need to integrate DERMS with DMSs.

7. Customers are the “center of the universe” with regard to the industry’s future.
Customers will increasingly drive investment through what they are buying, such as
electric vehicles and energy services. An example of this is Eaton Corp.’s energy
management circuit breaker, which integrates revenue-grade metering and cloud
systems at the residential level, and which can also be used to charge electric vehicles,
and is expected to sell for $100 when commercialized in 2018. Adding cloud services to
energy management helps to increase control and aligns utilities with emerging Internet
of Things technologies.

8. Communications infrastructure will be crucial to making the modern grid work. Mr.
McGranaghan cited Chattanooga, Tennessee, as a bellwether, where fiber optic lines
are available in all homes, creating a system that is both efficient and also collects and
communicates data. Demand response and distribution management depend on such
systems and Mr. McGranaghan believes that cybersecurity risks are manageable.

9. Updating the existing grid infrastructure is critical to reliability. Technologies such as
sensors and advanced metering infrastructure allow utilities to better respond to outages
and to fix things in the right order, as with Duquesne Light’s asset health model.

10. Working collaborations on demonstration projects and pilots will help everyone come up
the learning curve faster. Mr. McGranaghan challenged utilities to experiment with new
technologies and to make their results public to collectively solve the complexities of grid
interoperability and integration.
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Dr. Alexis Abramson 
Director 
Great Lakes Energy Institute 
Case Western Reserve University 

Dr. Alexis Abramson provided perspective on the TrUE Alliance and the importance of 
university research and collaboration in grid modernization. The Alliance is a new collaboration 
which spans research initiatives across Western Pennsylvania, Ohio, and West Virginia, and is 
anchored by energy institutes at four universities: Carnegie Mellon University, University of 
Pittsburgh, Case Western Reserve University, and West Virginia University. Each of the four 
partner universities has unique technical and policy strengths, which together provide a strong 
foundation for addressing the challenges and opportunities facing our energy system. The 
alliance is currently working with government agencies, national energy laboratories, and 
industry to advance its research and development priorities, which so far encompass the electric 
power grid, energy storage, energy efficiency, energy policy, and shale gas development and 
utilization. 

Dr. Abramson highlighted the importance of pilot and demonstration projects to large-scale 
implementation of grid modernization. The university partners are already involved in projects 
with utilities and private companies to show the value of new and emerging technologies. The 
TrUE Alliance is laying the logistical groundwork to make further collaboration as easy as 
possible—for instance, by creating a 501(c)(3) structure and a common set of contracts to 
enable industry partners to collaborate with the four universities.  

The region has burgeoning opportunities in unconventional oil and gas resources that have 
profound impact on the U.S. and global economies. Dr. Abramson raised the open question of 
how these resources might fit into the region’s advanced energy portfolio and how they might 
fuel grid modernization in the tri-state region. She focused on the value of “unusual alliances” to 
spur innovation moving forward, with collaborations and incentives that work across disciplines 
and sectors, rather than pursuing business as usual. University and industry partnerships that 
harness talent, optimize resources, and work to benefit all are central to realizing that potential.  

Michael Pesin 
Deputy Assistant Secretary 
U.S. Department of Energy 
Systems Engineering Research and Development Division 
Office of Electricity Delivery and Energy Reliability 

Michael Pesin discussed major drivers for change in the electric industry today from the 
perspective of DOE. He posed a series of questions to frame the challenges of transitioning to a 
modern grid:  

 How do we integrate renewable energy?
 How do we contain disasters within the grid?
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 How does the system respond to customer demand?

To address these questions, markets, technologies, and policies all need to work together to 
support grid modernization. In contrast to the past, where the grid was designed to operate as a 
centralized system focused almost solely on affordability, a group of essential characteristics 
define the future grid from a policy standpoint: reliability, resiliency, flexibility, sustainability, 
affordability, and security. In transitioning to a modern grid, Mr. Pesin identified five major 
drivers for change that markets, policy makers, and technologies must address: (1) the change 
in the electricity supply mix and shift toward renewables; (2) growing threats to resiliency and 
reliability; (3) new market opportunities for customers; (4) information and communication 
technology development; and (5) aging infrastructure.  

As part of the Mission Innovation initiative, DOE plans to substantially increase its R&D 
spending in the next five years contingent on funding from Congress. Research areas of focus 
that support the Mission Innovation goals and address the challenges referenced above include 
energy storage systems, from both a technology and a policy standpoint; advanced distribution 
management systems (ADMSs) that provide a platform for applications in a competitive 
marketplace; synchrophasors that gather real-time data about the state of the energy network 
and enable faster response to crises or outages in the system; “transactive” energy programs 
that allow all end-user devices to participate in the energy market; transformers and advanced 
components that safeguard system resiliency; and smart meters, including initiatives to address 
data privacy risks of advanced metering technologies.  

Mr. Pesin touched on how utilities might justify various grid modernization investments on 
factors other than cost. For instance, in some markets, energy storage might offer returns for 
frequency regulation even at today’s prices, and outage-management technologies can present 
a strong business case to certain customers and utilities. Chattanooga had great success with 
deploying fiber optic ADMSs, but fiber is expensive and one size does not fit all. DOE is looking 
for pathways that every utility can afford, and it is working to make sure these systems are 
interoperable and do not become obsolete.  

VI. Keynote Address

The keynote discussion highlighted the larger vision of the Mission Innovation initiative in the 
context of DOE’s budget over the next five years. A discussion followed with audience members 
that focused on Pittsburgh’s innovation goals and capabilities and how these might support the 
Mission Innovation plan.  

12 
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Dr. Cynthia Powell 
Acting Deputy Director, Science & Technology 
National Energy Technology Laboratory (NETL) 
U.S. Department of Energy 
 
Dr. Cynthia Powell briefly discussed NETL’s mission as a DOE laboratory to discover, develop, 
and deploy clean energy solutions. She cited two regional initiatives that demonstrate NETL’s 
role and underscore Mission Innovation’s potential to spur regional partnerships that can add 
value on a local and a national level. A coalition consisting of Carnegie Mellon University, Eaton 
Corp., NASA, and North Carolina State University is investigating new materials, devices, and 
systems for power electronics that could help solve the dispatch ability of solar photovoltaics. 
The 2015 memorandum of understanding signed by Pittsburgh Mayor William Peduto and NETL 
Director Grace Bochenek seals NETL’s commitment to assist the City in its drive to become the 
clean energy city of the future. Dr. Powell introduced Dr. Orr.  

 
Dr. Franklin (Lynn) Orr 
Under Secretary of Science and Energy 
U.S. Department of Energy 
 
Dr. Lynn Orr highlighted the strategic context of DOE’s goals, asserting that economies that 
develop clean energy and deal with energy security will also provide the security that we all 
seek as a nation. The Mission Innovation agreement grew out of conversations surrounding 
COP21 and commits 20 countries, representing 75% of global carbon emissions from electricity, 
to double public investment in clean energy R&D over five years. The United States has the 
largest energy R&D budget in the world, representing about $4.5 billion of the $15 billion world 
total. DOE’s increased funding request is currently in committee in both the House and Senate, 
with $5.9 billion in the fiscal year 2017 budget aimed at increasing investments for clean energy 
research & development.  

A key component of DOE’s plan is to direct dollars toward regional groups that leverage these 
investments by harnessing stakeholders in their area to form collaborations with a regional 
focus. The agency envisions as many as 10 regional innovation hubs around the country to 
bring together existing knowledge clusters and capabilities to leverage regional economic 
assets at universities, federal laboratories, and private industries, as well as funding from local, 
state, and federal governments. The idea is to create regional nonprofit entities that do not do 
research themselves or involve bricks and mortar, but perform planning and funding tasks for 
the partners, such as creating a research agenda and administering R&D contracts and grants. 
This regional portfolio approach acknowledges that different settings have different advantages 
and constraints, and can thus generate different solutions. 

Dr. Orr concluded by posing the following questions to the assembled workshop attendees:  

1. What are the key energy innovation priorities for the Pittsburgh region? 
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2. How would regional stakeholders work together to advance innovation? 
3. How can the region build on DOE programs and business models? 

Discussion Following the Keynote Address 
Q: Grant Ervin from the City of Pittsburgh: What are the key attributes of a highly functioning 
regional partnership?  

A: Dr. Orr stressed that he did not want to be “too prescriptive” and challenged the group to 
think creatively about what the partnerships would look like. He commented that a successful 
partnership would include top-quality university research; state-level institutional support; a 
certainty of engaging with industry in the region, both large and small companies; and a 
mechanism to promote start-ups. The partnerships should develop creatively to address each 
region’s needs. 

Q: Mark McGranaghan of EPRI: Would DOE support sharing Mission Innovation work and 
findings among the 20 international partners?  

A: Dr. Orr said there will not be a central planning group, but there will be some mechanism for 
bilateral sharing of information when that makes sense. He gave the example of Saudi Arabia, 
which has shown interest in low-carbon advanced cooling technologies, and of the bilateral 
agreement between the United States and China that already includes shared research funding. 
However, he also noted that the whole exercise is built on nations and regions maintaining 
control over their own initiatives. 

VII. Moderated Discussion Session #1 

T&D Infrastructure, Distributed and Clean Energy Resource 
Integration 

 
Summary: The first moderated discussion focused on integrating advanced grid technologies 
with existing, legacy-based infrastructure. To help frame the issues, the session used Pittsburgh 
as a case study. Benjamin Morris kicked off the conversation with an overview of the current 
Duquesne Light infrastructure. Grant Ervin followed with a description of the Mayor’s vision for 
the City’s energy future. The audience was invited to discuss pathways to transition from the 
present to the future vision. 

Moderator: Benjamin Morris 
Senior Manager, Strategic Planning & Operations Analytics 
Duquesne Light Company 
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Benjamin Morris explained that under deregulation, Duquesne Light has been a transmission-
and-distribution only company, with no electricity generating capacity since 1997. Even so, the 
Pittsburgh business model still very much depends on centralized power plants located within 
Duquesne Light’s service territory. These include the Beaver Valley nuclear power station, 
which supplies approximately 60% of customer demand within the service area; the coal-fired 
Cheswick power plant (second largest source); and a natural gas “peaker” plant owned by NRG 
Energy on Brunot Island near downtown Pittsburgh. Only 350 of the utility’s customers—or 
0.06%—employ net metering, a system in which solar panels or other renewable energy 
generators are connected to a public-utility power grid and surplus power is transferred onto the 
grid, allowing customers to offset the cost of power drawn from the utility. There are no utility-
scale renewables in the system and participation comes primarily from households with 
residential solar. 

Grant Ervin recapped the City’s many energy-related initiatives and cited last year’s “People, 
Place, Planet and Performance” (P4) Conference as a turning point in the local conversation 
about sustainable growth and development. The meeting focused on transitional 
neighborhoods, such as the Lower Hill District and the Almono site in Hazelwood (a 180-acre 
brownfield site), and helped catalyze opportunities to introduce modern grid concepts to legacy 
heating and cooling systems at the district energy level. The City’s memorandum of 
understanding with DOE, along with other efforts, such as the 100 Resilient Cities initiative and 
the regional energy analysis provided by the Power of 32, furthered plans to introduce new 
distributed energy resources and microgrids locally. In parallel, the City is completing its third 
generation greenhouse gas inventory and developing its third climate action plan, with goals 
that include 50% reductions in energy and transportation emissions by 2030. These and other 
initiatives have enabled the City to think strategically about integrating future energy 
considerations into its development processes and policy goals.  

About 130 megawatts of potential renewable energy generation are in the pipeline, provided by 
hydropower and the installation of solar panels on parking garages. From an economic 
development standpoint, research conducted by the Heinz Endowments and Carnegie Mellon 
University showed the clean tech sector to be one of the fastest growing industrial clusters in 
Pittsburgh, with a 22% annual growth rate over the past five years.  

Comment: John Swanson noted that the city’s electric supply is already very green, because 
60-70% of it comes from nuclear. To achieve its emissions goals, the city needs to generate 
more electricity by, for example, electrifying transportation, heating, and cooling. Pittsburgh is an 
interesting case study for the future of nuclear energy, because if or when the Beaver Valley 
Nuclear Generating Station is shut down, it is considered unlikely that another nuclear facility 
would be built in the area to replace it.  

Comment: Michael Pesin advised Pittsburgh to take the six characteristics of the future grid 
and determine the roadmap to reach each one of these goals, looking at the system not as a 
collection of individual projects, but as an ecosystem portfolio. For example, Duquesne Light 
has an excellent approach to resiliency and reliability, but if it decides to invest in utility-scale 
renewables, it will need to address the intermittency issue. Solutions might include energy 
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storage, demand response, or new solutions like market signals. There are applications such as 
conservation voltage reduction, a system that reduces customer end voltage and can achieve 
close to 1 to 1 savings. This is one application that can be deployed system-wide on the ADMS. 
Communication infrastructure is critical for the long term, but because the technologies are 
evolving so fast, utilities risk locking themselves into investments that then end up becoming 
obsolete.  

Q: Joseph Belechak said that 20 or 25 years ago when energy efficiency began to be 
preached and then practiced, policy and technology were out of sync. Policy typically proceeded 
ahead of technology, pushing for energy efficiency when the technologies to achieve it were 
underdeveloped. As we now move forward with new technologies, how do we make sure that 
policy and technology run in parallel to ensure that we achieve traction? 

A: Benjamin Morris said Duquesne Light’s approach is to advance technology in baby steps, 
such as by using pilots. For example, in Pennsylvania, regulations are not sufficiently developed 
to allow microgrids to be implemented on a broad scale. Because of that, the company chose to 
implement a microgrid on its own property. This was an intentional decision to allow the 
company to learn about the technology and figure out the answers to regulatory or policy-related 
questions. Once it has the data, which is where The University of Pittsburgh is helping, it can go 
to the regulators and legislators with results that can be acted on from a policy perspective.  

A: Richard Riazzi agreed that using pilot projects is important—as are meetings such as this 
Mission Innovation workshop that allow broad stakeholder input and healthy give and take. 
Using his past experience as a CEO of a hydroelectric utility in the Northwest, he identified 
some of the risks and suboptimal outcomes that can occur when policy moves ahead of data 
analysis and what is realistic from a cost standpoint for utilities. A key takeaway from past 
experience is the need to conduct pilot programs, to walk before you run, and to ensure an 
environment in which healthy debate can take place, with everyone at the table focusing on 
well-informed, data-driven solutions.  

Q: Joseph Belechak noted past failures of start-ups equipped with strong technology 
capabilities that simply could not get to scale before they ran out of operating cash. He asked 
the panelists how this could be addressed in a prudent way, so that promising solutions can 
scale faster. 

Benjamin Morris agreed that Mr. Belechak had identified a relevant challenge that must be 
addressed by multiple parties.  

Darren Gill, Deputy Director of the Bureau of Technical Utility Services at the Pennsylvania 
Public Utility Commission, noted that there are two tracks for grid modernization: engineering 
and policy. Policy should move at a pace that is slightly ahead of the engineering, largely so that 
engineers know what to design for. The existing system is built to function at full capacity rather 
than taking advantage of distributed generation, thus demonstrating the need for policy to 
outpace engineering, if only by a small margin, lest we engineer for the wrong outcome.  
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Q: Dr. Deborah Stein, Associate Director for Policy Outreach for the Scott Institute for Energy 
Innovation at Carnegie Mellon University, offered that efficiency seemed to be missing from the 
conversation. She pointed out that, in this region, many small and medium-sized manufacturers 
could benefit from efficiency, but may lack the capital investment. The result is that even if they 
know how to implement efficiency measures, they often experience constraints that prevent 
them from doing so. She suggested that if Duquesne Light were to offer assistance, the utility 
would suffer from reduced demand and asked whether Duquesne Light does in fact work with 
these companies. 

A: Benjamin Morris responded that while Duquesne Light does not currently have a solution to 
offer, he agreed that it merited further thought.  

Aurora Sharrard, Executive Director and Vice President of Innovation for the Green Building 
Alliance, added that the subject of financing was also missing from the discussion. She raised 
the possibility of a regional or a state “green bank” that could make infrastructure investments 
happen at scale. She pointed out that similar institutions exist in other states, sometimes called 
infrastructure banks, and that their focus is not limited to energy efficiency. 

Q: Another audience member noted Duquesne Light’s small number of net metering 
customers and asked whether the utility was looking to increase those numbers as a way to 
scale its investments in hardware, upgrades, and maintenance. 

A: Richard Riazzi said that Duquesne Light’s system was built to serve the steel industry, 
which means that today there is a significant extra capacity available. Its utilization rate is 
currently approximately 50%. Peak demand occurs in the summer, so the utility needs to build 
load in the winter, which could be addressed with more electric heating. However, rooftop solar 
actually makes the problem worse, which is an issue Duquesne Light still has to work through. 
Utility-scale solar, by contrast, would flow through the system and not impact the company’s 
throughput.  

Q: An audience member asked at what level of distributed generation Duquesne Light needs 
to be concerned about and inquired about the intended business model. As a solar installer, he 
wondered whether he should be ready to have a net zero export inverter as part of the solar 
systems he provides today or whether existing systems would be grandfathered into the 
Duquesne Light system as part of net metering.  

Q: Another audience member asked whether Duquesne Light is considering leasing 
production capability on rooftops. Given that current regulations prevent Duquesne Light from 
being a generator, regardless of whether it would be beneficial to have local distributed 
generation, the utility cannot provide it. This prompted the audience member to ask whether, if 
Duquesne Light financed customer solar installation, this would be an extension of Duquesne 
Light’s production capability? 

A: Richard Riazzi responded by noting that some of the pilot programs are designed to 
address these and other related questions, citing the microgrid at the Woods Run facility, which 
allows Duquesne Light to avoid regulatory issues. Thinking about it from a business 
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perspective, it seems that large, ground-based solar facilities that can track the sun would be 
more efficient than stationary rooftop solar systems and would allow Duquesne Light to transmit 
that power through the system. This would still be distributed across Duquesne Light’s system.  

Mark McGranahan said that there is no question that energy efficiency is the low hanging fruit 
for affordability and sustainability, while electrification is the simplest solution when addressing 
carbon emissions. He suggested that creating policies to convert the transportation and thermal 
sectors could make sense here, especially given Pittsburgh’s 70% reliance on zero-emitting 
nuclear.  

VIII. Moderated Discussion Session #2 

Integrated Energy Networks, Microgrids, Physical and Cyber 
Security 

 
Summary: The following session focused on the role of downstream stakeholders, the risks and 
costs of grid modernization to consumers, and the question of what customers want. The 
spectrum of customers covers many types of end-users. While most people may just want to 
keep the lights on, other consumers have distinct needs and preferences. Education about the 
risks and benefits of modern grid technologies and options is key to enabling end-users to make 
informed choices.  

Moderator: Dr. Aimee Curtright 
Senior Physical Scientist 
RAND Corporation  
 
Dr. Aimee Curtright framed the session in terms of the impact of grid modernization on 
customers, and vice versa. She asked the audience to reflect on the role of downstream 
stakeholders (people who are not making the technologies, but are driving the demand for 
them) in innovation and technology adoption. Among examples, she cited electricity consumers 
and “prosumers”—those who want solar panels and storage of their own, but still want to stay 
connected with the existing grid (although perhaps not pay for it). External actors who figure in 
this scenario range from hackers and squirrels to Mother Nature and other potential disruptors 
of the grid’s physical and cyber security. Do the power industry and its policy makers have a 
very good understanding of what consumers want in this new model, especially prosumers? 
Absent an understanding of what consumers want, these players risk developing technology 
that consumers either cannot or do not want to adopt—or that they adopt and then do not like. 
They risk falling into the trap of thinking that the usefulness and desirability of new technologies 
are self-evident, when most consumers probably just want to flip the light switch on and have it 
work.  
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Cutting-edge technologies for the grid also come with new risks, which need to be addressed. A 
recent article by a data science professor from Princeton said that the term “smart” has become 
essentially synonymous with “probably horribly insecure.” Dr. Curtright asked the room:  

 How should these concerns be addressed?  
 How can the process of grid modernization incorporate the human element—the 

downstream stakeholders who are acting on their own, unlike a centralized utility?  
 What are the tradeoffs of the technologies that are being developed?  
 What is the balance between what consumers want and the security that they demand 

and need?  

A: An audience member commented that when the Internet was created, most people did not 
even call it the Internet. People did not know that there was going to be Facebook, Google, etc., 
but they welcomed these innovations as improvements in their lives. The focus of grid 
modernization should be on power as easy to use, as abundant in supply, and as clean and 
affordable and reliable as possible. He disputed the notion that smart equals insecure, citing 
Y2K. As a centralized system, the existing grid is more vulnerable to cyberattack than a 
distributed modern grid would likely be. If “smartness” is combined with distribution resources 
and storage, the system will be more secure, because consumers can island themselves. From 
an engineering and efficiency standpoint, DC power makes much more sense than the existing 
AC system, largely because all of our electronics are better suited to it. At some point, the issue 
of DC power for consumers will need to be addressed, which would be a positive outcome.  

A: Another Audience member observed that that no one will make shiny gadgets if there is 
not an abundant electricity supply. As with computing, there needs to be abundant memory, 
data, microprocessors, and so on, before much can be done. The current centralized production 
model is not equipped to handle demand growth. That is not to say that utilities do not have a 
future—they have a huge role, just as the “cloud” purveyors in the data systems do. Utilities will 
be the cloud operators that help facilitate the future uses of electricity.  

A: Michael Pesin observed that there is no such thing as a typical consumer. Everyone wants 
different things. Many consumers do, indeed, just want the lights to come on when they flip the 
switch or focus on the size of their electric bill. For them, the best technology is the technology 
that they do not know is there—and studies show the less intrusive the technology, the more 
successful it is. However, other consumers like to play with technology and focus on ways to do 
right by the environment. There are technologies available that enable these different customer 
choices. There is a way to actually show customers where their energy comes from, which can 
be done by segregating the physical transaction from the financial transaction. 

Aimee Curtright argued that those who create the new technologies might be considered to be 
“energy nerds” and that they might constitute a minority among consumers, many of whom only 
require reliability and affordability.  

Q: Michael Pesin asked how we ensure that people who want the technology get it without 
increasing prices for the rest of the customers. 
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A: Michele Somerday from First Energy Corp. commented that most customers just want 
reliable power and that the existing grid is 99.999% reliable. But we also have to consider the 
continuum of requirements that range across a broad spectrum of customers and the ways in 
which a utility will look to accommodate everyone. That is where education comes in. People 
need to better understand the potential tradeoffs of grid modernization and the associated costs, 
because it is not free. We need to surface costs and benefits. It is the job of utilities, policy 
makers, and those developing the technology to educate consumers, so when they are deciding 
what they want, they are making informed decisions.  

Another audience member said that reliability statistics are not especially comforting. Low 
probability events like cyber terrorism, electromagnetic pulses, and natural disasters are 100% 
real when they happen. This is important as we rely more on electronic devices over time.  

Q: Aimee Curtright raised the question of how much consumers will be willing to pay for their 
everyday electricity in order to mitigate relatively invisible and abstract risks, such as big 
outages, which are still pretty rare.  

A: James Fields from Pitt Ohio, a local freight company, said the company is an early adopter 
of advance technologies such as microgrids, and worked closely with the University of 
Pittsburgh’s Center for Energy to develop integrated, sustainable energy from wind and solar 
power. While it gets reliable electric supply from utilities at its 21 facilities throughout the Mid-
Atlantic states, the company handles a lot of emergency products that people would need if the 
power went out. Electricity is interwoven in everything it does, and when the power goes out, it 
inevitably seems to be at the most inopportune times—the busiest and costliest times of the 
day. It is worth it to hedge the business interruption risk by being an early adopter of distributed 
energy resources and microgrids. Pitt Ohio sees long-term opportunities for these technologies 
that outpace even the current benefits.  

Michael Pesin said that the utilities’ role in technology innovation depends on their business 
models. If they are not equipped to serve these new devices when something goes wrong, it is 
something to consider before jumping in. Sometimes these investments do not pay for 
themselves. 

IX. Moderated Discussion Session #3 

Core Technologies: Energy Storage, Power Electronics, DC 
Power, and Others 

Summary: The third discussion focused on core technologies to enable the transition to a 
modern grid. Storage was viewed as a breakthrough technology, because of its ability to buffer 
the intermittency of wind and solar and help integrate renewables into the grid. Electric vehicles 
generated interest for their ability to provide both transportation and mobile backup power 
during outages. The costs, benefits, and applications of different battery choices were a central 
topic of debate. Many promising storage options exist, but have yet to find widespread use. DC 
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power and power electronics were mentioned as important, if often underappreciated, 
technologies in the modern grid portfolio, and both were seen as warranting further research.  

 
Moderator: Thomas Feeley  
Local and Regional Partnership Manager 
National Energy Technology Laboratory 
  
Thomas Feeley framed the discussion from a Pittsburgh perspective. The City is looking to 
build advanced, modern grid infrastructure to encompass distributed energy—a “grid of 
microgrids.” Some of the questions that arise include if the City wants to promote renewables, 
how quickly can it make that transition? What is the role of natural gas, and how can that 
resource potentially help the city transition to a system based on renewables? What renewable 
technologies are ready to be implemented in the city? How do these technologies uphold the six 
characteristics of a modern grid: reliability, resiliency, security, flexibility, affordability, and 
sustainability?  

Q: Adam Rossi of Adam Solar Resources commented he thinks the electric vehicle market is 
taking off and that energy storage should be focused there. Instead of having a stationary 
battery bank, there could be a mobile battery bank that could be dispatched where it is needed. 
Even for a home-based system, the price per kilowatt hour for a lithium battery pack is about 
$200-$300 per kilowatt hour and only going down. No one wants a car with a 100-mile range 
anymore and electric vehicles should be considered for microgrid and storage applications.  

Q: Greg Reed asked how $200-$300 compares to the price of batteries a couple of years ago—
or where solar prices currently sit? He quoted John Swanson as saying the Holy Grail for 
batteries will be $100 per kilowatt hour, which compares to recent pricing of $500-$1,000 per 
kilowatt hour. There is a storage technology in Japan that can plug into a fast-charging port that 
provides enough energy to run a house or a small business. Unlike stationary batteries that 
might sit stagnant until there is a problem with the grid, electric vehicle batteries let people drive 
their cars around throughout the day and still have a battery backup for a grid-down scenario. 
When the power is out, the car, which is easily mobile, can be moved to a generation source to 
recharge, and then moved back again to where the outage is.  

A: Michael Pesin said storage is a complex question from a government perspective. 
Transportation batteries are different from grid batteries, requiring more power density. Citing 
prices for energy storage can be misleading, because when talking about grid batteries there 
are more components than just the battery (think inverters, for example). It is better to compare 
the levelized cost of electricity, which takes into account more than just the battery. People who 
want green energy need to have a buffer to deal with the intermittency of renewables, and they 
can do that with storage. 

Q: An audience member asked about other types of storage technology, such as inertial 
energy storage, compressed air, or other options. 
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A: Michael Pesin said that electrochemical storage is only one way to store energy. It has 
gained great momentum because of advances in its use for transportation. There have been 
attempts to use flywheels and supercapacitors, but they did not work well. Lithium ion batteries 
seem to work best right now and also enjoy economies of scale, which are driving prices down, 
though he acknowledged that they are still expensive. Pump hydro is a great technology but it, 
too, is expensive. DOE has had great success with flow batteries, which unlike other batteries 
have the advantage of separating the energy from the power. DOE is also looking into 
compressed air storage, liquid air storage, and hydrogen. Some automotive companies actually 
think hydrogen is more promising that electric vehicles with battery storage. The advantage is 
that hydrogen can be used both as energy storage and fuel. Toyota and Honda have developed 
some hydrogen vehicles. Flywheel technology shows promise, despite the recent bankruptcy of 
one company involved in this. On the chemical storage side, the traditional lead acid battery is 
cheap but does not last long. Each one has costs and benefits that must be compared. 

Q: Greg Reed talked about the ways in which the technology shift to batteries and DC power 
will enable progress toward cleaner energy future with more renewables and then questioned 
the role of natural gas. He observed that natural gas is an important baseload fuel and 
presumed that most people in the room would agree it has a role in the region’s energy future, 
whether or not it is as a transition fuel. But outside of Duquesne Light’s 70% nuclear service 
area, the picture is very different. The Power of 32’s analysis of the energy flows in 32 counties 
in Ohio, West Virginia, Maryland, and Pennsylvania showed coal and gas still dominate the 
region. When thinking about enabling technologies, including storage, think about the 
integration of all of those resources. This also highlights the role of power electronics. A few 
years ago, DOE estimated that 30% of all electricity passes through an inverter, but by 2030 
that number is projected to be 80%. Not many programs focus on power electronics 
development though they should.  

John Swanson pointed out that if utilities make large solar fields, these can provide great 
stabilization for the grid. Solar fields can be turned on and off as fast as batteries can be turned 
on and off. Utilities might invest in solar fields as another way to control the grid, especially 
during the day time. If solar fields are distributed, clouds are not a big issue. 

Michael Pesin agreed that solar fields can be controlled very precisely, but to fully utilize them, 
they need to have support, which is where batteries come in handy. Mr. Pesin commented that 
he completely agrees with Dr. Reed’s assessment of the importance to have larger 
investments in this area and said that this is reflected in the budget request to Congress. The 
agency has a number of successful research programs in this area, and it is extremely important. 
The agency also wants to focus on power electronics and DC. There is a concept called 
MAGIC box, which in the future could give every home DC/AC supply, which is an optimal 
scenario. 

An audience member commented that some data centers now have a concept for solar-
powered data centers called “clouds for clouds.” They can move their workload to the place 
where the real clouds are not, to avoid intermittency issues.  

22 
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X. Concluding Remarks

Dr. Reed concluded by thanking all presenters for their contributions, and the audience 
members for participating in the discussions. 

This Grid Modernization Workshop demonstrated that the Mid-Atlantic Region is well-suited as 
a hub for clean energy research and development in the area of grid modernization. Relevant 
work is already underway in the greater Pittsburgh area, as exemplified by the TrUE Alliance, 
the memorandum of understanding between DOE and the City, the establishment of the new 
Pitt Energy GRID Institute, and the development of the EIC as a center for collaboration 
between industry, government, academia, and the public sector. 

Over the past four decades, our region, once known as the Rust Belt, successfully transitioned 
from a highly industrial economy to a highly diverse economy based on technology, energy, 
education, health care, and medical research. The transition of the Mid-Atlantic economy has 
and continues to evolve against the backdrop of a legacy grid infrastructure. Continued 
efficiency, innovation, and growth require equivalent modernization of our legacy grid. 

The region presents an opportunity to showcase modern grid technologies, leveraging local and 
existing assets. Within the Mid-Atlantic alone, clusters of research universities have come 
together to work on energy specific topics, major utility companies are testing innovative 
approaches to grid development, and industry partners are investing in the region.  

The stewards of our current grid infrastructure, which was designed and built to support a 
machine-age economy, now have the opportunity and obligation to become part of an integrated 
technological future. The organizations, assets, facilities, ideas, and talent represented in the 
room today have the potential to come together as a DOE Mission Innovation Hub and advance 
the grid’s future evolution. 

23 



9-259-25

24 

XI. Appendices

Workshop Agenda 

U.S. Department of Energy – Mission Innovation Workshop on Grid 
Modernization 

Host:  The University of Pittsburgh, Center for Energy Date:  Friday June 24, 2016 

The Energy Innovation Center* – Pittsburgh, PA 

10:00 AM Registration and Networking 

11:00 AM Welcome:  University of Pittsburgh 

Dr. Gerald Holder – U.S. Steel Dean, Swanson School of Engineering

Dr. Gregory Reed – Professor and Director, Center for Energy and Electric 
Power Lab  

11:15 AM Opening Remarks:  

Grant Ervin –  Chief Resiliency Officer 
City of Pittsburgh, Office of the Mayor 

11:40 AM Panel Session:  “Regional and National Grid Modernization Priorities” 

Richard Riazzi – President and CEO 
Duquesne Light Co. 

Mark McGranaghan –  Vice President, Power Delivery and Utilization 
Electric Power Research Institute (EPRI) 

Alexis Abramson – Director, Great Lakes Energy Institute 
Case Western Reserve University 

Michael Pesin – Deputy Assistant Secretary  
Office of Electricity Delivery & Energy Reliability., U.S. Dept. 
of Energy  

1:00 PM Lunch 

1:30 PM Luncheon Keynote Address: 

Dr. Cynthia Powell –  Acting Deputy Director, Science & Technology 
National Energy Technology Laboratory, U.S. 
Department of Energy 
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Dr. Franklin (Lynn) Orr –  Under Secretary for Science and Energy 
U.S. Department of Energy 

 
 
2:00 PM  Moderated Discussion – Subtopic 1 

“T&D Infrastructure, Distributed and Clean Energy Resource Integration” 

   Moderator:    

Benjamin Morris –  Senior Manager, Strategic Planning & Operational 
Analytics 
Duquesne Light Company 

 
2:35 PM  Moderated Discussion – Subtopic 2 

“Integrated Energy Networks, Microgrids, Physical and Cyber Security” 

   Moderator:   

Aimee Curtright –  Senior Physical Scientist 
RAND Corporation 

 
3:10 PM   Moderated Discussion – Subtopic 3 

“Core Technologies: Energy Storage, Power Electronics, DC, other” 

   Moderator:    

Thomas Feeley –  Local and Regional Partnerships Manager  
National Energy Technology Laboratory  

 
 
Discussion Session Rapporteurs: 

Barbara Granito –  Strategic Director, Science & Engineering Ambassadors 
Program 
National Academy of Sciences and National Academy of 
Engineering  

Ann Merchant –  Deputy Executive Director, Office of Communications 
National Academies of Science, Engineering, and 
Medicine 

 
 
3:45 PM  Wrap-Up, Next Steps, and Closing Remarks 
 
    
4:00 PM  Dessert and Coffee Reception 

 
 
Optional:  Tours of EIC facility and current construction  

of the Pitt Center for Energy / Energy GRID Institute space 
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Speaker Bios 

Welcome: University of Pittsburgh 

Dr. Gerald D. Holder is U.S. Steel Dean of Engineering and Professor of 
Chemical Engineering at the Swanson School of Engineering at the 
University of Pittsburgh. He received his BA from Kalamazoo College and 
his BSE, MSE and PhD in Chemical Engineering from the University of 
Michigan. He has served on the faculties of Columbia University and 
subsequently the University of Pittsburgh. He has been Dean of the 
Swanson School since 1996 and has led a period of substantial growth in 
enrollment, student quality, and faculty research. Dr. Holder was 
employed at corporations including Exxon, Gulf Oil and General Motors. 

Dr. Holder is a member of the American Society for Engineering Education (ASEE), the 
American Institute of Chemical Engineers (AIChE), the Society of Petroleum Engineering 
(SPE), the American Association for the Advancement of Science (AAAS), and the American 
Chemical Society (ACS), and also a Fellow of AAAS and AIChE.  He is a 2008 William Metcalf 
Awardee for lifetime contributions to the engineering profession and received the Board of 
Visitors Faculty Award and Meritorious Achievement in Research Award from the University of 
Pittsburgh.  

He currently serves on the ASEE EDC Executive Board, and the ASEE EDC Public Policy 
Committee.  He has served as a board member on the Catalyst Connection, Oak Ridge 
Associated Universities (ORAU), Three Rivers Connect, the Pittsburgh Applied Research 
Corporation, Council for Chemical Research, and currently serves on the Advisory Board of the 
Pittsburgh Coal Conference.  He has served on the National Academy of Science Review Panel 
on NSF Fellowships in Engineering, and as Chairman of the Organizing Committee for the 3rd 
International Conference on Gas Hydrates in Salt Lake City, Utah.  He is the author of more than 
100 journal articles and has raised over $10 million in support of his research in the areas of 
high-pressure thermodynamics and phase behavior, and in various aspects of energy research 
including synthetic fuels and natural gas hydrates. 

Dr. Gregory Reed is the Director of the University of Pittsburgh’s Center 
for Energy, Director of the Electric Power Systems Laboratory in the 
Swanson School of Engineering at Pitt, and Professor of Electric Power 
Engineering in the Swanson School’s Electrical & Computer Engineering 
Department. He is also the Director of the Grid Technologies Collaborative 
for the U.S. Department of Energy; and an inaugural member of the National 
Academies of Science and Engineering’s Energy Ambassador Program. In 
addition to these roles, he is the owner and principal consultant of Power 
Grid Technology Consulting, LLC, and currently serves as Chief Science 
Advisor on the Board of Directors for the E-Merge DC Alliance. 

 
His research interests, teaching activities, and related pursuits include advanced electric power 
grid and energy generation, transmission, and distribution system technologies; power 
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electronics and control technologies (FACTS, HVDC, and MVDC systems); micro-grids and DC 
infrastructure development, renewable energy systems and integration; smart grid technologies 
and applications; and energy storage. 

Reed has 30 years of combined industry and academic experience in the electric power and 
energy sector, including positions in engineering, research & development, and executive 
management throughout his career with the Consolidated Edison Co. of New York, ABB Inc., 
Mitsubishi Electric Corp., and DNV-KEMA.   

He has authored or co-authored more than 80 published papers and technical articles in the areas 
of electric power system analysis, the applications of advanced power systems and power 
electronics technologies, and power engineering education.  Reed has well over 100 media 
citations, credits and appearances – including regional and national print, radio, and television – 
on various topics related to energy and the power grid. He is also the recipient of several 
industry, academia, community, and professional society awards.  

He is an active member of the Institute of Electrical & Electronic Engineers (IEEE), including 
the IEEE Power & Energy Society (PES), Power Electronics Society (PELS), and Industrial 
Applications Society (IAS); and is a member of the American Society of Engineering Education 
(ASEE).  Past IEEE positions include governing board member of the Power & Energy Society, 
as well as the president of the IEEE PES Pittsburgh chapter. He is also the founder and chair of 
the annual Pitt Electric Power Industry Conference (EPIC), established in 2006; and co-
founder/co-chair of the DOE Grid Technologies Collaborative National Conference, established 
in 2013.   

Reed earned his Ph.D. in electric power engineering from the University of Pittsburgh (1997); 
his M.Eng.in electric power from Rensselaer Polytechnic Institute (1986), and his B.S.E.E. with 
electric power concentration from Gannon University (1985). 

Opening Remarks: 

Grant Ervin serves as the Chief Resiliency Officer for the City of Pittsburgh. 
Before joining the City of Pittsburgh, Grant served as the Regional Director for 
10,000 Friends of Pennsylvania, a statewide smart growth and sustainable 
development advocacy organization; and as Public Policy Manager for 
Pittsburgh Community Reinvestment Group (PCRG). 

Grant brings fifteen years of experience, intersecting the worlds of 
environmental, community & economic development and infrastructure policy 
to create innovative and sustainable solutions for local governments, 

community development organizations and state agencies. Grant has helped lead the 
development of a variety of innovative programs including the Pittsburgh and Neighborhood 
Community Information System and the Pennsylvania Community Transportation Initiative. 
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Panel Session: “Regional and National Grid Modernization Priorities” 

Richard Riazzi serves as Chief Executive Officer and President of 
Duquesne Light Company. Before joining Duquesne Light, Mr. Riazzi 
was the General Manager and CEO of Public Utility District No. 1 of 
Chelan County, Washington. He has also served as President and CEO of 
Idacorp Energy LP and its subsidiary Idaho Power Company. Mr. Riazzi 
also served as an Independent Director of US Ecology, Inc. (Formerly 
American Ecology Corp.) from 2004-2007. Early in his career, he was a 
pipe fitter for Peoples Gas, and he worked for Equitable Gas Company in 

gas and energy marketing positions. Previously, Mr. Riazzi served as Vice President of 
Corporate Marketing at Equitable Resources Inc. He has been Director of Duquesne Light 
Company since August 2010. He has bachelors and master's degrees from the University of 
Pittsburgh. 

Mark McGranaghan is Vice President of Power Delivery and Utilization 
for the Electric Power Research Institute (EPRI). He leads the teams 
responsible for EPRI's research involving technologies, systems, and 
practices for power delivery systems from the generator to the plug and for 
the devices and technologies that use the electricity. 

From 2003 to 2010, McGranaghan was Director of Research in the 
Distribution and Smart Grid areas for EPRI. Priorities during this period 

were restructuring of the distribution research program, coordinating EPRI research in the smart 
grid area with government and industry efforts, creating the smart grid demonstration initiative, 
and increasing the technical strength of the EPRI research team. 

Prior to joining EPRI, McGranaghan was Vice President at Electrotek Concepts (1998-2003), 
where he helped develop a new business area around power quality and power system studies 
into a world leader. From 1978 to 1988 McGranaghan was a Manager at McGraw-
Edison/Cooper Power in Canonsburg, Pennsylvania. He managed studies for the utility industry 
and internal studies for application of McGraw-Edison products (power transformers, circuit 
breakers, arresters, distribution switchgear, capacitors) and directed a wide range of power 
system studies. 

McGranaghan has Bachelor of Science, Electrical Engineering and Master of Science, Electrical 
Engineering degrees from the University of Toledo, and MBA from the University of 
Pittsburgh. He has taught seminars and workshops around the world and is very active in 
standards development and industry activities (IEEE, CIGRE, IEC). He is a member of the NIST 
Smart Grid Interoperability Panel Governing Board and he is the Vice-Chairman of the CIRED 
U.S. National Committee. 
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Alexis Abramson is Director of the Great Lakes Energy Institute at Case 
Western Reserve University. In her academic role, Dr. Abramson has 
published numerous peer‐reviewed publications and has given over fifty 
presentations on cutting‐edge scientific topics that span subject matter 
from novel techniques for thermal characterization of nanostructures 
(resulting in a patent) to the design and synthesis of unique nanomaterials 
for use in alternative energy applications. Additionally, she has published 
various reports and articles on subjects relating to nanotechnology and its 

development throughout the world. 

Alexis is also a productive teacher in the university classroom and has led and participated in 
various programs focused on science education and outreach, including a middle/high school 
teaching module on nanotechnology. Complementary to her academic activities, Alexis has also 
explored an interest in technology based economic development through interaction 
with NorTech. A champion of nanotechnology’s development in the NE Ohio region, she has 
given over fifty presentations on nanotechnology to area companies and institutions and initiated 
programs to stimulate collaboration and commercialization of nanotechnology. Additionally, Dr. 
Abramson was the chief organizer of the NanoApp Summit (2007) and the Nanomedicine 
Summit (2008), both national conferences with great visibility. More recently, Alexis has been 
working to develop strategies to help accelerate technology commercialization at the region’s 
universities and research institutions. 

Michael Pesin is Deputy Assistant Secretary for the Power Systems 
Engineering Research and Development Division in the U.S. Department 
of Energy’s Office of Electricity Delivery and Energy Reliability. Mr. 
Pesin has 30 years of experience in the electric utility industry, much of it 
directing development and execution of advanced technology programs.  

His most recent assignment was with Seattle City Light where he 
developed the technology strategy, managed research and development 

projects and directed strategic programs to management demonstration projects. His subordinate 
strategic programs included substation automation, distribution automation, advanced metering 
infrastructure (AMI), enterprise OT communication networks, cyber security, energy storage, 
distributed generation, microgrids, electric vehicles, transactive energy, energy management 
(EMS) and distribution management systems (DMS).  

Mr. Pesin has numerous professional affiliations, publications and patents. He holds a Master of 
Science in Electrical Engineering from St. Petersburg State Polytechnic University, St. 
Petersburg, Russia, is a Licensed Professional Electrical Engineer (PE), and has a number of 
other management and technical certifications. 
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Luncheon Keynote Address: 

Dr. Cynthia Powell is the Deputy Director (Acting) for Science & 
Technology Strategic Plans & Programs at the National Energy Technology 
Laboratory (NETL). In this role, she is responsible for implementing a 
research and development portfolio that positions the Laboratory as an 
international resource for fossil energy technology discovery, development, 
and deployment. As part of this role, she promotes safe and efficient research 
operations at NETL and ensures the Laboratory’s research personnel are 
equipped with the technical competencies and knowledge needed to 
effectively support its research mission. Previously, Dr. Powell served as 

NETL’s Materials Science Focus Area Lead. She has more than 15 years of experience in high-
temperature phase and microstructural development of structural materials and the effects of 
these phase changes on the bulk properties of such materials. She received her Ph.D. in materials 
science from Case Western Reserve University; this was preceded by an M.S. and B.S. in 
ceramic engineering from Clemson University. Dr. Powell’s research also addressed 
microstructure/processing relationships in a wide range of intermetallic, metallic, ceramic, and 
composite materials, and the influence of microstructure on the tribological performance of 
ceramics and ceramics-based composites. 

Dr. Franklin (Lynn) M. Orr was sworn in as the Under Secretary for 
Science and Energy on December 17, 2014. As the Under Secretary, Dr. Orr is 
the principal advisor to the Secretary and Deputy Secretary on clean energy 
technologies and science and energy research initiatives.  Dr. Orr is the 
inaugural Under Secretary for the office, which was created by Secretary of 
Energy Ernest Moniz to closely integrate DOE’s basic science, applied 
research, technology development, and deployment efforts. As Under 
Secretary, he oversees DOE’s offices of Electricity Delivery and Energy 
Reliability, Energy Efficiency and Renewable Energy, Fossil Energy, Indian 
Energy Policy and Programs, Nuclear Energy, and Science.  In total, these 

programs steward the majority of DOE’s National Laboratories (13 of 17). 

Prior to joining the Department of Energy, Dr. Orr was the Keleen and Carlton Beal Professor 
Emeritus in the Department of Energy Resources Engineering at Stanford University. He joined 
Stanford in 1985.  He served as the founding director of the Precourt Institute for Energy at 
Stanford University from 2009 to 2013.  He was the founding director of the Stanford Global 
Climate and Energy Project from 2002 to 2008, and he served as Dean of the School of Earth 
Sciences at Stanford from 1994 to 2002.  He was head of the miscible flooding section at the 
New Mexico Petroleum Recovery Research Center, New Mexico Institute of Mining and 
Technology from 1978 to 1985, a research engineer at the Shell Development Company Bellaire 
Research Center from 1976 to 1978, and assistant to the director, Office of Federal Activities, 
U.S. Environmental Protection Agency from 1970 to 1972. He holds a Ph.D. from the University 
of Minnesota and a B.S. from Stanford University, both in Chemical Engineering. 

Dr. Orr is also a member of the National Academy of Engineering.  He served as a member of 
the Board of Directors of the Monterey Bay Aquarium Research Institute from 1987 to 2014, and 
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was a member of the Board of Trustees of the David and Lucile Packard Foundation from 1999 
to 2008, for which he has also chaired the Science Advisory Panel for the Packard Fellowships in 
Science and Engineering from 1988 to 2014.  He served as a member of the 2008/09 National 
Research Council Committee on America’s Energy Future. 

Moderated Discussion: “T&D Infrastructure, Distributed and Clean Energy Resource 
Integration” 

Benjamin Morris is Senior Manager, Strategic Planning & Operational 
Analytics at Duquesne Light Company, a regulated electric transmission and 
distribution utility serving 590,000 customers in and around Pittsburgh, 
Pennsylvania. In this capacity, Morris is responsible for optimizing asset 
utilization and performance, developing and monitoring asset health, and 
assisting with strategic planning. Morris also aids Duquesne Light Company in 
its initiatives related to grid modernization and the integration of distributed 
energy resources. 

Prior to joining Duquesne Light Company, Morris was a Vice President in the Regulated 
Utilities group of Macquarie Infrastructure and Real Assets, Inc., where he helped to identify 
new private equity investment opportunities and to manage existing private equity investments in 
the regulated utility industry. Specific private equity investments in the regulated utility industry 
that Morris helped to manage included Duquesne Light Company; Aquarion Company, a water 
utility serving 223,000 customers in Connecticut, Massachusetts, and New Hampshire; and 
Hawai’i Gas, a gas utility serving 68,000 customers in Hawaii. 

Previously, Morris was an Associate in the Oil & Gas investment banking group of Macquarie 
Capital (USA) Inc., where he worked with clients in the upstream, midstream, downstream, and 
equipment/services sectors of the oil and gas industry. Specifically, Morris helped to provide 
strategic advice related to mergers and acquisitions, restructurings, and recapitalizations and to 
raise capital in the private and public equity and debt capital markets. Morris holds Bachelor of 
Arts degrees from Middlebury College and Columbia University. Additionally, Morris holds a 
Master of Arts degree from Middlebury College, a Master of Finance degree from INSEAD, and 
a Master of Business Administration degree from Columbia University. 

Moderated Discussion: “Integrated Energy Networks, Microgrids, Physical and Cyber 
Security” 

Aimee Curtright is Senior Physical Scientist at RAND Corporation. She 
works primarily in the areas of energy policy and technology assessment. 
Her recent and ongoing projects include a life-cycle assessment of the 
greenhouse gas emissions of biomass energy feedstocks, a study on the 
technical and logistical barriers to co-firing biomass in existing coal-fired 
power plants, and an analysis of the costs and benefits of imposing a 25 
percent renewable energy mandate. 
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Curtright's past experience includes postdoctoral research at Carnegie Mellon University in the 
department of engineering and public policy, a fellowship at the National Academies with the 
Board on Energy and Environmental Systems, and research in microbattery fabrication at the 
U.S. Naval Research Lab. Curtright received her Ph.D. in physical chemistry from the University 
of California, Berkeley. 
 

Moderated Discussion: “Core Technologies: Energy Storage, Power Electronics, DC, 
other” 

 
Thomas Feeley has been a Local and Regional Partnerships Manager for the past six months.  
Prior to that, he was the Director of the Public Affairs and Strategic Outreach Division where he 
was responsible for the day-to-day management of the Laboratory’s public affairs, 
communications, congressional affairs, K-12 STEM education, strategic outreach, and business 
development activities. Duties include supervisory responsibility for fifteen public affairs and 
outreach specialists carrying out a broad array of tasks including media relations, website 
development, multi-media, technical writing, education outreach, international collaboration, 
technology transfer and licensing, and collaborations and agreements.   
 
From 2009-2011, Mr. Feeley participated in a Brookings Institute Congressional Fellows program 
with U.S. Senator Robert P. Casey, Jr. in Washington, DC, where he provided technical and policy 
support to the Senator on issues ranging from climate change to shale gas development. 
 
Mr. Feeley has been with the National Energy Technology Laboratory since 1981 and has served 
in a variety of senior management positions including Director for the Office of Coal and Power 
R&D where he was responsible for strategic planning and management of over $360 million in 
coal and power research and development programs focusing on carbon capture and sequestration, 
advanced turbines, fuel cells, advanced research, fuels, and gasification.  He has also served as a 
Division Director and as the Technology Manager of the Innovations for Existing Plants Program 
where he managed the development of technologies to control carbon dioxide, sulfur oxides, 
nitrogen oxides, air toxics (mercury), and fine particulate matter emissions, to manage coal 
combustion byproducts, and to manage power plant water use. Before joining NETL, Mr. Feeley 
worked for Roy F. Weston, an environmental consulting firm. 
 
Mr. Feeley has a Bachelor of Science degree in Environmental Sciences from California 
University of Pennsylvania.  He also has a Masters degree in Energy Resources from the University 
of Pittsburgh and a Masters in Public Policy and Management from the Heinz School at Carnegie 
Mellon University. Mr. Feeley is a Qualified Environmental Professional and a Fellow in the 
Council for Excellence in Government.  
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Discussion Session Rapporteurs: 
 

Barbara Granito is the Strategic Director of the Science & Engineering 
Ambassadors Program, a Pittsburgh-based activity of the National 
Academy of Sciences and the National Academy of Engineering. She was 
an award-winning journalist at The Wall Street Journal, where she served 
as a News Editor and Staff Reporter in New York, and prior to that at 
Dow Jones &amp; Co. as the AP-Dow Jones Bureau Chief in Rome, Italy, 
and at Institutional Investor magazine as a Contributing Editor in Paris, 
France, and New York City. After retiring in 1995, she has served on 
boards and committees of numerous charitable organizations. Since 
moving to Pittsburgh in 2005, she has served as a Trustee of Phipps 

Conservatory and Botanical Gardens and The Ellis School, and as a board member for the ARCS 
Foundation – Pittsburgh Chapter, the Carnegie Museum of Art’s Women’s Committee, and the 
Pittsburgh Symphony Association. B.A., Dartmouth College, summa cum laude, Senior Fellow. 

Ann Merchant is the Deputy Executive Director for Communications at 
the National Academies in Washington, D.C. Merchant has worked in 
marketing and communications for more than 20 years and her work at the 
Academies primarily revolves around planning a variety of science 
communications events and managing innovative outreach programs that, 
together, contribute to increased public understanding of science. With a 
special interest in promoting science, engineering, and medicine through 
non-traditional entertainment channels such as television, film, and video 

games, she was instrumental in launching the Science & Entertainment Exchange, a program of 
the National Academy of Sciences that seeks to connect entertainment industry professionals 
with top scientists and engineers.  

Merchant also served for many years as marketing director for the Academies’ publishing 
division where she and her staff promoted and marketed more than 175 new titles every year. 
During that time, she served as adjunct professor of marketing at George Washington University 
in the College of Professional Studies. She continues to work with the Academies’ publishing 
group, helping to bring visibility to the core work of the institution. In particular, she maintains 
relationships with publishers around the world in order to facilitate foreign language translations 
of Academies reports. 
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Workshop Participants 
First Name Last Name Organization Title 
Brian Anderson West Virginia University Director, WVU Energy Institute 
Dianne Anderson Anderson Energy  
Tim Avampato Eaton  
Rebecca Bagley University of Pittsburgh Vice Chancellor for Economic 

Partnerships 
Joe Barron MEPPI  
Michael Bauer AMSC Managing Director Global Sales 
Lindsay Baxter Pennsylvania Environmental Council Program Manager, Energy and 

Climate 
Joe Belechak DiGioiaGray President 
Matt Blackburn Pat Toomey Delegate  
Jason Blake ReliabilityFirst Corporation General Counsel 
Chuck Brandt Innovation Works VP Technology Programs 
Gladys Brown PA Public Utility Commission Chairman 
Alex Brunory Keith Rothfus Delegate  
Eileen Buzzelli FirstEnergy  
Alvaro Cardoza University of Pittsburgh Graduate Student Researcher 
Robert Casey U.S. Senate U.S. Senator 
Liang Cheng Lehigh University Prof. 
Dave Conti Trib  
Tom Crawford Pitt Associate Vice Chancellor 
Aimee Curtright RAND Sr Physical Scientist 
Del Dausman NRG Energy Center Pittsburgh General Manager & Vice President 
Austin Davis Allegheny County Executive Assistant to Executive 
Richard DiClaudio The Energy Innovation Center Executive Director, trustee, and 

officer 
Tony DiGioia   
Alexander Ebbert HICO America Director 
Grant Ervin City of Pittsburgh Chief Resilience Officer 
Thomas Esselman LPI, Inc. Principal 
Thomas Feeley DOE/NETL Strategic Partnerships 
David Feldmann HICO America Marketing Coordinator 
James Fields PITT OHIO COO 
Liz Fishback Bob Casey Delegate  
Richard Fox Greg Vitali Delegate  
pradeep fulay WVU Associate Dean for Research 
Christina Gabriel   
Darren Gill PA Public Utility Commission Deputy Director, Technical 
Court Gould Sustainable Pittsburgh Sustainable Pittsburgh 
Tyler Gourley Hillman Family Foundations Program Officer 
Brandon Grainger University of Pittsburgh  
barbara granito National Academy of Sciences Senior Program Officer 
David Hall Curtiss Wright APS Principal Engineer 
Bryan Hannegan NREL Associate Laboratory Director 
Brian Hill RKMF Sr. Progtam Officer 
Gerald Holder Swanson School of Engineering Dean 
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Wayne Honath University of Pittsburgh Project Manager, Center for 
Energy 

Danielle Ilchuk Center for Energy Administrative Coordinator 
Kate Jackson KeySource Director, Energy & Technology 

Consulting 
Sameer Kher ANSYS Senior Manager, R&D 
Fred King West Virginia University Vice President of Research 
Neil Kirby GE Grid Solutions Business Development Manager 
Michael Latsko Westinghouse VP Strategy 
Ariel Lattanzi City of Pittsburgh Resilience Analyst 
Patrick Lewis University of Pittsburgh Graduate Student Researcher 
Mark McGranaghan EPRI  
Anna Merchant National Academy of Sciences  
Bill Miller Pittsburgh Gateways/EIC COO & VP 
Daniel Moore Post-Gazette  
Benjamin Morris Duquesne Light Company Senior Manager, Strategic 

Planning & Operational Analytics 
Douglas Nofi Allegheny County, Facilities Management Director 
Mark Nootbaar WESA/NRP  
Lynn Orr DOE  
Brian Patterson EMerge Alliance President 
Ben Patton Sargent Electric Preconstruction Manager 
Michael Pesin US DOE  
Cynthia Pezze Westinghouse/Engineering Vice President and Chief 

Technology Officer 
Cynthia Powell NETL Deputy Director, Science & 

Technology 
Maya Prica Case Western Assistant Professor 
Sharmila Ravula Bosch  
Gregory Reed Center for Energy Director 
George Reynolds Sargent Electric Company Vice President 
Richard Riazzi Duquesne Light Company President & CEO 
Mike Ringler University of Pittsburgh Sr. Director of Federal Relations 
Devlin Robinson Tim Murphy Delegate  
Michael Rooney Hillman Foundation  
Steve Ross Universal Electric Corporation COO 
Adam Rossi Adam Solar Resources  
Mark Rupnik BPL Global CEO 
Aurora Sharrard Green Building Alliance Executive Director & VP of 

Innovation 
Charles Shelton Robert Bosch LLC Dr. 
Anna J. Siefken Green Building Alliance VP of Strategic Engagement and 

Pittsburgh 2030 District Director 
Michele Somerday FirstEnergy Manager, Energy Policy 
Deborah Stine Carnegie Mellon University Scott Institute 

for Energy Innovation 
Associate Director 

Paul Supowitz University of Pittsburghh Vice Chancellor for Community 
and Governmental Relations 

John Swanson Swanson School of Engineering  
Mutmainna Tania Dominion Virginia Power  
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Alan Traugott CJL Engineering Managing Principal 
David Vorp University of Pittsburgh Associate Dean for Research, 

Swanson School of Engineering 
Jay Whitacre Carnegie Mellon Univerisity Professor 
James Wilson National Energy Technology Laboratory 

(DOE) 
Chief Financial Officer 

Corey Young Washington and Jefferson College 
Center for Energy Policy and 
Management 

Director 
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University of Pittsburgh GRID Institute Press Release 

 
News Release  
CONTACT: Paul Kovach, Director of Marketing and Communications 
Swanson School of Engineering, University of Pittsburgh 
412-624-0265 (pkovach@pitt.edu) 
 

University of Pittsburgh launches Energy GRID Institute  
 

“Solution center” draws together utility, industry, government and 
foundation partners to modernize energy infrastructure 

  
PITTSBURGH (June 23, 2016) … The U.S. power and energy infrastructure is at a crossroads. 
Aging, legacy-based systems face demands to integrate the growth of distributed and renewable 
energy resources, with sources ranging from the average consumer with a solar rooftop to 
commercial industry developing on-site microgrids.   
 
This rapidly evolving environment affects grid technologies, systems, designs, operations and 
regulation, and influences markets and policy.   
 
To address these challenges, the University of Pittsburgh is launching the Energy Grid 
Research and Infrastructure Development (GRID) Institute. This new entity, grounded in 
research from Pitt’s Center for Energy, will leverage the University’s public and private 
partnerships with new laboratory space at the Energy Innovation Center in downtown Pittsburgh 
to create a comprehensive international solution center for industry. 
 
The Institute’s inaugural partners include Duquesne Light, Eaton, the Electric Power Research 
Institute (EPRI), Dominion Virginia Power, FirstEnergy, Emerson, PITT-OHIO Express, Sargent 
Electric Company, Siemens, and Universal Electric Corp. Nonprofits including the Henry L. 
Hillman Foundation and the Richard King Mellon Foundation are also supporting the work of 
GRID. The Institute is coordinating closely with the City of Pittsburgh and with the National 
Energy Technology Laboratory on behalf of the U.S. Department of Energy on joint efforts to 
advance new energy technologies through an agreement aimed at designing a 21st century 
energy infrastructure for Pittsburgh. The Institute’s leadership team is also exploring additional 
public-private partnerships in the Pittsburgh region and throughout the U.S. 

“Considering the expansive and somewhat daunting goal—to modernize the nation’s electric 
power grid and energy infrastructure—it’s vital that research institutions such as Pitt partner with 
the utility industry and the community to find solutions addressing security, resiliency, and 
reliability,” Pitt Chancellor Patrick D. Gallagher said. “The Energy GRID Institute will serve as 
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the nexus for collaborative  research that encourages economic growth and job creation, and 
enhances our incubator, start-up, and commercialization potential.” 
 
Groundwork for the Institute was developed under the leadership of Gregory Reed, Professor of 
Electrical and Computer Engineering in Pitt’s Swanson School of Engineering and Director of 
the Center for Energy, and Rebecca Bagley, Vice Chancellor for Economic Partnerships.  
 
GRID’s operations will be based in new research and incubator space currently under 
construction by Pitt at the Energy Innovation Center (EIC), a project developed by Pittsburgh 
Gateways Corporation in the former Connelly Trade School. The 18,600-square-foot laboratory 
will include the Electric Power Technologies Laboratory, led by Reed; the Next Generation 
Energy Conversion and Storage Technologies Laboratory, headed by Prashant Kumta, 
professor of bioengineering, mechanical engineering and materials science, and chemical and 
petroleum engineering; the High-Temperature Corrosion Testing Laboratory, led by Brian 
Gleeson, professor and chair of mechanical engineering and materials science; and the Pitt 
Energy Incubator Laboratories, developed by Mark S. Redfern, vice provost for research.  
 
In collaboration with these researchers, the GRID Institute will address the utility sector’s critical 
issues, including:            

- Micro grids and resilient energy systems  
- Renewable technology integration (solar, wind, micro-hydroelectric, etc.) 
- Energy storage and power electronics technologies 
- Electric vehicle-to-grid concepts 
- Direct current (DC) infrastructure, technologies, and standards 
- Hybrid AC/DC systems  
- Integrated Energy Networks 

 
“The University’s leading research in energy and sustainability and state-of-the-art laboratory 
space at the Energy Innovation Center enables GRID to evaluate, assess, and develop solutions 
collaboratively with our partners on major issues and technologies that impact not only our 
nation’s power grid, but also energy transmission and distribution infrastructure around the 
globe,” said Reed. 

Collaborative partnerships are a key element of the enterprise, Bagley said.  “We’re developing a 
world-class enterprise for energy and power grid research, development, demonstration, and 
deployment in collaboration with energy-based industry and utilities” she said. “We appreciate 
the contributions of our existing partner entities and are actively seeking to add to the group in 
order to enrich the exchange of ideas and reach universally beneficial outcomes more quickly.” 
 

### 
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Speaker Presentation: Dr. Gregory Reed, University of 
Pittsburgh
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Speaker Presentation: Mark McGranaghan, Electric Power 
Research Institute 

 

 

© 2015 Electric Power Research Institute, Inc. All rights reserved. 

 
Mark McGranaghan 

VP, EPRI Power Delivery & Utilization 
mmcgranaghan@epri.com 

865-356-8776 

 

U.S. Department of Energy 
Mission Innovation Workshop on Grid Modernization  

The University of Pittsburgh, Center for Energy  

Friday June 24, 2016   

Pittsburgh, PA  

Grid Modernization 
Challenges for the 

Integrated Grid 
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© 2015 Electric Power Research Institute, Inc. All rights reserved. 

The Vision: An Integrated Grid 

Power System that is Highly Flexible, Resilient and  
Connected and Optimizes Energy Resources 
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2. Distribution Management System and Distribution 
Operations 

 Developing the architecture 
 Integrating distributed resources 
 Microgrids 
 Protocols and standards 
(OpenFMB) 
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3. Integrating Smart Inverters and DER 
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4. Energy Storage 

 Location/location/location 
 Controls and Integration 
 Economics 
 Standards and safety 
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6. Integrating DERMS with DMS 



9-739-73

72 
 

 
10 

© 2015 Electric Power Research Institute, Inc. All rights reserved. 

7. Making the customer the center of the universe 

 Customer model of the future 
 Electrification opportunities 
 Customer services 
 Integration with Planning and 
Operations 
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10. Learning from demonstrations and pilots 

ComEd and Partners Moving Forward on 
Bronzeville’s “Community of The Future” 
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Working together! 
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Additional Presentation: District Energy in Pittsburgh 
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Executive Summary 
The University of Washington hosted the Northwest (NW) Regional Clean Energy 
Innovation Partnership Workshop on Monday, August 15, 2016, at its campus in Seattle, 
WA.  Coordinated with regional academic and National Laboratory partners in 
Washington, Idaho, Montana and Oregon, the workshop brought together ~120 
participants from NW universities, National Laboratories, industry, state and federal 
representatives, non-profit organizations and the investment community.   The all-day 
event was focused on the future of clean energy and ways the NW innovation ecosystem 
can accelerate the development and deployment of clean energy technologies that meet 
regional, national and international goals for decarbonization while also stimulating 
regional economic development and advancing U.S. industrial competitiveness globally.  

The event featured presentations by U.S. Secretary of Energy Ernest Moniz, U.S. Senator 
Maria Cantwell, Washington State Governor Jay Inslee and U.S. Representative Derek 
Kilmer.  Five panels were held during the day with representatives from regional 
universities, National Laboratories, large and small companies, non-profits and investors, 
to explore different elements of the Northwest Region’s clean energy ecosystem. 

The workshop promoted a vigorous discussion on the future clean energy system and the 
technology innovations, partnerships and policy reforms needed to successfully create it.  
Several themes emerged from the workshop, which were: 

• The NW region is a natural “all-of-the-above” energy testbed for a deeply 
decarbonized economy.  The NW has a rich and diverse set of natural resources 
that gives it a uniquely clean energy profile relative to other regions.  The NW’s 
long legacy of electricity production from hydropower forms the backbone of its 
clean electricity system, which is augmented by strong contributions from wind 
and natural gas.  The NW has a growing demand for distributed solar, wave, and 
geothermal power, which add to the potential mix of energy sources available 
within the region.  Clean fossil energy is being pursued through Carbon Capture 
Use and Storage (CCUS) research conducted by universities and National 
Laboratories within the region.  There is a significant testbed infrastructure 
currently residing in the NW that can be networked, which includes the UW-
WSU-PNNL transactive campus demonstration, the Pacific Marine Energy Center, 
and small modular reactors developed at NuScale Power that will be tested at INL. 
The NW transportation sector’s (vehicles, trucks and aviation) primary energy 
source is petroleum, which is imported from outside the region, but also includes a 
strong biomass-to-fuels effort that includes regional companies and research 
institutions focused on the development of drop-in biomass-derived 
transportation fuels.    The NW is showing leadership along the I-5 corridor in 
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advancing electric vehicles (EVs), through National Laboratory and university 
research on EV batteries and investments in a charging infrastructure. 
 

• The Northwest is a leader in energy efficiency, making efficiency the second largest 
resource for the region after hydropower.  Since 1978 the Northwest has saved about 
6 GW and met half the load growth in the region through efficiency.  Building on 
this foundation, the Northwest will pursue innovations in energy efficiency and 
demand response for meeting regional goals related to generation capacity and 
carbon emissions.    
 

• The NW region has been a leader in developing and deploying smart grid 
technologies to increase grid flexibility, reliability, resiliency and cyber security. The 
Pacific Northwest Smart Grid Demonstration deployed over 55,000 advanced 
meters and automated distribution across over 5 states and 11 utilities. With over 6 
GW of wind energy, the region is a leader in demonstrating large-scale renewable 
energy integration along with demand response and energy storage 
demonstrations and deployments.  There is a rich energy ecosystem in the region 
that includes robust energy R&D, small hardware and software companies, 
progressive utilities and large multinational energy suppliers. 
 

• The NW region is integrating core competencies in smart grid and smart building 
concepts with the internet of things (IoT) to fully realize the benefits of an electricity 
system that can enable deep decarbonization.  High tech companies like Microsoft 
and Amazon are investing in cloud computing, Internet of Things (IoT) devices 
and renewables to build a green economy that is powered by a smart grid which is 
capable of more autonomous decision making at “the edge” as opposed to at a 
centralized control room.  NW research institutions are partnering with utilities to 
implement transactive controls1 between the grid and buildings, along with 
centralized and distributed renewables integration into the grid.  
 

• The NW has a robust clean energy innovation ecosystem.  The region’s universities 
are strong in energy R&D. They lead major federal clean energy research centers in 
areas as diverse as marine renewable energy, biofuels, and catalysis. NW 
universities host ARPA-E teams, Sunshot Gen3 solar efforts, the Northwest 
National Marine Renewable Energy Center, and include the 6th largest university 
recipient of Office of Science funding. The region’s three National Laboratories 
lead nuclear energy, fossil energy, enhanced geothermal energy, and grid 
modernization R&D efforts, as well as key DOE energy efficiency programs.  

                                                      
1 Transactive controls combine financial signals and dynamic control techniques to shift the timing 
and quantity of energy usage in devices, buildings and campuses. 
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Northwest research organizations are complemented by an active business 
community populated by large and small cleantech and high tech companies, an 
engaged investor community and state and federal representatives who are highly 
supportive of a shift to a clean energy economy.   Post-workshop surveys praised 
the NW as an ecosystem with a collaborative “ethos” that promotes effective 
partnering around clean energy challenges. 
 

• The NW brings a mature and diverse perspective to the conversation about how best 
to balance trade-offs between clean energy and protecting the environment.  The 
Energy-Water nexus factors heavily into regional decision-making due to the NW’s 
economic reliance on agriculture, fishing and hydropower.  Therefore the 
environmental focus of the NW has stimulated a healthy debate over the years 
about the benefits and consequences of clean energy, most notably the impact of 
hydropower on salmon migration and survival rates.  The region is experienced in 
grappling with complex energy issues and seeks diverse perspectives, such as those 
from its Indian Tribes, in evaluating potential energy options.  With over 22 GW of 
electricity generated from the Columbia River the renegotiation of the Columbia 
River Treaty will be critical to the future energy production of the region.   
 

• The NW region enjoys broad community support for clean energy.  Support for clean 
energy is wide-spread amongst NW state and federal representatives, who are 
active champions for legislation and policies that promote clean energy solutions.  
As examples, the Washington State Clean Energy Fund and Oregon BEST both 
invest in the marketplace maturation of clean energy technologies.   
 

• The NW is a clean energy gateway to Asia and to Canada.  The NW has a long 
history, and partners closely, with Canada on energy issues.  An example of the 
interdependence between the U.S. and Canada is the Columbia River Treaty, 
which governs the development and operation of dams in the upper Columbia 
River basin to provide benefits to both countries in the form of added hydropower, 
irrigation and flood control.  The NW is also economically tied to Asia, and those 
ties are growing tighter.  For example, in 2015 Seattle and the State of Washington 
signed multiple MOUs with Chinese partners in areas such as environmental 
protection, clean energy and low carbon technologies. 
 

• The NW region would benefit from the development of a clean energy innovation 
roadmap.  A recurring observation made throughout the workshop, and in post-
workshop surveys, was that the NW innovation ecosystem would benefit greatly 
from a roadmap that could be used to align and organize the region’s efforts and 
investments in clean energy. This roadmap would define a shared vision and 
provide a mechanism to continue the conversations initiated at the workshop.  
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As a result of this workshop, a group of regional research and business stakeholders have 
committed to collaborate in developing this NW regional roadmap for clean energy 
innovation focused on pursuing: (1) transformational breakthrough energy innovations 
aligned with NW strengths and (2) near-term but impactful clean energy innovations 
across the suite of the NW’s energy sectors. 

The following report contains a detailed account of the workshop discussions and 
presentations.  Appendices to the report provide the agenda, a roster of workshop 
participants, and State Energy Profiles for Washington, Oregon, Idaho and Montana. 
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Workshop Overview 
The Northwest (NW) Regional Clean Energy Innovation Partnership (RCEIP) Workshop 
was held at the University of Washington on Monday, August 15, 2016.  Hosted by the 
University of Washington and coordinated with regional academic and National 
Laboratory partners in Washington, Idaho, Montana and Oregon, the workshop focused 
on the future of energy innovation and was an all-day event in The Lyceum of UW’s Husky 
Union Building.  The goal of the workshop was to bring together regional stakeholders in 
academia, industry, National Laboratories, non-profit organizations and state, local and 
federal agencies to explore ways that they can partner to accelerate the development and 
deployment of emerging clean energy technologies and stimulate regional economic 
development.  

The workshop agenda (Appendix A) was designed to explore how these stakeholders can 
join forces across the region to strengthen the NW clean energy ecosystem by: 

• Providing a deep and differentiating set of capabilities, resources, markets and 
opportunities to develop clean energy technologies, 

• Leveraging federally funded R&D with state and regional industrial development 
efforts to create a strong, local clean energy talent and technology base, 

• Mobilizing wide community support, including universities, industry, and 
National Laboratories for regional initiatives, 

• Building the NW’s clean energy leadership position upon existing knowledge 
clusters and leveraging the comparative strengths of the NW region, 

• Engaging public and private financing entities such as the Washington Clean 
Energy Fund, Oregon BEST, angel and venture investors, as well as philanthropic 
organizations to strengthen the local regional clean energy economy, and 

• Working together politically to coordinate at local/state/regional/federal levels. 

The event featured presentations by national and regional clean energy leaders, including 
U.S. Secretary of Energy Ernest Moniz, U.S. Senator Maria Cantwell, Washington State 
Governor Jay Inslee and U.S. Representative Derek Kilmer.  Tom Ranken, the President 
and CEO of the CleanTech Alliance, provided a business organization leader’s forward-
looking perspective on the NW region’s strengths and challenges in clean energy research, 
policy, and business development. 

Five panels were held during the day to explore different elements of the Northwest 
Region’s clean energy ecosystem.  The first panel brought together National Laboratory 
and University leaders to provide a high level analysis of how NW research institutions 
can strategically partner to build differentiating regional strength in clean energy 
innovation.  The second panel discussed the challenges and opportunities for integration 
of state and regional actions to help the region address the Nation’s clean energy goals.  
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The third panel highlighted specific multi-institution research collaborations that exist in 
the NW region today, and the fourth panel assembled industry leaders who have played 
critical roles taking clean energy products to a global market.  The fifth panel included 
representatives from NW clean energy startup companies and the investment community 
with experience bridging the “valley of death” between research and a commercialized 
product. 

The knowledge and expertise provided by the ~120 attendees contributed greatly to an 
informative and constructive dialogue (Appendix B).  Contained within this report is a 
summary of the information that was exchanged during the workshop and key messages 
that were communicated regarding the future of clean energy innovation, technology 
development and adoption in the Northwest. 
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The Northwest as a Clean Energy Leader 
The University of Washington’s (UW) Provost Gerald Baldasty and Vice Provost for 
Research Mary Lidstrom provided opening remarks that welcomed workshop participants, 
recognized distinguished guests, and expressed the imperative for innovation in clean 
energy.  Their remarks acknowledged UW’s long-time and enthusiastic support for the 
region’s clean energy innovation ecosystem, the positive impact of DOE and other agency 
funding on the NW energy research community, and set the stage for the remainder of the 
workshop. 

After the opening remarks, U.S. Congressmen Derek Kilmer shared his perspective on 
what makes the NW region special with respect to energy innovation 
and development.  Congressman Kilmer called for concerted regional 
action on clean energy, citing the need to protect the planet for the 
next generation.  He said that Washington State (WA) recognizes the 
real threat of global climate change and cited specific examples of the 
effects of climate change in his district - historic Native American 

coastal buildings in danger from rising sea levels, ocean acidification effects on the WA 
fishing industry, and a forest fire burning for months in a rain forest.  In the face of this 
threat, he said that “WA doesn’t agonize, we organize”.  The Nation’s response to the 
existential threat of climate change needs to be similar to the space race with the Soviets.  
The space race inspired a national effort to address the challenge, and countless 
innovations resulted.   

The U.S. is facing another Sputnik moment and WA is stepping up.  Washington produces 
30% of the Nation’s hydroelectric power, and is ranked in the top 10 state producers of 
wind power.  The Joint Base Lewis-McChord (JBLM) Earthworks program takes 700 tons 
of waste from JBLM's dining halls and commissaries and 
converts it to compost.  The University of Washington is 
a leader in solar technologies and energy storage.  Puget 
Sound Energy is making efforts to shift the balance in 
their energy portfolio.   

Congressman Kilmer concluded by saying that the 
region is at the forefront of changing how the Nation 
produces and uses clean energy.  His service on the House Appropriations Committee 
allows him to advocate for additional funding for clean energy innovation, champion 
investments in basic research, and invest in basic infrastructure such as the grid.  He 
quoted the Native American proverb “We will be known forever by the tracks we leave” - 
what we do here matters in protecting the planet for our children. 

 

“We will be known forever 
by the tracks we leave.” 

- Native American 
Proverb, Dakota Sioux 
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Dan Schwartz, the Director of the Clean Energy Institute at the University of Washington, 
provided a perspective on the history of the NW region in clean 
energy, and his projections for the future.  The region has been in the 
clean energy innovation business since 1889, when the first AC 
hydroplant, the Willamette Falls Hydroelectric Plant, was put into 
operation with the first high voltage transmission (4kV).  Hydropower 
systems are now distributed throughout the NW region and consist of 
a combination of federal and privately owned systems.  The Grand 

Coulee Dam was the first major element of the current hydropower system.  It was a 
Bureau of Reclamations project with an initial goal to increase water supply, which then 
grew to be a major power producer for the region.   

Shifting from the past, Professor Schwartz then discussed the future of clean energy in the 
NW.  Advances in electricity transmission and distribution will require connecting 
forecasting science - in hydrology, weather, climate, and energy – to the smart grid, which 
combines equipment, infrastructure and software.  Because of abundant and affordable 
clean energy, the NW is a leader in the production, modification and manufacture of 
advanced materials including lightweight metals, alloys, and polymeric composites for the 
aerospace industry, as well as materials for computing and communications, LEDs, 
batteries, and photovoltaics.  Aviation biofuels research in the NW is driven by our 
sustained excellence in the aerospace sector.  The NW also has regional strength in data 
management, analysis and cloud computing based on the leadership of Microsoft and 
Amazon web services.   

The NW region’s “green” ethos has driven a conversation about the social, economic, 
technologic, and environmental impacts of energy.  The NW understands the trade-offs 
associated with clean energy, as exemplified by the benefits of inexpensive energy and 
irrigated agriculture and the negative consequences on fish populations and the traditions 
of Columbia River Basin indigenous communities.  As a result, the NW has been working 
on issues such as “food vs. fuel” for a long time, and has deep expertise that can contribute 
to the Nation and the world in working through these types of trade-offs.  

Thomas Ranken, the President and CEO of the CleanTech Alliance then provided a 
business leader’s perspective on clean energy in the NW.  The 
CleanTech Alliance represents about 300 member companies and 
organizations across Washington State.   Washington’s cleantech 
industry encompasses hundreds of companies ranging from the 
Fortune 50 to emerging players backed by more than $1 billion in 
venture capital.  The sector employs more than 90,000 workers in 
Washington State, each striving to make a significant contribution to 

the worldwide demand and deployment of clean technologies.  Founded in 2007 by 
business and cleantech leaders, the Alliance facilitates the generation and growth of 
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cleantech companies and jobs through a variety of educational programs, research, 
products and services.  The CleanTech Alliance has partnered with Oregon BEST (Oregon-
Built Environment & Sustainable Technologies Center, Inc.)  to form the Cascadia 
Cleantech Accelerator, which currently has 30+ mentors working with 14 companies. 

The NW has one of the fastest growing and most vibrant cleantech economies in the 
world.  Washington State is the leading renewable energy producer, with Oregon third, 
and Idaho seventh.  Renewable energy produced in the NW powers 14 states.  
Hydroelectricity is the backbone of the NW energy system; the energy profile in NW will 
stay clean.  The “secret sauce” of the clean energy ecosystem in the NW is the combination 
of its universities, National Laboratories, industry and its commitment to conserving the 
environment.  The NW is the home of some of the largest clean energy companies in the 
world, and nonprofit organizations such as the Gates Foundation and the Breakthrough 
Energy Coalition that are dedicated to improving the quality of life for all of mankind.  
The NW is considered to be a leader in the internet, coffee, cleantech, biotech and 
aviation.  Cooperation is part of the NW culture – people in the region work to “bake 
bigger pies not to take bigger pieces of a fixed pie”.  As a result, business people in the 
community dedicate time and energy to help other clean tech entrepreneurs be successful. 

The grid is one area in clean energy where the NW clearly leads.  The Washington Clean 
Energy Fund provided $14M in grid modernization funding to deploy four batteries at 
three utilities, providing nearly 15 MWh of utility-grade storage.   The Pacific Northwest 
National Laboratory (PNNL), the University of Washington (UW) and Washington State 
University (WSU) have partnered on a tri-campus transactive energy demonstration.  The 
Pacific NW smart grid demonstration project is the largest of 16 projects funded by DOE. 
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Panel 1: Emerging Opportunities to Accelerate Clean Energy 
The goal of Panel 1 was to bring together National Laboratory and University leaders to 
provide a high level analysis in answer to the question: Where can we build on 
multiplicative research strengths across the NW region?  Each panelist was asked to spend 
5-7 minutes introducing their institution at a high level, describe its differentiating 
strengths in clean energy, and discuss their vision for the future of clean energy in the 
NW.   The panelists were encouraged to provide examples of how their institution’s energy 
strategy is aligned – or could align - with others in the region to achieve their vision for 
the future. 

The panelists consisted of five high-level leaders from the NW region’s research 
institutions.  They represented perspectives from 3 states in the region: Washington, 
Oregon, and Idaho.  The panel was moderated by Thomas Ranken (President and CEO, 
CleanTech Alliance) and the panelists were: 

     

Steve Ashby 
Lab Director 

Pacific Northwest 
National 

Laboratory 

Cynthia 
Sagers 

Vice President for 
Research 

Oregon State 
University 

Chuck Staben 
President 

University of  
Idaho 

Grace 
Bochenek 
Lab Director 

National Energy 
Technology 
Laboratory 

Kelly 
Beierschmitt 

Chief Research 
Officer 

Idaho National 
Laboratory 

OPENING STATEMENTS 

Each panelist provided a brief overview of their respective institutions.  PNNL is one of 10 
National Laboratories stewarded by the DOE Office of Science which employs 4400 and 
$1B in research funding per year.  PNNL is a multi-program laboratory, with missions in 
earth science, environmental management, energy and national security.  In energy, PNNL 
is focused on the deep decarbonization of our energy system, and has differentiating 
strengths in the future power grid, energy storage, and energy efficiency.  The Lab is a 
national leader in transactive energy management, the optimization of electricity supply 
and demand, developing new battery chemistries and enhancing efficiency in lighting, 
appliances and buildings.   

Oregon State University (OSU) is committed to its land grant mission of solving problems 
to benefit the people.  The US is positioned to take a leadership role in addressing climate 
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change and Oregon is shifting to phase out its reliance on coal and move to clean energy 
sources by 2040.   The advancement of this clean energy future is part of OSU’s 
multidisciplinary effort in energy storage, devices, biomass, energy efficiency, solar, 
nuclear, and wave energy.  OSU’s wave energy research is led by NNMERC, one of 3 
research centers recognized by DOE for wave, tidal and current power.   

The University of Idaho is a land grant university which aspires to generate and 
disseminate knowledge, ensure U.S. global economic competitiveness, act as a trusted 
public communicator and pass knowledge to the future generation.  Energy is a huge 
challenge, particularly in production and reliability.  The University of Idaho has strengths 
in grid technology, safety and security and power engineering.  To have the greatest 
impact it is important to change partnering practices to move technologies out the door, 
particularly in executing CRADAs better, supporting internships, and breaking down 
research silos.  

The National Energy Technology Laboratory’s (NETL’s)  research site center in Albany, 
Oregon works on computational science, materials engineering, geological and 
environmental systems, energy conversion and systems engineering.  Fossil energy must 
be considered as part of the clean energy calculation because of its large footprint on our 
current energy system.  Clean fossil energy means carbon capture and utilization of 
carbon, and carbon sequestration in geological formations.  NETL is unique in the DOE 
Lab system in that it is a federal lab, so it partners uniquely with industry and academia 
with the goal of increasing innovation and the commercialization of clean technologies, 
including long-term geologic storage of CO2. 

The Idaho National Laboratory (INL) is a multi-program research, development, 
demonstration and deployment National Lab spanning 890 square miles, with ~4,000 staff 
focusing on grand challenges to meet energy, climate, and national security goals.  It is the 
Nation’s premier nuclear science and technology laboratory, and hosts world-class and 
unique RD&D facilities in nuclear energy, security, and clean energy deployment.  INL 
addresses physical and cyber-based protection of critical energy infrastructure and 
integrated energy systems – securing and modernizing critical infrastructure, and 
conducts clean energy engineering, performance validation, and at-scale systems 
integration and demonstration. INL plays a significant role in regional energy grand 
challenges and transitions, and works with academia and industry with an eye to also 
enhance U.S. industrial competitiveness globally.  INL, with regional university partners, 
created the Center for Advanced Energy Studies to promote regional partnerships in 
pursuit of energy solutions.  Also, Oregon State University is part of INL’s National 
University Consortium, which focuses on selected nuclear energy research topics.  Nuclear 
power is, and will continue to be, a key component to establishing a deeply decarbonized, 
resilient and secure energy system that is affordable. 
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DISCUSSION 

Following the opening statements was an open discussion, seeded by questions posed by 
Thomas Ranken.  Questions to the panelists were: 

How can we (the NW region) play together more nicely? 

The NW region is distinguished by having a collaborative ethos.  We need to define a clear 
and shared outcome that the region can agree upon and work together to achieve.  
Possible rallying points are centered on the region’s strengths in renewable energy 
generation and grid energy management.  To achieve our collective goals in clean energy, 
it is important to engage industry in the right way and bring federal and private funds 
together at a pace that meets investor’s needs.  We need to achieve a common 
understanding of how to manage IP and protect the investment of federal dollars while 
still making it easy to move technologies to the market.   A mechanism is required to align 
and synchronize clean energy R&D to promote innovation.  Once we have established a 
common vision, the NW needs to pull together – across state, local government, 
academia, and industry – to be ruthless as a region in achieving our goals.       

What distinguishes the NW from other regions in clean energy? 

The NW is very diverse – it touches everything in the energy space.  It has the right 
industry partners, three National Laboratories, and is positioned to support the Nation’s 
agenda in clean energy.  There is an energy in the NW that is derived from a set of 
tremendous partnerships that have developed between industry, academia and the Labs.  
The NW is not bound by the past, which enables us to plan our future without historical 
constraints.  We have the physical resources to explore the potential and limitations of 
renewable energy – ranging from hydropower to solar, wind, wave, and geothermal.  There 
is a spirit of open-mindedness in the NW which drives this exploration.  We have the 
opportunity now to convert our “potential energy” into “kinetic energy” with the 
announcement of Mission Innovation.  One of the challenges we face is how this 
conversation continues after this workshop is over. 

What is the weakness of the region? 

Politically the NW region is diverse with 2 blue states (WA, OR) and 2 red states (ID, MT).  
This political diversity can be an opportunity or a barrier.  WA and OR are larger research 
ecosystems than ID and MT, and that can be an uncomfortable aspect of partnering 
within the region.  The distance of the NW region from Washington D.C. limits its ability 
to have influence on energy policy.  It is therefore critical to develop a bold, unifying 
vision and use it to drive action within the region.  We also need to think internationally.  
China is facing the same struggles as the U.S. - they have a dirty economy with an agrarian 
culture that values the earth.  We will see a transition to clean energy by the US and China 
and we, as a region, have the opportunity to support that transition. 
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Panel 2: Policies and Activities to Accelerate Regional Leadership 
Panel 2 discussed the challenges and opportunities for the integration of state and 
regional actions to help the NW region address the Nation’s clean energy goals.  The 
panelists were asked to spend 5-7 minutes introducing their organization or state, 
presenting a summary of their current policies or actions that promote the NW region’s 
leadership position in clean energy, and discussing areas in which their organization/state 
partners effectively with others in the region. 

The panel included 5 energy-related policy makers, stakeholders and representatives from 
non-profit organizations.   The moderator was David Kenney who is the Director of 
Oregon BEST, a state-funded non-profit that “nurtures clean technology innovation by 
transforming new ideas, research, and products into green collar jobs, greater 
sustainability, and economic prosperity for Oregon”.  The panelists were: 

     

Brian 
Bonlender 

 Director 

WA Department of 
Commerce 

Elliot Mainzer 
Administrator 

Bonneville Power 
Administration 

Fawn Sharp 
President 

Quinault Indian 
Nation 

Michael 
Hagood 
Program 

Development 
Director 

Center for 
Advanced Energy 

Studies, INL 

Christopher 
C. Deschene 

Director 
DOE Office of 
Indian Energy 

Policy and 
Programs 

OPENING STATEMENTS 

The mission of the Washington Department of Commerce is to build the economy.   It 
houses the state energy office, which is the agency responsible for carrying out 
Washington State initiatives on energy.  The NW is characterized by people who think big 
and think ahead, and by a community that generally supports investments in cleantech.  
We lack the same strong market pull that other regions have, and the result is that we 
develop partnerships quickly in executing some of the challenges we face and we are 
smart and precise about the policies we pursue.  We are very thoughtful about how to use 
state funds so we invest in areas where we have expertise and history.  Washington State 
has made a $76M investment - mostly in a smart grid demonstration program – through 
its Clean Energy Fund (CEF). Grid scale storage received an investment because having 
the ability to store electricity at a utility-scale will reduce the wear on grid hardware.  The 
State of Washington also funded JCDREAM, the Joint Center for Deployment and 
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Research in Earth-Abundant Materials, to ensure our clean energy future is not too reliant 
on rare earth products.   

The Bonneville Power Administration (BPA) is the part of the DOE that markets the 
output of hydropower in the NW.  Its dams are operated by the Army Corps of Engineers, 
and serve as the backbone of the NW region’s high voltage grid to provide reliable, 
affordable power.  The NW region is a leader in energy efficiency.  The first wind boom 
was due to the renewable portfolio standard (RPS).  The addition of 5000 MW of wind 
power on the grid challenged the grid infrastructure, but led to a greater understanding of 
the capacity and integration of renewables on the grid.  BPA also learned a great deal from 
the smart grid demonstration project, particularly that transactive energy is the key to 
understanding energy distribution and how to manage the bulk grid interface.  BPA has 
made $70M of investments over 10 years in technology innovations such as the 
synchrophaser, state awareness software, and processes for managing dynamic loads that 
have paid off in a $280M value to consumers.  An additional $750M/year investment in 
infrastructure is needed to keep it in good shape.  BPA’s focus is on avoiding building 
unnecessary infrastructure by developing non-wired solutions to manage grid congestion 
and stretch existing infrastructure as much as possible. Other challenges BPA faces are in 
salmon restoration and a grid workforce demographic shift that may result in the loss of 
institutional knowledge when the current workforce retires.    

The Quinault Indian Nation, and Indian country in general, is rich in clean energy 
resources – wind, solar and biomass.  The Tribes know that climate change is a huge 
global crisis, which prompted them to participate in COP14 and other discussions about 
climate change.  Specific climate impacts to the Quinault Indian Nation include salmon 
stock reduction due to glacier erosion and ocean encroachment and acidification. The 
Tribes can act as sovereign trade partners which can link domestic industry to 
international markets in unique ways.  An example given was green certified wood, which 
has an international market that domestic companies cannot access due to the U.S. being 
a non-signatory of the Kyoto Protocol.  Another way that the Tribes can facilitate 
international partnerships is through the Forum on Indigenous Peoples.  The Tribes bring 
a different perspective on how to balance our energy needs with protecting the 
environment.  If we draw on all forms of knowledge in NW, the region can lead in the 
clean energy space. 

Montana is rich in wind energy and hydropower.  It holds the largest U.S. recoverable 
reserves of coal, and hosts significant crude oil reserves within the western portion of the 
Bakken oil field.  It maintains four oil refineries and provides electricity to several 
Northwest utilities, including from the Colstrip coal-fired generating plant.  Idaho in-state 
electricity generation is ~85% derived from renewable energy sources (primarily 
hydropower and wind), but imports ~35% of its consumable electricity mainly from coal-
fired power plants located outside the state.  Idaho is also intending to host the first-ever 
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U.S. deployment of a small modular reactor.  For both Montana and Idaho, attention will 
increasingly be paid to energy-water (and food) dynamics and on growing energy 
interdependencies with bordering Canadian provinces.  Borrowing from Montana 
Governor’s energy futures blueprint, the energy landscape in Idaho and Montana “will 
dramatically change, as old paradigms are challenged by new technologies, the cost 
burdens of maintaining aging infrastructure, regional market forces driven by shifting 
customer demand, changing and complex regulatory regimes as well as the consolidation 
and reorganization of markets”.    

Both states are positioned well with clean energy RD&D capabilities to assist in addressing 
this anticipated shift, as well as support overall Northwest energy transitions 
(participating in Northwest clean energy innovation networks).  For example, Montana 
State University hosts one of U.S. DOE’s Energy Frontiers in Research Centers as well as 
maintains the Energy Research Institute.  Idaho, in turn, has located within its boundaries 
the Idaho National “energy” Laboratory (INL) and supports the Center of Advanced 
Energy Studies, a consortium comprising three Idaho universities, the University of 
Wyoming and INL. 

The Office of Indian Energy (OIE) was formed by the 2005 Energy Policy Act for the 
purpose of developing energy policy for the benefit of Indian nations.  The OIE works on 
behalf of 567 recognized tribes and implements initiatives to address tribal issues such as 
poverty, unemployment, and unelectrified homes.  The OIE strategic roadmap for 2025 is 
focused on 3 main areas: deployment, investments, and policy for tribal-public/private 
partnerships.  It has established MOUs with federal agencies, and states to begin 
implementing its strategy.  Work the OIE has done with the National Laboratories shows 
that with just 2% of the land base, Indian tribes can account for 5% of the Nation’s energy.   

DISCUSSION 

Questions asked of the panel were: 

Are there policy levers that can be pulled that can have regional impact? 

When it comes to cleantech there are 2 policy objectives: the reduction of carbon 
emissions and transferring technologies to the market.   It would make sense to have 
multiple states agree on RPS policies for the west coast.  The NW has the ability to capture 
renewables across the region in a way that could compensate for their intermittent nature.  
A revenue-based market for reducing carbon emissions could shift the responsibility for 
managing carbon to individuals.  Voluntary systems would give individuals a chance to 
step up and assist in reducing climate impacts.  Europe has adopted this approach and has 
achieved a 23% reduction of carbon emissions, with a goal of reaching 25% by 2020.   

Research and development work best when they support a solid business model.  The 
RPSs in several states do not qualify hydroelectricity for renewable portfolio investments.  
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However, there is a place to monetize surplus hydroelectricity.  If that excess energy could 
be sold at a cost that incentivizes greater efficiency, it would drive the market.   

Indian tribes need to collaboratively develop policy agendas to present to the Secretary of 
Energy.  Tribal-public-private partnerships and loan guarantee programs could be used to 
fund Indian energy projects which would open up a new dimension of development for 
the Tribes.   

Broader sustainability and systems thinking is part of the NW region’s ethos.  When we 
think of a regional collaboration, it is worth considering who else should be part of a 
regional initiative.  Champions for education should be involved.  It is important that we 
have an educational system that can train the next generation to implement the strategic 
plans that we develop today.  We should give “power to the people” by inviting more 
individuals and communities to be engaged in how they can be generators and participate 
in a transactive world.  It is also imperative to engage industry in this dialogue to get their 
perspective on what we need to succeed and have global reach. 

Of importance to the NW energy dynamic and associated policy making are the 
geopolitical relationships between the less populated NW interior and the growing 
metropolitan centers of the Emerald Corridor; between hydropower rich vs fossil energy 
rich regions.  In addition, it is important to recognize and address policy relationships 
between the Northwest and adjoining Canadian provinces, given the increasing bi-
national regional energy (and water) flows.  The NW clean energy vision also necessarily 
must leverage cross-border energy resources and infrastructure, i.e., electrical 
transmission, pipeline, waterways, rail. 

What other activities can have regional impact? 

There are a number of paths that can be pursued that are aligned with cleaner energy 
futures, including more intense pursuit of deep decarbonization pathways and lessening 
impacts on our water resources.   Key to facilitating cleaner energy transitions and 
enhancing industrial competitiveness is creating partnerships, leveraging NW capabilities/ 
investments and directing them towards concrete actions and measurable impact.  A 
roadmap for focused innovation, with associated metrics is needed, that may be 
constructed working with the appropriate NW stakeholder group.  In addition, we need to 
view the development and use of these resources as part of a greater, more sophisticated, 
integrated and resilient Northwest system that captures the many and increasing 
interdependencies.   

Critical to the maintenance of the Pacific Northwest energy-water-food lifeblood is the 
Columbia River drainage system.  The Columbia-Snake River drainage system underlies 
the bulk of the Northwest’s electrical power production and agricultural sectors.  Potential 
climate change impacts, energy policy and resource demands may contribute to longer-



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 210-20

PAGE 18 

term negative impacts on the region’s hydropower capacity and agricultural economy.  
Given the fundamental importance of this resource to the Northwest there is a need to 
focus on addressing greater stewardship of this resource through advances in energy-
water innovations. 
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Panel 3: Energy Innovation at Northwest Research Institutions  
Panel 3 discussed specific multi-institution research collaborations that exist in the NW 
region today.  The panelists each gave 5-7 minutes of remarks that provided a high level 
overview of the clean energy research that is performed at their institutions, including 
examples of how their institution has teamed with others in the NW region to perform 
clean energy R&D, develop solutions, or transition technologies to the marketplace.  The 
examples they shared included a variety of collaboration approaches spanning 
fundamental research, joint institutes and faculty programs, coordinated infrastructure, 
and testbed demonstrations.     

The panelists are representatives from NW academic institutions or National Laboratories 
with direct experience managing clean energy research programs.  The moderator was 
Malin Young, the Deputy Director for Science and Technology at Pacific Northwest 
National Laboratory.  The four panelists were: 

    

Dan Schwartz 
 Director 

Clean Energy Institute, 
University of 
Washington 

Jud Virden 
Associate Lab Director 

Energy and 
Environment 

Directorate, Pacific NW 
National Laboratory 

Michael Wolcott 
Regents Professor, 
Louisiana-Pacific 

Distinguished Professor, 
and Director 

Institute for Sustainable 
Design, Washington 

State University 

Cynthia Powell 
Chief Research Officer 

National Energy 
Technology Laboratory 

OPENING STATEMENTS 

There is a line of sight connection between the availability of low-cost energy and the 
prevalence of advanced alloys and composites, which have been critical to our aerospace 
and transportation industries. For every 10% reduction in the weight of a vehicle, you gain 
6-8% in efficiency improvements. The NW region has a fundamental strength in 
functional materials which give us the opportunity to make breakthroughs in batteries, 
solar devices, and others. Fundamental science forms the basis for new technologies, such 
as lighting.  LEDs for lighting applications cost 10% what they did just a few years ago 
because of the materials and manufacturing processes that underpin them have advanced 
rapidly. Other examples of technologies with a basis in advanced functional materials are 
catalysis, next-generation communications, batteries and solar cells.  Our region has real 
strength in materials. DOE has funded 2 DOE energy frontier research centers in catalytic 
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materials (one at Montana State and one at PNNL).  New catalytic materials under 
development will eventually replace rare and expensive platinum group metals from their 
prominent role in catalysis stream.  New 2-dimensional conductive materials with 
transformational properties for generating and harvesting light and are going to lead to 
breakthroughs akin to what we have seen with LED lighting.  A key manufacturing 
advance is solutions-processed solar materials, which let devices like batteries and solar 
cells be manufactured in volume, cheaply.  Federal funding remains the foundation for 
fundamental research, and those funds are augmented and enhanced by states making 
contributions that bridge between research and industry. 

The NW region is really clean – we produce gigawatts of hydro and wind power and we 
have one of the smartest grids in the country. The NW combines information and energy 
technologies, drawing on the expertise of companies such Microsoft and Amazon.   The 
NW has the potential to become the scalable clean energy example for the world.  For 
example, Pullman is the smartest smart-grid city in the world, we have tools that enable us 
to see the grid in real time like never before, and we have smart infrastructure throughout 
the region to link things on the edge of our energy system.  Operating at the edge requires 
new solutions for energy storage and for enhancing grid-to-building integration.  The 
interface between buildings and the grid is one of our key challenges, which has motivated 
the campus transactive project to demonstrate what new technologies can be 
incorporated into buildings.  It has been said that Microsoft has this interface figured out, 
but we need to develop small, inexpensive technologies that independent operators can 
use, supported by cloud services provided by companies such as Microsoft and Amazon.  
The next 10 years will all be about data. 

Another area to focus on is transportation. With greater electrification of the light duty 
fleet, more generation requirements will be placed upon our grid.  However, regional 
heavy truck manufacturers such as PACCAR and Freightliner probably won’t be on the 
grid anytime soon and will require a different approach if deep decarbonization of our 
economy is to occur.   To address these challenges, we need to create a regional ecosystem 
that allows universities to perform as world class research institutions, National 
Laboratories to deliver impact, while also promoting economic competitiveness. 

Washington State University (WSU) has launched a new initiative to connect the Energy 
Systems Innovation Center and the Institute for Sustainable Design with industrial 
partners, Avista and Itron, to enable Smart City efforts around the Spokane University 
District in Spokane.  Avista and Itron have 100+ new data nodes deployed around the 
district that includes the WSU Spokane campus, Gonzaga University, Eastern Washington 
University, Whitworth College and adjacent residential and commercial sectors to 
determine how to better control the usage of natural resources (energy, water, etc.) with 
data analytics and improved controls.  The connection between energy consumption and 
water is an important component, especially with the NW region’s focus on agriculture.  
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Forest and agricultural residues and other bioenergy crops can be used for producing 
biofuels and bioproducts, which are critical clean technologies because they’re vital to 
meet our liquid fuel needs. Liquid fuel production from renewable sources is strategic for 
decarbonizing commercial aviation, an area of historic strength in the NW region.  The 
strong regional focus in aviation biofuels has led to several partnerships - one between 
WSU and MIT to lead a new FAA Center of Excellence called ASCENT (alternative jet fuels 
in the environment), and the other between PNNL and WSU to found a joint laboratory 
located at the WSU Tri-Cities campus called BSEL - the Bioproducts, Sciences, and 
Engineering Laboratory. 

The National Energy Technology Laboratory’s (NETL’s) research programs are focused on 
developing and deploying innovative technologies through collaboration and increasing 
industrial engagement to reach the marketplace.  An example is the National Risk 
Assessment Partnership (NRAP) which includes contributions from PNNL and OSU.  
NRAP was developed to deploy user-friendly tools to quantify uncertainties and risks 
associated with the long-term geological storage of CO2. These tools can help assess 
geological sites for long-term storage and evaluate that CO2 is contained with minimal 
environmental impact.  Over its 75-year history, NETL’s Albany, Oregon, Laboratory has 
developed production processes for specialty metals such as titanium and zirconium as 
well as melt process technologies such as VSR and ESR that have enabled the specialty 
metals industry in the NW.  In collaboration with Oregon State, NETL is seeking to 
advance the production of metal parts through advanced manufacturing methodologies 
including 3D printing, to produce complex shapes with the necessary chemistry and 
microstructures.  

DISCUSSION 

Questions asked of the panel were: 

What is the NW region’s “secret sauce” in clean energy? 

The innovation ecosystem in the NW is fairly new.  We are connected internationally; 
working together we have the opportunity to have impact through global markets and 
partnerships.  The energy ecosystem in the NW is a very collaborative group.  We have a 
critical mass of all the pieces you need in a region to do something special.  NW 
universities are both locally and internationally known, the 3 National Laboratories in the 
NW are incentivized to be outwardly focused, and we have a policy and a culture that 
truly wants to develop technologies that create a clean energy future.  That future will be 
about the digitization of energy and the NW has the capabilities to create and scale it for 
the rest of world.  

The NW has tremendous and diverse natural resources. The NW region therefore has the 
potential to be an ideal laboratory for how a diversity of energy systems can be integrated.  
The NW has the perspective to use natural resources in an efficient and wise manner.  We 
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are unique in that we value our natural resources and have respect for the environment 
while also promoting a culture of innovative thinking.  

How can we enhance collaborations among the NW region’s research institutions? 

The NW states have built bridges between pillars of technical excellence and federal 
funding. Federal funding for clean energy must be sustained but we need more bridge 
funding from the states. Our region has already started and should continue thinking 
about how to create stronger investments. There is a direct economic benefit of these 
state-level investments – at UW, 70% of our graduates stay in the state of Washington. 
Part of it is due to the NW quality of life. The students we grow here want to stay and 
contribute to the future of the region. 

We need a research roadmap to unify us around a compelling problem set. What is 
important now is defining what is needed to realize the dream of a clean NW energy 
ecosystem. Coordination of that effort from early stage research through development and 
ultimately through commercialization to the marketplace is critically important.  The 
roadmap needs buy-in from industry and policymakers. All researchers are good at 
optimizing themselves for the worlds they usually live in – the special sauce is when 
industry says “We need researchers to crack the nut on S&T challenges X, Y and Z”.  The 
Smart Grid Demonstration Project is an excellent example. The utilities were clear on 
what they needed to learn and the research community was able to respond.  Federal 
investment is often what brings researchers and industry together to tackle the tough 
challenges.  Providing an incentive to work together combines the strengths of both 
communities and allows for success. 

What barriers currently exist to collaboration?  What suggestions can you provide to 
break down these barriers? 

This NW region could focus on incentivizing collaborations through state-based 
incentives. It would be helpful to combine this focus with an eye toward the next step of 
commercialization.  A sense of common purpose would help us line up and work together.  
The region should make investments in its technical infrastructure. Clean energy is an 
expensive field to move forward and we need specialized facilities to be successful. We 
need to step up the level of coordination around developing our technical infrastructure.  
We are facing a systems engineering problem to optimize and leverage capabilities that 
exist across the region in academia, National Laboratories, and industry.  To do this 
optimization requires leadership. 

  



10-25

PAGE 23 

Panel 4: Industry for Regional-to-Global Impact 
Panel 4 were large regional industry leaders who have played critical roles turning 
research ideas into clean energy products.  The panelists provided a high level 5-7 minute 
overview of their company’s role in the NW region’s clean energy ecosystem, and their 
perspective on opportunities the region can capitalize on to accelerate the innovation 
pipeline.  They provided examples of how they have interacted with other companies, 
universities and National Laboratories in the region to develop products or solutions. 

The 4 panelists represented large NW companies with global reach into clean energy 
sectors ranging from the electric grid, utilities, renewable energy, the internet of things, 
and smart buildings.  The moderator was Jud Virden, the Associate Lab Director for 
Energy and Environment at the Pacific Northwest National Laboratory.  The panelists 
were: 

    

Curt Kirkeby 
Fellow-Technology 

Strategy 

Avista Utilities 

Michael Atkinson 
North American Region 

General Manager 

GE Grid Solutions 

Bert Van Hoof 
Group Program 

Manager 
Microsoft Corporation 

Dave Cuthbert, 
Senior Solutions 

Architect 
Amazon Web Services 

OPENING STATEMENTS 

The NW is very innovative in energy with a focus on the grid and renewable energy 
sources, as shown by the region having the largest capacity flow battery in North America, 
solar farms, and hydroelectric dams.  Avista Utilities always thinks about the future grid so 
it was well prepared to integrate automation as part of the NW Smart Grid Demo, which 
resulted in 2.5 million customer outage minutes avoided while simultaneously increasing 
distribution efficiency.  A public-private partnership (PPP) was formed with collaborators 
at WSU, PNNL, Itron and others which created a large set of partners that are experts in 
the grid.  Avista launched a series of grid improvements on a highly accelerated path due 
to the PNW Smart Grid Demo.  This accelerated advanced meter and automated 
distribution deployment.  This was made possible by a network of collaborations in the 
NW and with the support of public funding.   

GE Grid Solutions is focused on energy innovation, but as a private company it approaches 
innovation differently.  A focused R&D effort is underway at GE to develop smart grid real-
time control systems, which is a global endeavor with a center of expertise and effort in 
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Washington State.   The R&D environment is challenging because the low cost of 
electricity makes it difficult to find solutions that provide a compelling return on 
investment.  An additional layer of complexity is introduced because grid operations and 
infrastructure are managed differently depending on the region.  GE seeks to spur 
innovation based on customer input and through partnerships with academia and the 
National Labs.  Trust, transparency, tenacity and time are required to make partnerships 
work. 

Microsoft is investing in Internet-of-Things (IoT) technologies for smart buildings and 
smart cities.  In 2011, it begin a smart building initiative that created a testbed of 145 
buildings at its Redmond campus.  The initiative integrated 7 building management 
systems and resulted in an energy cost savings of 5-10% in those buildings.  Before the 
initiative, Microsoft was consuming 55 MW per hour so these cost savings were 
significant.  Microsoft has now started deploying this approach in Singapore, and looks to 
smart buildings technologies to improve energy efficiency at its 34 global data centers. Its 
Azure IT suite is growing rapidly and is leading to new analytics tools that push what we 
can do with data in the future. 

Amazon Web Services made a commitment in 2014 to run all of its data centers off of 
renewable energy.  As a result, it located data centers in the Columbia River region in 
order to run them off of hydropower.  Today’s world is highly distributed, so a company 
can’t just have one central datacenter.  This required Amazon to make another 
commitment to become a renewable energy producer for its data centers.  It now has 4 
large scale renewable projects – the Fowler Ridge wind farm which produces ~500 MWh 
per year, a solar farm, and two more wind farms.  Amazon’s renewable energy projects are 
now producing enough power to power a city a little larger than Cleveland.  Despite 
Amazon’s commitment to renewable energy production, it recognizes that it does not 
have all of the expertise needed to be successful, so it works with partners to bring their 
capabilities to bear.  It is seeking to partner with other big technology companies like 
Microsoft, Apple, and Google to bring down data center power footprints. 

DISCUSSION 

Questions asked of the panel were: 

We are seeing a merger of two worlds – power engineering and data analytics.  What will 
things look like 10 years from now?  What would you like it to look like?  What do we need 
to do in the region to make that future a reality? 
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The energy infrastructure of the future will be bidirectional.  The transition to a 
decentralized infrastructure will bring significant challenges as it will break down services 
that utilities have traditionally provided based on a centralized model.  When consumers 
become independent producers, how do they cover the services that a utility has 
traditionally provided?  Will it be possible for consumers to have affordable energy storage 
systems in the home so that they can store and use energy when they want, like a propane 
tank?  We will need an energy infrastructure and service models that will help the utilities 
manage this transition in the future.   

It is important to determine what services mean more to consumers.  A perfect power 
system would consist of microgrids that distribute assets within the grid and allow for 
bidirectional energy flow.  The preferred model would be to deliver KVAs (kilo volt amps) 
not kWh (kilo Watt hours) equitably in a distributed system.  With distributed energy 
resources, the key will be to develop new economic methodologies that capture locational 
resources, or the “uberization” of energy.   

In the future, the core operational infrastructure for buildings will link to smart agents in 
the building.  The smart building, or more generally, smart energy components will be 
considered as integrated components in the future energy system.  Such devices will bring 
physical sensors into data models that will provide new abilities to adapt energy usage to 
building occupants.  Efforts are underway across the energy sector to develop solutions in 
storage, microgrids, and renewables integration.  To help people manage their energy 
consumption, IoT devices will be used to measure more accurately where power is 
used/lost, incorporate machine learning to respond intelligently to inputs and provide 
alerts to consumers about their energy habits. The field of IoT is at an early stage –people 
are not yet sure of its potential.  The concept of ambient intelligence has great upside 
potential but the community is cautious about not having IoT become the “security hassle 
of all things”.   

We are now in a world where every light bulb can be an IP point, or have an integrated 
gunshot detector and alarm.  Companies have evolved from selling light bulbs to 
marketing lighting solutions.  The energy system needs to grow to accommodate the 
connected devices that are being added to the grid, which is now up to 75 billion 
connected devices.  Utilities have embraced “big data” and have avoided outages due to 
new grid analytics control tools, but the decentralization of the future energy system will 
require them to move decision making out to the edge of their energy system.  Connected 
devices are doing analytics now to create “on premise” solutions.  The challenge termed 
“big data” should be called “ambiguous data” because it’s nebulous for R&D and its end 
use is unclear.  It is not productive to move massive amounts of low utility data into the 
cloud.  Ultimately, targeted data will need to be collected to provide customer solutions. 

How do we deal with “the edge” and with the data requirements needed for effective 
electricity distribution? 
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The future energy system will require utilities and potentially customers to install 
diagnostics into the grid in order to feed information to decision points situated in places 
that make sense for the distribution system – perhaps at local centralized stations.  The 
approach needed will vary depending on the structure and operation of the overall system.  
In the design of a distributed system, it is necessary to be careful because a local optimum 
does not often equal a global optimum. 

The next generation of IT carries with it the danger of “splicing of personhood” for 
commercial gain.  Could you discuss privacy and security of data, particularly in energy 
usage? 

Utilities have never sold any customer data.  The data they collect is only for the purpose 
of improving operations.  Utilities have provided usage data to their customers but it 
proved to be of insufficient granularity to be useful in driving consumer decisions.  It is 
possible to protect data if you collect and serve it to customers at the edge in such a way 
that the utility never sees the data.  On the data platform side of the equation, there are 
many approaches to secure data in the cloud and limit a customer’s access to their data 
only.    
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Panel 5: The Innovation Ecosystem - From Research to Startup 
Panel 5 included representatives from NW clean energy startup companies and the patient 
capital community who specialize in longer-term investments and have experience with 
bridging the “valley of death” between research and a commercialized product. This panel 
addressed the needs and opportunities to strengthen the NW region’s energy innovation 
ecosystem at the earliest stages of product development.   Each panelist provided a high 
level overview of his organization, and his perspective on what works well, and what 
doesn’t, in transitioning technologies out of research institutions.  Specific experiences 
were shared regarding partnerships with other institutions in spinning out clean energy 
technologies, or investing in startups that originated in academia or the Labs. 

The 4 panelists represented a range of perspectives from the patient capital community, 
National Laboratory spin-outs, and companies with ties to universities.  They work in 
sectors that span nuclear power, energy storage, and the grid.  Brian Young, the Cleantech 
Sector Lead for the State of Washington, was the moderator.  The panelists were: 

    

Scott Forbes  
Director, Computer 

Science & Engineering 

FedIMPACT 

Rick Luebbe 
Chief Executive Officer 

EnerG2 

Gary Yang 
Chief Executive Officer 

UniEnergy Technologies 

John Hopkins 
Chairman & Chief 
Executive Officer 
NuScale Power 

OPENING STATEMENTS 

FedIMPACT is a patient capital company which invests in the NW region.  FedIMPACT 
works with the National Laboratories to commercialize technologies, for instance 
FedIMPACT has $4M invested in PNNL technologies.  The energy sector is not conducive 
to venture capital due to the high failure rates of startups and the long lead time to 
products due to regulatory constraints.  FedIMPACT is a division of larger parent, 
IPGroup, which is a UK-based company that is partnering with academic institutions, 
such as the UW.  FedIMPACT and IPGroup believe in investing in an innovation 
ecosystem and building a network of relationships that can be leveraged to commercialize 
technologies.  As we think about the energy system of the future, increasingly the 
community talks about data connectivity and integrating systems and not as much about 
traditional challenges such as energy transmission and storage.   
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Energ2 took a circuitous route to success.  It was founded in 2003 with the original intent 
to produce nanostructured carbon for hydrogen storage.  Due to market forces, it pivoted 
in 2004 to natural gas storage and pivoted again in 2005 to develop carbon materials for 
ultracapacitors.  In 2009, Energ2 received ARRA funding to build a factory for the 
production of carbon nanostructures.  The factory was went into production in 2012, and 
can now supply large quantities of battery materials to manufacturers.  Market forces 
required another pivot to producing an additive for lead acid batteries that extends their 
duty cycle for grid applications.  Recently, Energy2 was purchased by BASF and is now 
deploying commercial systems for natural gas storage.   

UniEnergy Technologies (UET) is a local cleantech company focused on delivering large-
scale energy storage solutions for the grid.  There is an increasing demand for the grid to 
be reliable, resilient, flexible and clean.  UET’s product is a system based on a vanadium 
flow battery technology that originated at PNNL. The product is non-flammable and 
therefore inherently safe; it can cycle forever, making its operational life equal to shelf life, 
not cycle life.  Its energy density is lower than alternatives on the market but it is still 
viable for grid applications.  In launching UET, the team did not realize all of the 
challenges up front.  Time and money are the principal challenges - the time-to-product in 
the renewable energy market is 5-10 years.  The long time scale is less attractive to 
investors, therefore companies like UET need support from public funds.  Such support 
from DOE OE and the Clean Energy Fund proved to be critical to developing the largest 
redox flow battery in operation.  UET is currently installing systems in California, New 
York, Italy, Germany, and other locations around the globe.   

NuScale Power started in 2000 with DOE funds with the goal to redesign an advanced 
light water nuclear reactor with safety in mind.  In 2011, a board investment hypothesis 
was presented to Fluor Corporation which resulted in a major investment by Fluor in 2012. 
The DOE held a small modular reactor (SMR) competition, and NuScale Power won.  
Cumulatively, NuScale has received $500M in investments to construct a SMR that 
generates 50MW of electricity and is scaled to be built in a factory.  NuScale Power has 23 
utility partners, and 5 technical advisors (3 of which are from the NRC).  It plans to submit 
a NRC application this year after completing 8 years of testing.  

DISCUSSION 

Questions asked of the panel were: 

What could regional universities and National Laboratories do to make companies like 
yours grow and thrive? 

The NW region has a huge software development community.  The “hackathon”, or rapid 
iteration model, may be a model that would be useful to adopt in specific areas in energy 
such as transactional controls and IoT.  Some startups are working with the National 
Laboratories to get support; for example, in leveraging their supercomputer capabilities.  
It would be beneficial to see more integration of public-private partnerships at the idea 
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stage rather than at higher technology maturity levels in order to get aligned priorities at 
the earliest stages possible.  A program could provide funding to a private entity to give to 
universities or other research organizations, freeing the holder of the funds to direct the 
research in a way that is most commercially viable.  In the U.S., technology 
commercialization is a weak point.  Other countries such as Japan, China and South 
Korea, make big bets on technologies and move quickly.  The Washington State Clean 
Energy Fund is a good example of a model that works to accelerate technology 
commercialization because it supports small companies in bridging the “valley of death” 
from a research prototype to a product.  We need to think globally about technology 
commercialization – we can start in the NW but we have to consider other countries as 
viable markets because they increase the scale of the market space available for new 
technologies.    

Until there is an alignment between the stakeholders in the energy ecosystem and the 
regulatory process, startups will continue to innovate without a path to a commercially 
viable product.  What are your thoughts on how to overcome this challenge? 

This observation is spot on.  A big influence on the success of technology 
commercialization is the price of natural gas.  Companies need to project where gas prices 
are going to be in 2022-3 and invest their time and money accordingly.  Large investments 
are needed to bridge the “valley of death” and weather the fluctuations in the market.   

BASF acquired Energ2 and Duson acquired 1Energy Systems – how important is it for our 
region to mobilize global companies as strategic partners and investors? 

A start up cannot sell battery materials to manufacturers because the supply chain is too 
vulnerable.  BASF was therefore a big factor in Energ2’s success.  We need to find ways to 
pull big companies into the National Laboratories and universities, and into the NW 
region, to accelerate the commercialization of technologies. 

There is a gap between the research community and industry.  It is very difficult for the 
U.S. to compete with Japan and South Korea in battery manufacturing.  If we want to 
compete on the world stage, we need to think about a new model.   
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Leadership Speaker Series – The Future of Clean Energy 
The final session featured three talks by state and federal leaders in clean energy – 
Washington State Governor Jay Inslee, the U.S. Secretary of Energy Dr. Ernest Moniz and 
U.S. Senator Maria Cantwell. 

JAY INSLEE, GOVERNOR (D-WA) 

Governor Jay Inslee spoke of the clean energy sector in the state of 
Washington.  His focus is on building businesses in the state.  He 
knows how important clean energy is, but clean energy solutions are 
opposed by entrenched interests that are interested in maintaining 
their hold on an energy monopoly.  An argument is often made that 
transitioning to clean energy is too costly, but this is “bunk”.   The 

smartest minds know that the pace of technology innovation far exceeds predictions. 
Another argument is that moving to clean energy will have a negative impact on jobs and 
the economy.  Currently, the clean energy sector employs 90,000 people in Washington 
State, and the number of jobs will only grow.  Clean energy jobs are growing at 9.7% per 
year in the transit and green energy sectors.  The West Coast collaborative is the 8th 
largest economy in the world and Washington’s economy in particular is booming; it is in 
the top 5 states in job growth.  So the bottom line is “embrace clean energy and get a great 
economy”.   

The state’s cleantech economy has increased 20% since 2010.  We know we can build on 
our historic base in hydropower with intellectual power.  Governor Inslee’s very first 
priority as governor was to establish a Clean Energy Fund to invest in technologies that 
save energy, cut energy costs and create jobs.  One hundred million dollars have been 
secured which have leveraged $200M in private funds to produce clean energy 
technologies.  Two companies funded through the CEF have secured major new 
investment funding.  In the second round of CEF funding, investments made will go 
beyond batteries to microgrids and the transactive grid.  Governor Inslee announced five 
CEF awards to Washington utilities – Avista, Seattle City Light, Orcas Power and Light, 
Snohomish County Public Utility District and Energy Northwest.  

DR. ERNEST MONIZ, U.S. SECRETARY OF ENERGY 

Secretary Ernest Moniz shared his perspective on DOE activities in the 
NW region which include the National Laboratories NETL, INL and 
PNNL, Hanford, and Bonneville Power.  He thanked Senator Cantwell 
for her invitation and commended her leadership in advancing 
regional approaches to innovation and for looking carefully at the 
QER to advance recommendations into law.   

DOE is participating in Mission Innovation – which is a commitment made by 20 
countries and the E.U. to double funding for clean energy R&D over the next 5 years.  It is 
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important to connect to investable opportunities to accelerate the clean energy 
transformations needed to meet our climate goals.  A path to do so is through regional 
teams; the Presidential budget request included a $110M proposal to fund up to 10 regional 
innovation partnerships which can take advantage of the specific resources and tools each 
region has to offer.  This workshop is one of a number of forums that have been held 
across the country to discuss regional approaches and the message that have come out of 
these meetings is that regions are focused on different things.   

Mission Innovation is the culmination of a year of focused effort by the DOE and the 
Obama Administration to put innovation at the center of the climate challenge.  The 
result was the first Innovation Day, featured at COP21.  It is clear that the pace of 
innovation needs to be picked up and scaled up.  In June 2016, at the Clean Energy 
Ministerial, the E.U. was added to the original Mission Innovation group of 20 countries.  
These 20 countries and the E.U. will start with $15B of energy R&D funding with the plan 
to double that to $30B in 5 years.  It would be ironic if the rest of the group move forward 
and U.S. does not.  The DOE and Administration are working with Congress to achieve 
this 5 year goal.  The President requested a 20% increase, despite the flat budget.  
Although the Mission Innovation allocation wasn’t made, it received strong bipartisan 
support for the innovation agenda.  Senator Cantwell introduced language to authorize 
the clean energy innovation partnerships, and it passed in this year’s budget process. 

When a substantial increase in the budget is requested, the question often is asked if there 
is the capacity to absorb the additional resource allocation.  In this case the answer is 
“yes”.  An example of a similar initiative is ARPA-E, which was established in 2009.  ARPA-
E has funded 200 projects as of the end of last year, which have produced 36 companies 
and 10 commercial products on the market.  Intermediate metrics show it to be very 
successful, despite the fact that it was funded at 25% of the target funding recommended 
by a National Academy of Science study.  The demand for ARPA-E funding is high - just 
over 2% of proposals were funded so it is very likely we’re leaving a lot of innovation on 
the table.   

In parallel with the announcement of Mission Innovation, Bill Gates announced the 
formation of the Breakthrough Energy Coalition.  He pulled together a group of 28 
investors from 10 countries to support innovation in the Mission Innovation countries.  
The BEC is planning to begin making investments late in calendar year 2016.   

It is the role of governments to open up the innovation pipeline by buying down the R&D 
risks.  To move forward on the Paris agreement this year, we will need 55 countries that 
emit 55% of GHG emissions to sign up.  Innovation is central to our agenda.  We need 
policy innovation as well - it needs to go hand in hand with technology in order to achieve 
our clean energy goals.  A credible scenario for reaching deep decarbonization needs 2 
common elements – success on the demand side (e.g. energy efficiency) and a 
decarbonized electricity sector.  We need an economy-wide decarbonization of our energy 
system, including buildings, transportation and industry.  Electricity will not be the only 
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answer, we need innovations in low carbon fuels as well, particularly aviation.  We need to 
think about the whole energy portfolio in achieving our climate goals and look at really 
tough problems such as negative carbon technologies.  It’s time to open our intellectual 
aperture and drive toward a really aggressive portfolio with a timescale of 30-40 years.  As 
the NW is an innovation center in the energy space, Secretary Moniz is looking for this 
region to be a big player.   

Questions asked during the question and answer period were: 

The NW is a special region – there are remarkable philanthropic efforts ongoing in the 
NW – what is the potential to attract philanthrophic efforts to the energy sector? 

After the Paris Agreement, philanthropists are making approaches to engage but those 
engagements are currently at very early stages.  The Bullitt Center resulted from the Living 
Building Challenge and represents an example of how philanthropy can get involved in 
energy initiatives.  Prizes such as the XPRIZE are another way.  The key is leverage as 
philanthropic dollars can be used to leverage other investments.   

Increased speed and scale are needed to win the battle against climate change.  If you 
were able to take what we’re doing and scale it to what’s needed, what would be your blue 
sky approach to make this change happen at the speed and scale needed? 

If you take the Paris goals as an intermediate step, it is a big first step.  In terms of the 
technology space, we have the tools at hand to meet the 2025 goals.  However a 25% 
reduction in carbon emissions is very different than an 80% reduction.  Our success will 
have to come from a synergy between the innovation agenda and policy.  On policy, we 
will need an economy wide approach, such as carbon pricing.  We also need tools to help 
us accelerate innovation – some options are through the tax code or the DOE loan 
program.  The loan program has played a major role in kickstarting utility scale 
photovoltaics.  Five companies were started initially, and now 30 more are coming on line 
without federal support.  We also need to invest in rebuilding our energy infrastructure.  A 
little money has to be spent upfront to make money and clean up the environment. 

MARIA CANTWELL, U.S. SENATOR (D-WA) 

Senator Maria Cantwell discussed innovation priorities for the NW 
region.  She began by discussing the energy bill - the first in 8 years - 
that is currently in conference.  It includes a $1B increase in DOE 
science funding over the next five years, motivated in part by the 
challenges posed by decarbonization of the economy and 
cybersecurity.  As we continue to diversify and electrify our economy 
we need to invest in cybersecurity.   

Energy innovation is much about software as it is about the physical infrastructure.  
Mission Innovation should accept this challenge and create programs in smart buildings 
and carbon fiber recycling.  Boeing is bringing back airplane parts manufacturing to 
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Washington and it wants to work with recycled carbon fiber to drive down its 
manufacturing costs. Port Angeles has been given the responsibility to figure out how to 
do this nationwide.  Smart buildings can potentially save 40% of the energy we spend on 
buildings; it is possible to achieve greater energy savings from smart building technologies 
supported by the current energy bill than from the CAFE standards established by the last 
energy bill.  Senator Cantwell called on the workshop attendees to act as an ecosystem to 
support the bill and its efforts to support energy research.   

She then spoke about Bill Gates and the Breakthrough Energy Coalition’s intent to invest 
in early stage clean energy innovations.  A barrier faced by the BEC is that they want to see 
that the U.S. Congress is committed to funding the level of innovation called for by 
Mission Innovation.  The BEC’s view is that other countries will not invest if the U.S. does 
n0t lead.  Members of Congress must be convinced that regional innovation can make a 
difference in our economy.  Washington State is committed to Mission Innovation – it is 
time for the rest of the country to wake up and realize the advantages of a clean economy. 
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Workshop Summary 
The Northwest (NW) Regional Clean Energy Innovation Partnership Workshop was 
hosted by the University of Washington on Monday, August 15, 2016.  The workshop 
brought together ~120 participants from regional universities, National Laboratories, 
industry, state and federal stakeholders, non-profit organizations and the investment 
community to focus on the future of clean energy in the NW.   The workshop was 
designed to explore how the regional innovation ecosystem can accelerate the 
development of emerging clean energy technologies and stimulate economic 
development.  

The event featured presentations by U.S. Secretary of Energy Ernest Moniz, U.S. Senator 
Maria Cantwell, Washington State Governor Jay Inslee and U.S. Representative Derek 
Kilmer.  Five panels were held during the day with representatives from different elements 
of the NW clean energy ecosystem, including universities, National Laboratories, large 
and small companies, non-profits and patient capital investors. 

Several themes emerged from the discussions and presentations that took place during the 
workshop.  The NW region: 

• Is a natural “all-of-the-above” energy testbed for a deeply decarbonized economy.   
• Is a leader in energy efficiency, making efficiency the second largest resource for 

the region after hydropower.   
• Has been a leader in developing and deploying smart grid technologies to increase 

grid flexibility, reliability, resiliency and cyber security.  
• Is integrating core competencies in smart grid and smart building concepts with 

the internet of things (IoT) to fully realize the benefits of an electricity system that 
can enable deep decarbonization.   

• Has a robust clean energy innovation ecosystem.   
• Brings a mature and diverse perspective to the conversation about how best to 

balance trade-offs between clean energy and protecting the environment.   
• Enjoys broad community support for clean energy.  
• Is a clean energy gateway to Asia and to/from Canada.    
• Would benefit from the development of a clean energy innovation roadmap.   

A group of regional research and business stakeholders who participated in the workshop 
have committed to collaborate in developing this NW regional roadmap for clean energy 
innovation. 
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Appendix A – Workshop Agenda 

Mission: Innovation

Northwest Regional Clean Energy Innovation
Partnership Workshop
 

The Lyceum, Husky Union Building 

University of Washington, Seattle 

August 15, 2016 
 
 

Agenda  

 
7:30 - 8:00 a.m.      Registration 
  
8:00 - 8:05 a.m. Welcome  
    

Gerald Baldasty 
Provost, University of Washington 

 
8:05 - 8:15 a.m. Mission: Innovation 

 

Mary Lidstrom --Introduction by Jerry Baldasty  
Vice Provost for Research, University of Washington  

 
8:15 - 8:35 a.m. The Northwest as a Clean Energy Leader 
    

Derek Kilmer --Introduction by Mary Lidstrom 
U.S. Representative, State of Washington 
 

Daniel T. Schwartz – introduction by Mary Lidstrom 
Director, Clean Energy Institute 

    
8:35 - 8:45 a.m. Emerging Opportunities & Challenges for Clean Energy 
    

Thomas J. Ranken -- introduction by Dan Schwartz 
President and Chief Executive Officer, CleanTech Alliance 
 



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 210-38

PAGE 36 

8:45 - 9:45 a.m.    Panel 1: Emerging Opportunities to Accelerate Clean Energy 
 

Moderator:  Thomas J. Ranken 
President and Chief Executive Officer, CleanTech 
Alliance 

 

Panelists:  Steve Ashby 
Director, Pacific Northwest National Laboratory 
 

Kelly Beierschmitt 
Chief Research Officer, Idaho National Laboratory 
 

Grace Bochenek 
Director, National Energy Technology Laboratory 
 

Cynthia Sagers 
Vice President for Research, Oregon State University 
 

Chuck Staben 
President, University of Idaho 

    
9:45 - 10:00 a.m. Break  
 
10:00 - 11:00 a.m. Panel 2: Policies and Activities to Accelerate Regional Leadership 

 

Moderator: David Kenney -- introduction by Dan Schwartz 
Director, Oregon BEST  
 

Panelists: Brian Bonlender 
Director, Washington State Department of 

Commerce 
 

Christopher C. Deschene 
Director, U.S. Department of Energy Office of Indian 
Energy Policy and Programs  
 

Michael Hagood 
Program Development Director, Center for Advanced 
Energy Studies and Idaho National Laboratory 
 

Fawn Sharp 
President, Quinault Indian Nation 

 

Elliot Mainzer 
Administrator, Bonneville Power Administration  
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11:00 a.m.- 12:00 p.m. Panel 3: Energy Innovation at Northwest Research Institutions 
     

Moderator:   Malin Young  -- introduction by Dan Schwartz 
Chief Research Officer, Pacific Northwest National 

Laboratory 
 

Panelists:  Cynthia Powell 
Chief Research Officer, National Energy Technology 
Laboratory 
 

Daniel Schwartz 
Director, Clean Energy Institute, University of 
Washington 
 

Jud Virden 
Associate Laboratory Director — Energy & 
Environment,  
Pacific Northwest National Laboratory 
 

Michael Wolcott 
Regents Professor, Louisiana-Pacific Distinguished 
Professor, and Director, Institute for Sustainable 
Design, Washington State University 

 
12:00 - 1:00 p.m.   Lunch   
 
1:00 - 2:00 p.m.     Panel 4: Industry for Regional-to-Global Impact 
 

Moderator:   Jud Virden-- introduction by Dan Schwartz 
Associate Laboratory Director — Energy & 
Environment,  
Pacific Northwest National Laboratory 
 

Panelists: Michael Atkinson 

North American Region General Manager, GE Grid 
Solutions 

 

Curt Kirkeby 
Fellow Technology Strategy, Avista Utilities  

   

Bert Van Hoof 
Group Program Manager, Microsoft Corporation 
Dave Cuthbert 
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Senior Solutions Architect, Amazon Web Services 
 
2:00 - 2:15 p.m.     Break 
  
2:15 - 3:15 p.m.   Panel 5: The Innovation Ecosystem - From Research to Startup 

 

Moderator:   Brian Young-- introduction by Dan Schwartz 
Director, Economic Development for the Clean 
Technology Sector, State of Washington 

 

Panelists: Scott Forbes 
Director, Computer Science & Engineering, 
FedImpact 
 

John Hopkins 
Chairman and Chief Executive Officer, NuScale Power 
 

Eric “Rick” Luebbe 
Chief Executive Officer, EnerG2 

   

Gary Yang 
Chief Executive Officer, UniEnergy Technologies 

    
3:15 - 5:00 p.m.     Leadership Speaker Series – The Future of Clean Energy 
                              

Jay Inslee –Introduction by Steve Ashby 
Governor, State of Washington  
 

Ernest J. Moniz—Introduction by Grace Bochenek  
U.S. Energy Secretary  
Q&A moderated by Jaime Shimek 
 

Maria Cantwell--Introduction by Dan Schwartz 
U.S. Senator, State of Washington  
 

 
5:00 - 7:00 p.m.     Reception 
 

   University of Washington Club, Yukon Pacific Room 
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Appendix B: Workshop Participants  
  

Name Title Organization 

Aaron Feaver CTO EnerG2 
Alvin Kwiram Vice Provost Emeritus University of Washington 
Amy Lientz Director, Partnerships, 

Engagement, Tech. Transfer 
Idaho National Laboratory  

Ann Goos Strategic Communications 
Specialist, Government Relations & 
External Affairs and University 
Communications 

Washington State University 

Austin Wright-Pettibone Regent University of Washington 
Benjamin Rushwald Director of Technology Innovation 
Bert Van Hoof  Microsoft 
Bob Kirchmeier   
Brad Cebulko Energy Policy Advisor Washington Utilities and 

Transportation Commission 

Brenda White Government Relations  Snohomish PUD 
Brian Bonlender Director WA Department of Commerce 
Brian Polagye Director of UW Node NW National Marine Renewable 

Energy Research Center 
Brian Young Governor's Clean Tech Sector Lead Washington 
Bryce Yonker Executive Director Smart Grid Northwest 
Cameron Fisher Principal - Aquatic Sciences 48 North Solutions, Inc. 
Chris Ajemian Principal Chris Ajemian Consulting 
Chris Davis Gov. Inslee's office  State of Washington 

Chris Mulick Director of State Relations Washington State University 
Christopher C. Deschene Director DOE Office of Indian Energy Policy 

and Programs 
Chuck Hersey Forest Health Planner WA DNR 
Chuck Staben President University of Idaho 
Curt Kirkeby Fellow-Technology Strategy Avista Utilities 
Cynthia Powell Deputy Director for Science & 

Technology 
National Energy Technology 
Laboratory 

Cynthia Sagers VP of Research Oregon State University 
Dan Schwartz Director, CEI UW 
Daniel Malarkey Vice President, Business 

Development and Public Policy 
1EnergySystems 

Dave Curry Board Chairman Demand Energy 
Dave Cuthbert  Amazon 
David Ginger Kwiram Professor of Chemistry and 

Associate Director 
Clean Energy Institute 

David Kenney CEO Oregon BEST 
David McCaughey  ESCO Industry 
Derek Kilmer Representative  US House of Representatives 
Devin MacKenzie WRF Professor University of Washington 
Elliot Mainzer Administrator Bonneville Power Administration 
Emily Abdon Video Producer UniEnergy Technologies 
Eric "Rick" Luebbe CEO EnerG2 
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Erick Flieger EED Manager Pacific Northwest Site Office 
Erin Bennett Video Producer UniEnergy Technologies 
Fawn Sharp President Quinault Indian Nation 
Gary Yang CEO UET 
Gerald Baldasty Provost University of Washington 
Glynda Becker Director of Federal Relations Washington State University 
Grace Bochenek Director National Environmental Technology 

Laboratory 
Holly Bentz Engineering Staff Officer  
Hugh Hillhouse Rehnberg Professor of Chemical  University of Washington 
Jack Faris Council Chairman Clean Energy Institute 
Jaime Shimek Director, Federal Affairs Pacific Northwest National Laboratory 
Janet Nelson VP for Research and Economic 

Development 
University of Idaho 

Jay Inslee Governor Washington 
Jay Kimball Managing Director Orcas Power & Light 
Jeff Canin Fund Manager Element 8 
Jerry Seidler Professor University of Washington 
Jessica Matlock Director, Government Relations Snohomish County PUD 
Jill Aronson Pfaendtner Assistant Director Clean Energy Institute 
Jill Brandenberg Manager PNNL 
John Gibson Manager Distribution System 

Operations 
Avista 

John Hopkins CEO NuScale Power 
John Plaza CEO Kopius Energy Solutions 
John Reagh Managing Director Washington Research Foundation 
Jud Virden ALD, Energy and Environment PNNL 
Jun Liu Program Director and Laboratory 

Fellow 
PNNL 

Karen Blasdel Manager, Community Affairs Pacific Northwest National Laboratory 
Keith Phillips Gov. Inslee's office State of Washington 

Kelly Beierschmitt CRO INL 
Kimberly Rasar  DOE 
Lars Johansson Manager Element 8 
Lilo D. Pozzo Associate Professor University of Washington 
Lisa Graumlich Dean & Professor UW College of the Environment 
Malin Young CRO PNNL 
Marcia Burkey SVP TerraPower 
Marcia Garrett Director of Regional Relations Washington State University 
Marco Lowe Vice President Enwave Seattle 
Maren Disney Communications Specialist Pacific Northwest National Laboratory 
Maria Cantwell US Senator Washington 
Maro Imirzian Partner Pathbridge Associates 
Mary Lidstrom VP for Research University of Washington 
Michael Bragg Dean of Engineering University of Washington 
Michael Lakeman Associate Technical Fellow and 

Biofuel Regional Director 
Boeing 

Michael Marchand   
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Michele Miranda Federal Government Affairs 
Manager 

Portland General Electric 

Mike Atkinson Grid Solutions General Electric 
Mike Hagood Director, Program Development INL and Center for Advanced Energy 

Studies 
Mike Wolcott Regents Professor 

Louisiana-Pacific Distinguished 
Professor and Director, Institute 
for Sustainable Design 

Washington State University 

Norma Smith Representative WA House of Representatives 
Paula Linnen Director, External Relations Pacific Northwest National Laboratory 
Peter Moulton Alt Fuels & Vehicles/Bioenergy 

Coordinator 
Washington State Dept of Commerce 

Peter Vierthaler Manager Northwest Partners 
Philip Jones Commissioner WUTC 
Phillip Stevenson General Manager PACCAR 
Renee Gastineau Business Development Analyst UniEnergy Technologies 
Rick Gustafson Professor University of Washington 
Robin Rego Manager, Generation Project 

Development 
Energy NW 

Roger Snyder Site Office Manager Pacific Northwest Site Office 
Ron Stimmel Sr. Manager Amazon Global Renewable Energy 

Strategy 
Ross Macfarlane Former Senior Advisor Climate Solutions 
Russ Weed VP Business Development UniEnergy Technologies 
Sam Ricketts Director, Washington Office State of Washington 
Sanjay Kumar Tech Entrepreneur and Investor  
Sarah Castro  University of Washington 
Scott Forbes Director, Computer Science & 

Engineering 
FedIMPACT 

Scott Gibson Principal Engineer Snohomish PUD 
Scott Harden Principal, Industrial IoT OSI Consulting 
Sean James Tech Research Program Manager Microsoft 
Shaun Taylor Education Director Clean Energy Institute 

Steve Ashby Lab Director PNNL 
Steve Hoberecht  Montana State University 
Steven Gottlieb   
Suresh Baskaran Chief Science and Technology 

Officer, Energy and Environment 
Directorate 

Pacific Northwest National Laboratory 

Tammie Borders Business Development INL and the Center for Advanced 
Energy Studies 

Tara Lee Gov. Inslee's office State of Washington 

Terry Oliver Chief Officer of Tech Innovation Bonneville Power Administration 
Thomas Ranken Executive Director CleanTech Alliance 
Todd Currier Assistant Director Washington State University Energy 

Program 

Tony Usibelli Spec. Asst. for Energy and Climate WA State Dept. of Commerce 
Toya Beiswenger Scientist PNNL 
Uzma Siddiqi Principal Engineer, Innovation Seattle City Light 
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Wei Hibeln Consultant Demand Energy 
Yi Liu Deputy Director Energy Internet Research Institute, 

Tsinghua University 
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Appendix C: Washington State Energy Profile 
Source: U.S. Energy Information Administration 

WASHINGTON QUICK FACTS 

• Washington leads the nation in electricity generation from renewable resources. The state 
generates more than three-fourths of its electricity from renewable resources, 
predominantly hydroelectric power, and it produces about one-sixth of the electricity 
generated nationwide from these resources.

• Net electricity generation exceeds retail electricity sales in Washington. The state is an 
exporter of electricity to the Canadian power grid and supplies U.S. markets as far away as 
California and the Southwest.

• The Grand Coulee Dam on Washington's Columbia River is the largest hydroelectric power 
producer in the United States, with a net summer generating capacity of 7,079 megawatts.

• In 2014, Washington was the leading producer of electricity from hydroelectric sources and 
produced 30% of the nation's net hydroelectricity generation.

• Although not a crude oil-producing state, Washington ranked fifth in the nation in crude 
oil-refining capacity as of January 2015.

• Washington ranked 10th in the nation in net generation of electricity from wind energy in 
2014.

• In 2014, Washington had the lowest average residential retail electricity prices in the nation 
and the lowest average combined retail electricity price across all sectors.

OVERVIEW
 
Washington's economy developed around the fishing and logging industries during the 19th 
century.1 The state's industrial base has expanded with increased access to abundant and affordable 
energy.2,3 Energy resources in Washington include little in the way of fossil fuels;4,5 however, the 
state is the crude oil refining center for the Pacific Northwest.6 Washington's greatest energy 
supply comes from its significant renewable energy resources, especially hydroelectric power.7,8 The 
state's climate ranges from the rainforest in the extreme western part of Washington, where the 
heaviest precipitation in the continental United States occurs, to near desert conditions in areas 
east of the Cascade Range.9 Washington's western forests provide ample biomass, and many areas 
of the state are conducive to wind and geothermal power development.10,11,12  
 
Washington is a leader in the energy-intensive forest products industry and the transportation 
equipment manufacturing industry.13 The industrial sector and the transportation sector each 
consume almost three-tenths of the total energy used in the state.14 The residential sector accounts 
for only about one-fourth of the state's total energy consumption, in part because Washington's 
more densely populated areas are west of the Cascade Range where the summers are cool and 
comparatively dry, and the winters are mild.15,16,17 Overall energy consumption in Washington is 
well below the national median on a per capita basis, and electric power generation in Washington 
exceeds the state's needs.18,19 

PETROLEUM 
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Early oil exploration activity in Washington was largely unsuccessful. Only small amounts of oil 
were found, and no oil production has been reported since the early 1960s.20 Nonetheless, 
Washington is a principal refining center serving Pacific Northwest markets.21 The five refineries in 
Washington receive crude oil supplies primarily from Alaska by tanker.22,23 However, Alaskan 
production is declining, and Washington's refineries have become increasingly dependent on crude 
oil from other sources. In addition to imports from Canada and other countries, all five refineries 
are now receiving or plan to receive crude oil by railcar from the Bakken shale formation in North 
Dakota.24,25,26  
 
Motor gasoline accounts for nearly half of Washington's consumption of petroleum products.27 The 
use of oxygenated motor gasoline is required throughout the state.28 Motor gasoline is produced at 
Washington's five oil refineries. The largest oil refinery in the state can process about 225,000 
barrels of crude oil per calendar day. The other four refineries each process between about 40,000 
and 145,000 barrels of crude oil per day.29,30,31,32,33 Some refineries produce CARB (California Air 
Resources Board) motor gasoline, as well as conventional motor gasoline.34 Most of these refineries 
also produce jet fuel. Washington is among the top 10 states in the nation in jet fuel 
consumption.35,36 Several large U.S. Air Force bases and U.S. Navy installations located in the state 
contribute to the considerable amount of jet fuel consumed.37  

NATURAL GAS 

A small amount of natural gas was produced in south-central Washington in the mid-20th century, 
but there has not been any production in the state since then. Exploration wells drilled in the state 
have resulted in the development of Washington's only natural gas storage field.38 Because 
Washington has no natural gas production, the state relies heavily on natural gas produced in 
Canada that is transported by pipeline to U.S. markets.39 The Sumas Center, in Canada, near the 
border between Washington and British Columbia, is the principal natural gas trading and 
transportation hub for the U.S. Northwest.40 The Northwest Pipeline system supplies natural gas to 
markets in western Washington,41 and the Gas Transmission Northwest Pipeline enters the state 
from Idaho, bringing Canadian natural gas to the eastern part of Washington.42,43 More than three-
fifths of the natural gas entering Washington flows south to Oregon and beyond.44  
 
The residential sector is typically the leading natural gas-consuming sector in Washington, 
followed closely by the industrial sector. Occasionally the electric power sector consumes the 
largest share.45 More than one-third of Washington households use natural gas as their primary 
energy source for home heating.46  

COAL 
 
Washington's last remaining coal mine was closed in 2006.47 The mine had provided most of the 
coal used at the large coal-fired power plant in Centralia, Washington.48 Fuel for the Centralia 
power plant is now delivered by train from the Powder River Basin of Wyoming and Montana.49 
Small amounts of coal are delivered to industrial facilities in the state.50 Large amounts of western 
coal are shipped by rail through Washington's Seattle Customs District, the fifth-largest coal export 
center in the nation and the largest on the West Coast, on the way to Canada for export to Asia.51 
Several proposals for the construction of coal export terminals in Washington have been made, but 
only two are still under consideration-one in Bellingham, Washington and one in Longview, 
Washington.52  

ELECTRICITY 
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Washington is the leading U.S. producer of hydroelectric power, routinely contributing more than 
one-fourth of the nation's total net hydroelectric generation.53 Eight of the state's 10 largest power 
plants are hydroelectric facilities,54 and most of them are located on the Columbia River.55 The 
largest hydroelectric facilities in Washington are, at more than 60 years of age, among the oldest 
generating facilities in the nation.56,57 Federal entities built and continue to own or operate the 
largest hydroelectric facilities in Washington.58 The Bonneville Power Administration, one of four 
federal power marketing administrations,59 is the marketer of electricity produced at the federal 
dams in the state.60 Hydroelectric power accounts for about seven-tenths of Washington's 
electricity generation and dominates the state's electricity market, providing abundant and 
relatively inexpensive electricity.61,62 

 
Natural gas-fired power plants, the state's one nuclear power plant, wind turbines, a single coal-
fired power plant, and, to a lesser extent, biomass, account for almost all of Washington's 
remaining net electricity generation.63 The state's two largest nonhydroelectric power plants by 
capacity are the coal-fired power plant and the nuclear generating station.64 Washington's one 
large coal-fired power plant generates enough electricity each year to supply a city about the size of 
Seattle. The site's two coal-fired units are scheduled to be decommissioned, one in 2020 and the 
other in 2025, as part of a plan to reduce emissions.65,66 Conversion of the units to natural gas or 
construction of a new natural gas-fired power plant at the site is being considered.67 Nuclear power 
provides less than one-tenth of Washington's net electricity generation.68 The state's only nuclear 
power plant, the Columbia Generating Station, is located near the Columbia River in the south-
central part of the state on the U. S. Department of Energy's Hanford site.69  
 
Net electricity generation exceeds retail electricity sales in Washington. The state is an exporter of 
electricity to the Canadian power grid and supplies U.S. markets as far away as California and the 
Southwest.70,71 Large amounts of cheaply produced hydroelectric power leave Washington via the 
Western Interconnection, which runs from British Columbia and Alberta, Canada through 
Washington and Oregon to southern California and the northern part of Baja California, Mexico. 
The entire system covers all or parts of 14 states.72 Because of the relatively low operating costs of 
hydroelectric power generation, Washington's average retail electricity prices are the lowest in the 
nation.73 More than half of all Washington households are heated with electricity.74  

RENEWABLE ENERGY  
 
Washington leads the nation in electricity generation from renewable resources.75 The state 
generates more than three-fourths of its electricity from renewable resources, predominantly 
hydroelectric power, and it produces about one-sixth of the electricity generated nationwide from 
these resources.76 Some renewable resources provide energy in forms other than electricity, such as 
the wood used in wood stoves.77 When these other types of energy are included, renewable 
resources account for more than nine-tenths of Washington's total overall energy production.78  
The Columbia River, second only to the Mississippi River in the volume of its flow, enters 
Washington near the state's northeastern corner and flows in an arc through the eastern half of the 
state, before forming much of the boundary between Washington and Oregon. Draining all of 
eastern Washington and the western slopes of the Cascade Range south of Mt. Rainier, the river 
provides water for vast hydroelectric projects.79 The Grand Coulee Dam on Washington's Columbia 
River is the largest hydropower producer in the United States. The dam's power plant is the 
nation's largest electricity generating facility of any kind when measured by capacity. 80  
 
Although nonhydroelectric renewable energy sources provide less than one-tenth of Washington's 
net electricity generation,81 the state is among the top 10 in electricity generation from these 
resources.82 Washington's more than 3,000 megawatts of installed capacity make wind energy the 
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second-largest contributor to the state's renewable generation after hydropower.83,84 Washington's 
first utility-scale wind project came online in 2001, and development of resources along the 
Columbia Gorge, a high wind resource area, has continued in recent years.85 Washington is also a 
substantial producer of energy from wood and wood waste, 86 and the state accounts for almost 3% 
of the nation's net electricity generation from biomass.87 Mountainous areas throughout the state 
and a major portion of the lowlands west of the Cascades are covered by timber.88 Despite the large 
biomass resource, Washington generates more than four times as much electricity from wind as 
from biomass.89,90 
 
Washington has both low- and high-temperature geothermal resources, primarily in the Columbia 
Basin and in the southern Cascade Range.91,92 Although low-temperature geothermal resources do 
not have a large impact on the energy economy as a whole, they have direct-use applications, such 
as heating buildings, greenhouses, and water, and for use in geothermal heat pumps. More than 
900 low-temperature geothermal wells have been drilled in the Columbia Basin. Undeveloped high-
temperature geothermal areas in Washington's volcanic Cascade Range have an estimated electric 
potential of up to 300 megawatts. If fully developed, it is estimated that this 300-megawatt 
potential could produce about 2.5 billion kilowatthours of electricity per year, enough to provide 
electricity to more than 265,000 average U.S. homes.93  
 
Washington has several programs focused on energy independence, energy conservation, and 
energy efficiency. The state provides incentives for investment in production and distribution 
facilities for biofuels created from agricultural product wastes from Washington's almost 15 million 
acres of farmland and for electricity generation from anaerobic digestion.94,95 Facilities in 
Washington have the capacity to produce more than 100 million gallons of biodiesel per year.96 The 
state's Energy Independence Act, enacted in 2006, seeks energy independence for Washington, and 
the Pacific Northwest region as a whole, through increased energy conservation and through the 
use of appropriately sited renewable energy projects.97 The act requires utilities with at least 25,000 
retail customers to obtain 15% of their electricity from qualified new renewable resources by 2020 
and to undertake cost-effective energy conservation.98,99 In 2005, Washington became the first state 
in the country to adopt high-performance green buildings standards for new state-funded 
buildings. 100  

ENERGY ON TRIBAL LANDS 
 
Washington is 1 of 14 states with more than 100,000 Native American residents.101 The 29 federally 
recognized tribes in the state have more than 2.5 million acres of tribal land.102,103,104 Like much of 
Washington, tribal lands in the state have substantial renewable resource potential. Hydropower, 
biomass, and geothermal energy are abundant. The largest reservation in the state, the Colville 
Reservation, is working on creating a reservation-wide tribal utility that will use distributed 
generation and renewable energy projects to support the tribal goals of self-reliance and 
environmental sustainability.105 Land that was once part of two Washington reservations, the 
Confederated Tribes of the Colville Reservation and the Spokane Tribe Indian Reservation along 
the Columbia River, is now the site of Grand Coulee Dam.106 Smaller hydroelectric projects on tribal 
lands in Washington include power generated from water flowing in the Wapato Irrigation Project 
canals on the Yakama reservation.107 Hydropower generation potential on the Yakama reservation, 
the second-largest reservation in the state, is among the highest of any reservation in the nation.108 
The Yakama tribe is also investigating opportunities to use its solar and woody biomass 
resources.109,110  
 
Washington tribal lands also have substantial biomass and geothermal resources. The Yakama and 
Coeur d'Alene tribal lands of Washington are among the top five reservations in the nation in their 
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potential for electricity generation from solid biomass.111 The Quinault Indian Nation on 
Washington's Pacific Coast has abundant woody biomass and is working toward using it for heat 
and energy through the development of wood pellet manufacturing on the reservation.112,113 The 
greatest potential for significant geothermal generation on Washington's tribal lands is in the 
south-central part of the state, but tribal lands in the northeastern and the northwestern parts of 
the state also have geothermal electricity generation potential. 114  
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Appendix D: Oregon State Energy Profile 
Source: U.S. Energy Information Administration 

OREGON QUICK FACTS 
 

• In 2014, 73% of Oregon's net electricity generation came from conventional hydroelectric 
power plants and other renewable energy resources. 

• Major transmission lines connect Oregon's electricity grid to California and Washington, 
allowing for large interstate electricity transfers. 

• The Mist field in northwestern Oregon is the only producing natural gas field in the Pacific 
Northwest. 

• Oregon’s geothermal potential is ranked third in the nation after Nevada and California. 
• Oregon has teamed with Washington, California, and British Columbia to create the West 

Coast Green Highway, a collaborative effort to promote sustainable transportation 
solutions through the use of high-efficiency and cleaner-fuel vehicles. 

• There are 404 electric vehicle charging stations in Oregon, with a total of almost 1,000 
charging outlets. 

 

OVERVIEW 
 
Oregon's economy is closely tied to its climate. The heavy sustained runoff from the snowpack in 
high elevations, as well as high annual rainfall, makes it possible to generate substantial amounts of 
hydroelectric power. Large dams along the Columbia River generate most of the hydroelectric 
power in the Pacific Northwest. The Columbia River cuts through both the Cascade Range and the 
Coast Range of Oregon, forming the Columbia Gorge, an area of high wind energy potential.1,2 The 
geologically active Basin and Range country in southern and eastern Oregon, as well as the 
Cascades in western Oregon, are promising sites for geothermal energy development.3,4 The mild 
temperatures and abundant rainfall in the western part of the state contribute to rapid tree growth, 
which, along with agricultural waste-products, provides an ample source of biomass.5,6  
 
Manufacturing made up about one-fourth of Oregon's gross state product in 2014, a share that is 
more than three times the proportional contribution of manufacturing to the nation's economy as a 
whole.7 Computers and electronics are the state's most important manufactured products.8 
Although the energy-intensive lumber business, including the manufacture of related forest 
products, is one of Oregon's principal industries, the state's total energy consumption per capita is 
moderate.9,10,11 Most of Oregon's population lives in mild climate zones west of the Cascades, along 
the Pacific Coast, and in the Willamette Valley. The residential sector uses less energy per capita 
than it does in most of the states, ranking Oregon 39th in the nation.12,13,14 Seven-eighths of Oregon 
households use electricity or natural gas for home heating, and most of the rest heat with wood.15 
Transportation is Oregon's leading energy-consuming sector.16  

PETROLEUM 
 
Oregon does not produce any crude oil, does not have any crude oil reserves, and has not had an 
operating oil refinery since 2008.17,18,19 The Puget Sound refineries in Washington provide more 
than nine-tenths of the refined petroleum products used in Oregon. Those products arrive in the 
state by way of the Olympic Pipeline and by barge. Refineries in Salt Lake City, Utah, and British 
Columbia, Canada, also provide refined petroleum products to Oregon, and small amounts come 
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by tanker from California and the Pacific Rim countries of Indonesia, South Korea, and Japan. 20 
The use of oxygenated motor gasoline is required throughout the state.21  

NATURAL GAS 
 
The Mist field in northwestern Oregon is the only producing natural gas field in the Pacific 
Northwest.22 More than 50 reservoirs have been found in the field since its discovery in 1979.23,24 
The Mist field includes underground natural gas storage projects in some of its depleted natural gas 
reservoirs.25 Oregon has a total of seven underground natural gas storage fields with a combined 
capacity of almost 30 billion cubic feet.26,27 Natural gas in storage reservoirs flows into the pipeline 
system to meet peak customer demand during colder months and to meet the needs of wind power 
generators as they respond to rapidly changing wind conditions.28,29 Exploration wells continue to 
be drilled in the Mist field; however, production has declined markedly from its high of 4.6 billion 
cubic feet of natural gas per year in the mid-1980s. Natural gas production from the Mist field is 
now less than 0.8 billion cubic feet.30,31  
 
Oregon receives natural gas by pipeline from British Columbia and Alberta in Canada and from 
Wyoming, Colorado, and New Mexico.32 The Northwest Pipeline system supplies the Portland area 
and western markets, as well as the northeastern corner of the state.33 The Gas Transmission 
Northwest system serves the central portion of the state between Stanfield and Malin, Oregon's two 
natural gas market hubs.34 The Ruby pipeline, which began operations in the summer of 2011, 
brings natural gas from the Opal Hub in Wyoming, crossing through Utah and Nevada before 
terminating at the Malin hub. The Ruby Pipeline's initial design capacity of up to 1.5 billion cubic 
feet per day increased the regional capacity to move natural gas from the major Rocky Mountain 
basins to consumers in California, Nevada, and the Pacific Northwest by more than 50%.35,36 
 
Several liquefied natural gas (LNG) terminals have been proposed in Oregon, and all were 
originally planned as import terminals. As a result of changing market conditions, only two 
proposals remain active. Those two proposed LNG terminals-Jordan Cove at Coos Bay and Oregon 
LNG at Warrenton-have pursued federal permits to build export facilities.37  
In Oregon, the electric power sector consumes the largest share of natural gas. The industrial sector 
is the next largest user followed by the residential sector.38 Almost two-fifths of Oregon households 
use natural gas as their primary energy source for home heating.39  

COAL 
 
Although coal was mined in southwest Oregon in the late 19th century and in the early 20th 
century, there are no active commercial coal mines operating in Oregon today.40,41 Instead, limited 
amounts of coal are shipped by rail from the Powder River Basin in Wyoming to fuel a small 
percentage of the state's electricity generation. The state's only coal-fired power plant is scheduled 
to stop burning coal by the end of 2020.42 Minor amounts of coal are shipped from Utah to 
industrial plants in the state as well.43  

ELECTRICITY 
 
Hydroelectric power dominates the electricity market in Oregon, providing more than half of the 
net electricity generated in the state.44 In some years that share can approach three-fourths of net 
generation.45,46 Oregon's four largest electricity generating facilities-John Day, The Dalles, 
Bonneville, and McNary-are all hydroelectric plants located on the Columbia River. 47 They account 
for two-thirds of the net summer capacity from the 10 largest power plants in the state.48 Smaller 
hydroelectric plants generate power along several rivers flowing from the Cascade Mountains.49  
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Natural gas-fired power plants supply about one-fifth of the state's net electricity generation.50 
Although as much as one-third of the Oregon's total electricity supply is generated at coal-fired 
power plants, most of that generation occurs out-of-state.51,52 Oregon's only coal-fired power plant 
provides about 5% of Oregon's in-state electricity generation.53 There are no nuclear power plants 
in Oregon.54  
 
Oregon's net electricity generation is greater than its consumption,55 and some electricity is 
delivered to other states by way of the Western Interconnection, which runs south from western 
Canada to Baja California in Mexico and reaches eastward across the Rocky Mountains to the Great 
Plains. The Western Interconnection is one of the principal power grids in North America.56 Major 
transmission lines of the Western Interconnection, called the Pacific Intertie, connect Oregon's 
electricity grid to California's grid, allowing for large interstate energy transfers between the Pacific 
Northwest and the Southwest. There is an alternating current (AC) intertie and a direct current 
(DC) intertie. The Pacific DC Intertie originates near the Columbia River at the Celilo Converter 
Station on the Bonneville Power Administration's grid outside The Dalles, Oregon, and is 
connected exclusively to the Sylmar Converter Station north of Los Angeles, California. The Pacific 
DC Intertie is capable of transmitting power in either direction, but power flows mostly from north 
to south.57 Although it was originally designed to transmit electricity south during California's peak 
summer demand season, flow is sometimes reversed overnight and during periods of reduced 
hydroelectric power generation in the Pacific Northwest.58 

RENEWABLE ENERGY  
 
Renewable resources, including hydroelectric power, contribute almost three-fourths of the net 
electricity generated in Oregon.59 In years with increased or prolonged precipitation or snowmelt, 
renewable resources contribute as much as four-fifths of net electricity generation because of the 
state's abundant hydroelectric generation capacity.60,61,62 Oregon is the second-largest producer of 
hydroelectric power in the nation.63 Wind energy provides most of the state's net generation from 
nonhydroelectric renewable resources.64 With facilities in the Columbia Gorge and eastern Oregon 
hills, Oregon has more than 3,100 megawatts of operational wind farms; and, in 2014, wind 
provided one-eighth of Oregon's in-state net electricity generation from all sources.65,66 Some of 
Oregon's electricity is generated from biomass, primarily from wood and wood waste but also from 
landfill gas.67,68 Smaller amounts of electricity are generated from the state's significant geothermal 
resources and its more limited solar resources.69,70,71 
Oregon's geothermal potential is ranked third in the nation, after Nevada and California.72  
 
Although Oregon currently has only small amounts of geothermal electricity generation, the state's 
high-temperature geothermal areas have the potential to generate as much as 2,200 megawatts of 
electric power.73,74 A 22-megawatt electricity-generating unit using geothermal energy is now 
operating in Malheur County.75 This larger unit follows the installation of a 0.3-megawatt 
geothermal unit that began producing electricity at the Oregon Institute of Technology's Klamath 
Falls campus in 2009.76 A second unit (1.2-megawatts) at the Oregon Institute site began operating 
in 2014.77 A 3.1-megawatt unit is currently under construction in Lake County.78 Oregon's 
geothermal resources have also long been used in direct heat applications.79 Almost the entire state 
east of the Cascade Range has ample low- to mid-temperature geothermal resources.80,81 Oregon 
has about 2,200 thermal wells and springs that furnish direct heat to buildings, communities, and 
other facilities.82 Oregon residents have been using low-to-moderate temperature geothermal 
resources for more than a century, but biomass is the most abundant and widely used source of 
renewable thermal energy in Oregon.83,84 Forest covers almost half of the state, and many industrial 
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facilities in Oregon use woody biomass to provide heat and generate electricity.85 Oregon gives tax 
credits for the production, collection, and transportation of biomass used for energy production.86  
 
Oregon has teamed with Washington, California, and British Columbia to create the West Coast 
Green Highway, a collaborative effort to promote sustainable transportation solutions through the 
use of high-efficiency and cleaner-fuel vehicles.87,88 When complete, the Electric Highway, a 
network of fast-charging stations for electric vehicles along Interstate 5 and Highway 99, will span 
the 1,300 miles from the Canadian border to the Mexican border with public fast-charging locations 
every 25 to 50 miles.89,90 As of August 2015, there were about 400 electric charging stations in 
service across Oregon, with almost 1,000 charging outlets.91 In May 2014, Oregon joined with seven 
other states across the nation to form the collaborative Multi-State ZEV Action Plan. The plan's 
goal is to get 3.3 million zero-emission vehicles on the nation's highways by 2025.92  
 
Oregon's renewable energy portfolio standard requires the state's largest utilities-those with more 
than 3% of the state's load-to meet 25% of their electricity sales with new renewable energy sources 
by 2025. Small utilities with 1.5% to 3% of the state's load have a target of 10%, and the smallest 
utilities have a target of 5%.93 Overall, Oregon's electricity generation from renewable resources, 
other than hydroelectric power, has increased dramatically in recent years. From 2007 through the 
end of 2014, electricity generation from nonhydroelectric renewable resources more than 
quadrupled. In-state electricity generation from all renewable resources, including hydropower, 
was two-thirds of the state's total net generation in 2007 and almost three-fourths of total 
generation in 2014. The change was almost entirely the result of increased generation from 
renewable resources other than hydropower. 94  
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Appendix E: Idaho State Energy Profile 
Source: U.S. Energy Information Administration 

IDAHO QUICK FACTS 
 

• Idaho is rich in renewable energy resources; the state's volcanic formations provide 
substantial geothermal energy potential. 

• In 2014, 82% of Idaho’s net electricity generation came from renewable energy resources, a 
larger share than any other state. 

• Idaho had the fifth lowest average electricity prices in the United States. 
• In 2014, Idaho's in-state net electricity generation equaled 65% of the state's total electric 

industry retail sales. The remainder came from other states and international imports. 
• Hydroelectric power supplied 60% of net electricity generation in Idaho in 2014, the second 

largest share in the nation, after Washington state. 
• Idaho Power's Hells Canyon dam system is the nation's largest privately owned 

hydroelectric facility. 
• Idaho's wind generation increased by 13% in 2014 and provided 18% of net electricity 

generation. 
 

OVERVIEW.  
 
Idaho's river valleys offered shelter and passage through rugged western mountains to early North 
American hunters, French trappers, and the Lewis and Clark expedition.1 The plains flanking the 
Snake River stretch all the way across southern Idaho, from the Teton Mountains on the Wyoming 
border to Hells Canyon at the Oregon border. The valleys of the Snake River and its tributaries are 
home to most of Idaho's population, more than one-third of whom live in the Boise area,2,3,4 while 
vast stretches of the state remain wilderness.5,6 Idaho's altitude varies from mountains more than 
12,000 feet high to river valleys just a few hundred feet above sea level.7 Temperatures across the 
state range just as widely, from a record high of 118 degrees Fahrenheit to a record low of 60 degrees 
below zero.8  
 
Idaho's panhandle, which borders Canada on the north, is home to ski resorts.9 Mountains capture 
moisture-laden clouds coming east from the Pacific in winter. Those clouds typically produce 
plentiful mountain snowfall for winter sports, for hydroelectric power from fast-running rivers, and 
for irrigation in the lowlands in spring and summer, when the weather turns hot and dry.10 Idaho, 
also known as the Gem State, is rich in minerals like silver and phosphate, but the state has few 
reserves of fossil fuels.11 About three-fourths of the energy Idahoans consume comes from out of 
state.12,13,14 Idaho's energy potential lies in its substantial geothermal, hydropower, wind, solar, and 
biomass resources.15  
 
Idaho's energy consumption per capita is above the national average,16 and the state's energy 
intensity, measured by energy consumption per real dollar of gross domestic product, is well above 
the national median.17 The industrial sector leads energy consumption, followed by the 
transportation sector. 18 Agriculture, forest products, and mining have long been important to 
Idaho's economy. Science and technology, electronics manufacturing, food processing, and tourism 
are growing economic sectors.19,20,21  
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PETROLEUM 
 
Idaho does not produce22 or refine petroleum.23 Exploration for petroleum began in 1903, but, 
despite promising geology in the state's southeast and southwest, no commercial reserves have 
been discovered.24 Idaho consumers receive petroleum products by two pipelines, one running west 
along the Snake River Valley from refineries in Utah and another crossing the northern part of the 
state from refineries in Montana.25,26,27 Some petroleum products from Puget Sound refineries are 
also sent by pipeline to Portland, Oregon, and then by barge up the Columbia and Snake Rivers to 
Lewiston, Idaho.28  
 
Petroleum is the leading energy source in Idaho. Consumption per capita is slightly below the 
national median.29,30 Nearly four-fifths of petroleum products in Idaho are consumed in the 
transportation sector, and most of the rest is used in the industrial sector.31 Idaho is one of the few 
states that allow use of conventional motor gasoline statewide.32,33 However, much of the motor 
fuel sold in the state contains 10% ethanol because more populous states around Idaho do require 
oxygenated blends.34 Idaho has one operating ethanol plant. A smaller plant, which used potato 
waste as a feedstock, has shut down.35,36 The productive capacity of the operating plant is nearly 
equal to Idaho's annual consumption of ethanol.37  

NATURAL GAS 
 
Commercial natural gas production is being developed in southwestern Idaho, but output has been 
small.38,39,40,41,42 Idaho consumers receive nearly all their natural gas supply by pipeline from Canada 
and from other western states.43,44,45 One pipeline system enters Idaho at its northern border with 
Canada, crosses the panhandle, and continues to Washington, Oregon, and California.46 The other 
system runs from the San Juan Basin in southwestern Colorado across Idaho's Snake River Plain to 
the Pacific Northwest and Canada. That system is bi-directional, so it can supply natural gas to 
Idaho either from Canada or from Wyoming and Colorado.47 About 85% of the natural gas entering 
Idaho continues on to Washington, Oregon, and Nevada.48 The residential and industrial sectors 
are Idaho's largest natural gas-consuming sectors.49 Slightly more than half of Idaho households use 
natural gas as their primary energy source for home heating.50 

COAL 
 
Idaho has no coal mining51 and few estimated recoverable reserves.52 There are no electric utility-
owned coal-fired generating plants within Idaho.53 Electricity is generated with coal at only two 
industrial cogeneration facilities.54,55,56 Coal is supplied primarily from mines in Wyoming and Utah 
and shipped to Idaho by rail.57 However, Idaho gets about two-fifths of the electricity consumed in 
the state from coal-fired power plants located in other states. Citing uncertainty about future 
regulatory requirements for coal, the state government has deferred decisions on proposals for new 
coal-fired generating plants in Idaho.58  

ELECTRICITY 
 
Hydroelectric power plants dominate Idaho electricity generation, typically supplying between 
three-fifths and four-fifths of in-state net generation. The balance of Idaho's net electricity 
generation is supplied by wind, natural gas, biomass, geothermal, and coal generation.59,60 Idaho 
has among the lowest average electricity rates in the nation, mainly because of its large proportion 
of hydroelectric generation.61,62 About one-third of Idaho households use electricity as their 
primary energy source for home heating.63 
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Idaho typically consumes twice as much electricity as it generates and depends on power supplied 
via interstate transmission lines from out-of-state resources owned by Idaho utilities and 
others.64,65,66 Those power lines have grown increasingly congested, and projects are under way to 
expand capacity both to supply Idaho and to transport power from other mountain states to the 
West Coast markets.67,68,69,70,71 Most new generating capacity planned in the region is natural gas-
fired, but the transmission projects also aim to enable development of the region's renewable 
resources.72,73 
 
The Idaho National Laboratory, a federal nuclear power and energy research center, is the state's 
second largest employer and the site of the first U.S. nuclear electricity generation in 1951.74,75,76 The 
state has no commercial nuclear power plants.77  

RENEWABLE ENERGY 
 
Idaho typically gets nearly 85% of its net electricity generation from renewable resources, a larger 
share than any other state.78,79 Most of the state's renewable power comes from hydroelectric 
sources,80 and 4 of Idaho's 10 largest generating facilities run on hydropower.81 The three dams 
making up Idaho Power's Hells Canyon complex on the Snake River constitute the nation's largest 
privately owned hydroelectric facility.82,83 

 
Idaho has no renewable portfolio standard (RPS) or other renewable requirements,84,85 but its three 
major electric utilities do offer net metering programs that take electricity from small wind, solar, 
biomass, and other renewable sources. Commercial, residential, and agricultural customers are 
eligible for net metering.86,87 
 
Although a relatively small percentage of the state's land area is available for wind development, 
Idaho has substantial wind energy potential along the Snake River and on mountain ridges across 
the state.88 The first commercial wind energy project began operating in 2006, and, by 2014, wind 
provided 18% of the state's net electricity generation.89,90 At the end of 2014, Idaho had 16 wind 
facilities online with a total capacity of 973 megawatts,91 all located in the Snake River Valley.92 A 
number of other wind projects have been proposed.93 Wind developers typically sell their electricity 
to Idaho electricity retailers and sell their renewable energy certificates to electricity providers who 
are subject to RPS requirements in neighboring states.94,95,96  
 
Idaho has no utility-scale solar generation,97 but solar photovoltaic and solar thermal installations 
are widely used in the state's rural areas. The state offers low-interest loans98 and tax deductions for 
small-scale solar facilities.99 Idaho's volcanic landscape has a wealth of hot springs and other 
geothermal resources that have long been used for aquaculture, greenhouses, spas, resorts, and city 
district heating.100 The state has among the best geothermal potential in the nation.101 In 2014, 
Idaho was 1 of 10 states with operating geothermal power capacity102 and 1 of 7 with commercial 
geothermal electricity generation.103 Idaho's sole geothermal generating plant, a 13-megawatt 
facility, is built on the site of the federal government's first geothermal experiment, at Raft River in 
the state's southeast.104 Geothermal development in Idaho may be limited by availability of 
groundwater, since utility-scale geothermal technology is water-intensive.105,106,107 Idaho gets about 
4% of its net electricity generation from biomass,108 primarily waste and cogeneration from the 
wood products and agricultural industries.109,110  
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Appendix F: Montana State Energy Profile 
Source: U.S. Energy Information Administration 

MONTANA QUICK FACTS 
 

• The Williston Basin of Montana and North Dakota holds one of the largest accumulations 
of crude oil in the United States; its Bakken and Three Forks formations are currently 
estimated to be capable of producing 7.4 billion barrels of oil.  

• As of the end of 2013, Montana held more than one-fourth of the nation's estimated 
recoverable coal reserves and was the seventh-largest coal-producing state. It produced 
4.3% of U.S. coal in 2013 and distributed coal to nine other states. 

• Montana's four refineries, with almost 30% of U.S. Petroleum Administration for Defense 
District 4 (Colorado, Idaho, Montana, Utah, and Wyoming) refining capacity as of January 
1, 2015, are able to process heavy Canadian crude oil for regional markets. 

• Wind electric power generation in Montana grew by 12% in 2014 and supplied 6.5% of the 
state’s net electricity generation. 

• The state is the fifth-largest producer of hydropower in the nation and has 23 hydroelectric 
dams. 

• Montana created a Renewable Energy Resource Standard requiring that public utilities and 
competitive electricity suppliers obtain 15% of electricity sales from renewable energy 
resources by 2015. The standard requires electricity suppliers to buy a set amount of power 
from smaller community-based renewable energy projects. 

 

OVERVIEW 
 
Montana is the fourth largest state in the nation and the third least-densely populated.1,2 The state 
is a net supplier of energy to the rest of the country, producing energy from both fossil and 
renewable resources.3 About one-fourth of the nation's estimated recoverable coal reserves are in 
Montana,4 and the northern and eastern areas of the state also are believed to contain large 
deposits of crude oil and natural gas.5,6 The Missouri River, the longest river in the United States 
and the fourth longest in the world, begins in the Rocky Mountains in western Montana and flows 
eastward across the state.7,8 The river basin stretches from Montana to Missouri and has substantial 
hydroelectric energy resources.9,10 The state's vast plains, punctuated by mountains and canyons, 
provide Montana with some of the best wind potential in the nation.11 
 
The Continental Divide cuts east and then north through the mountains of western Montana, 
making Montana the only state in the nation with rivers that drain into the Pacific Ocean, the Gulf 
of Mexico, and the Hudson Bay.12 The mountains capture warm, moist air from the Pacific Ocean, 
creating a more moderate climate in the western third of the state than further east, where the 
Rocky Mountains give way to dry, wind-swept plains that stretch to the Dakotas. While summer 
days can exceed 100 degrees Fahrenheit on the plains, winter can bring Arctic blasts. Montana 
recorded the lowest temperature ever measured in the contiguous 48 states: 70 degrees below 
zero.13,14 The state's population is clustered in and around a few towns, mainly in the valleys of the 
Missouri River and its tributaries.15 Much of the eastern third of Montana has, on average, less than 
one resident per square mile.16 
 
Montana's early economy was built around ranching, wheat, mining, and timber. After World War 
II, spurred by such popular destinations as Glacier and Yellowstone National Parks, tourism 
increased, and, by 1970, it became the second largest industry in the state, after agriculture.17 
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Mining, oil and natural gas production, petroleum refining, agriculture, and the state's vast open 
spaces and long travel distances make the Montana economy energy-intensive, and per capita 
energy consumption is among the top one-third of all states.18,19,20 The transportation and 
industrial sectors lead state energy consumption. Together they account for about three-fifths of 
Montana's energy use.21  

PETROLEUM 
 
Montana produces about 1 in every 100 barrels of U.S. oil.22 Production is concentrated in the 
northeastern part of the state near the North Dakota border.23 Montana's Elm Coulee field was 
initially the most prolific oil field in the Williston Basin, a geologic basin that spreads from eastern 
Montana into North Dakota and Canada.24,25 However, Montana oil production declined 
substantially from its 2006 peak, as drilling activity moved to North Dakota, where the productive 
Bakken Shale formation is thicker.26,27 Recently, production has rebounded as drilling activity has 
increased in northeastern Montana's portion of the Williston Basin.28 At the end of 2013, Montana 
had about 1% of proved U.S. petroleum reserves, but potential recoverable resources in the state are 
believed to be much greater.29,30 
 
Montana has four operating oil refineries, three in the Billings region and one at Great Falls.31 
Those refineries receive crude oil mainly from Canada and Wyoming and produce a full range of 
refined products, including motor gasoline, diesel fuel, propane, and asphalt.32,33,34,35 Pipelines and 
railroads both are used to ship crude oil into and refined products out of the refineries. Several 
pipelines carry Montana crude oil to refineries in other states as well.36 New production in the 
region has been constrained by the lack of pipeline takeaway capacity. A number of new pipeline 
projects are in development, primarily to transport crude oil to major refining centers in the 
Midwest, in Oklahoma, and on the Gulf Coast. The transport of crude oil by rail has increased 
substantially as an alternative to pipeline shipment.37,38,39  
 
About two-thirds of Montana's petroleum consumption occurs in the transportation sector, and 
almost one-fourth is used by the industrial sector.40 Although Montana's total petroleum 
consumption is low compared with that of other states, it is among the top 10 states in terms of per 
capita consumption.41,42 During the winter months, federal air quality standards require oxygenated 
motor gasoline use in the Missoula area.43 The use of conventional motor gasoline is allowed during 
the winter in the rest of the state.44,45 Montana has no ethanol refineries,46 although some have 
been proposed.47 Ethanol is brought in from nearby states and blended with conventional motor 
gasoline at two locations in the state.48 

NATURAL GAS 
 
Montana produces less than 0.5% of the nation's natural gas.49 Production from natural gas wells 
and coalbed methane wells in the state has been trending downward from its peak in 2007 and 
2008, as exploration activities have focused more on drilling for oil than natural gas.50,51,52 More 
than three-fourths of Montana's natural gas wells are in the northern part of the state, near the 
Canadian border. Almost all of the remaining production comes from wells in smaller fields in the 
Williston Basin in northeastern Montana near the North Dakota border and from wells in south-
central Montana.53  
 
Montana is crossed by natural gas pipelines from Canada and Wyoming, and most of the natural 
gas entering the state comes from Canada and continues on to North Dakota on its way to 
Midwestern markets.54,55,56,57,58 In 2014, three-tenths of net U.S. natural gas imports from Canada 
entered the country through Montana.59,60,61 Montana has more underground natural gas storage 



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 210-68

PAGE 66 

capacity than any other state in the Rocky Mountain region, and its Baker/Cedar Creek field in the 
Williston Basin is the nation's largest single underground natural gas storage facility.62,63  
 
More than half of Montana households use natural gas as their primary energy source for home 
heating.64 Overall consumption is fairly evenly divided among the industrial, residential, and 
commercial sectors. Despite cold winters that can be especially harsh in eastern Montana, the 
state's per capita natural gas use is near the national median.65,66,67 In recent years Montana 
residents have consumed more natural gas than the state produces, making the state a net 
importer.68  

COAL 
 
Montana produces more than 4% of U.S. coal from just half a dozen mines.69 The majority of 
Montana's coal production comes from several large surface mines in the Powder River Basin in 
southeastern Montana.70,71,72 One of Montana's largest coal mines, the Rosebud surface mine, 
supplies almost all of its production to the state's largest electricity generating station, the coal-
fired power plant at Colstrip, Montana.73,74,75 Almost all of the coal used in-state fuels electricity 
generation and is delivered to generating plants by conveyor. In 2013, about one-fifth of the coal 
mined in Montana was consumed in the state, and all but a small fraction of that coal was used to 
generate electric power. Almost half of Montana's coal production was sent by rail to other states in 
2013. The remaining three-tenths of Montana production was exported to western Canada, where 
much of it continued on to Asia.76,77,78,79  
 
Montana has the nation's largest estimated recoverable coal reserves and holds one-fourth of the 
nation's demonstrated coal reserve base.80 U.S. coal demand has been declining because of 
competition from cheaper natural gas and more stringent environmental regulations.81,82 U.S. 
electricity generators are also retrofitting coal-fired generating plants with emission controls that 
allow use of higher-sulfur coal, thereby reducing demand for low-sulfur Powder River Basin coal.83 
Montana coal mine development projects have been proposed to supply a growing export market, 
but U.S. exports of coal have also declined in recent years.84,85,86 

ELECTRICITY 
 
More than half of Montana's net electricity generation comes from coal, but new federal 
environmental rules are affecting coal-fired generation.87 One of Montana's older coal-fired power 
plants is being shut down because of the projected costs of the new pollution controls needed to 
meet federal restrictions on emissions of mercury and other toxins produced by burning coal.88 
Montana is hosting a test of carbon sequestration in a formation near the Canadian border, which 
could help coal-fired power plants reduce the impact of carbon emissions.89,90 Most of the rest of 
Montana's electricity generation comes from hydroelectric power plants. Wind generation is a 
small but growing component, and the state has a small amount of natural gas-fired generating 
capacity.91,92  
 
Montanans use about half of the electricity generated in the state. The rest is sent to other western 
states by high-voltage transmission lines.93 Generating more electricity for sale in other states is 
seen as an economic opportunity for Montana, but current transmission lines are congested, and 
new capacity must be built in order to expand sales. Most of Montana is part of the Western 
Interconnection grid serving western states and Canadian provinces.94,95,96 Several transmission 
projects are being developed to increase capacity to move electricity from both conventional and 
renewable sources out of Montana to states in the west and southwest and to expand an intertie 
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between the Montana and Alberta, Canada, grids.97 Part of eastern Montana is connected to the 
eastern U.S. grid.98  
 
Montana deregulated its electricity system starting in 1997, but the state experienced rising retail 
electricity costs and later re-regulated some aspects.99,100 However, more than seven-tenths of 
Montana's net electricity generation still comes from independent power producers.101 The state's 
average retail electricity prices are well below the national average and are among the lowest one-
fourth of states.102 The commercial and residential sectors each consume a little more than one-
third of the electricity used in Montana, and the industrial sector consumes the balance.103 

RENEWABLE ENERGY  
 
Montana has substantial renewable energy resources. Its mountainous terrain along the 
Continental Divide creates fast-running rivers, and the eastern two-thirds of the state is drained by 
the Missouri River and its tributaries.104 The state is the fifth-largest producer of hydropower in the 
nation and has 23 hydroelectric dams.105,106 Six of Montana's 10 largest power plants by generating 
capacity are hydroelectric facilities,107 and hydroelectric generating capacity is being expanded 
around the state.108,109,110  
 
With its wide plains crossed by mountains, buttes, and canyons, Montana also has some of the best 
utility-scale wind potential in the nation.111,112 Montana has several electric utility-scale wind farms 
in the center of the state, and more in various stages of development.113,114 However, new wind 
projects depend in part on demand for renewable energy from other states and on available 
transmission capacity. To provide a stable supply of wind-based power to the grid, a large 
transmission and closed loop pumped hydro storage project is in development about 100 miles 
northwest of Billings, Montana.115,116 
 
Montana has both geothermal energy resources and biomass energy resources.117 The state has 
identified more than 50 geothermal areas and about one-third of them are high-temperature sites. 
Montana's most significant geothermal resources are in the mountainous southwest, but, so far, 
they have not been tapped for electricity generation. Low- and moderate-temperature resources are 
found in nearly all areas of the state.118 Those geothermal resources can be used for aquaculture, 
greenhouses, spas, resorts, and space heating. Several hot springs resorts and public bathing 
facilities in Montana take advantage of that resource and many also use it for space heating.119 
Advanced geothermal technology is being explored as a means to tap into the energy from hot 
fluids (formation waters) that are produced along with crude oil and natural gas from wells in 
eastern Montana. The heat from those fluids may be enough to support small geothermal power 
plants at the sites.120 The state is also looking at increasing the use of biomass from wood waste, 
particularly trees culled as part of efforts to fight pine beetle infestations. Most of Montana's 
biomass comes from and is used at wood-processing facilities. Although Montana had 4 megawatts 
of installed solar generating capacity by the end of 2014, none of it was at electric utility-scale solar 
facilities. There are a variety of residential and commercial distributed solar generation 
installations around the state.121,122 
 
Montana's renewable resource standard (RRS) requires retail electricity suppliers to get at least 15% 
of the electricity they sell in-state from renewable energy sources beginning in 2015. Power must 
come from renewable facilities that began operation after January 1, 2005. The RRS recognizes 
renewable energy from wind, solar, geothermal, biomass, small hydroelectric facilities, landfill gas, 
anaerobic digesters, and fuel cells that use renewable fuels as qualifying renewable resources. The 
standard requires electricity suppliers to buy a set amount of power from smaller community-based 
renewable energy projects. 123 
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ENERGY ON TRIBAL LANDS 
 
More than 5.5 million acres of Montana, about 6% of the state's land area, is held by Native 
Americans.124 Montana's tribal lands sit on top of a wealth of coal, crude oil, and natural gas 
resources. The largest of the seven federal reservations in the state, the Crow Nation Reservation, 
with more than 2 million acres in south-central Montana, is underlain by one of the largest coal 
reserves in the United States.125,126,127 The North Cheyenne Reservation in southeastern Montana, 
adjacent to the Crow Nation Reservation, also has a large coal resource.128 In addition to an 
estimated 9 billion tons of low-sulfur coal, the Crow Nation Reservation has oil and natural gas 
resources.129 The Blackfeet Reservation on the eastern slopes of the Rocky Mountains has, on its 
more than 1.5 million acres, oil and natural gas resources that are being developed.130,131 Oil was 
discovered in the early 1950s on the Fort Peck Reservation, the second-largest reservation in the 
state.132 The Fort Peck Reservation is located in northeastern Montana, above the western edge of 
the Bakken formation. There are several oil and natural gas fields near the reservation's borders, 
but the tribe has not yet had any successful Bakken wells drilled on its lands.133  
 
Much of Montana's tribal land has abundant renewable resource potential, and several tribes are 
focusing their energy development on those resources. The Salish-Kootenai tribe, on the Flathead 
reservation in western Montana, became the first tribal hydroelectric owners and operators in the 
nation when they acquired sole ownership of the Kerr Dam on the boundary of their reservation in 
September 2015.134 The Flathead and the North Cheyenne reservations, with their timber resources, 
have significant biomass potential.135,136 The best wind potential in Montana is in the eastern three-
fourths of the state, particularly in the northern and northeastern regions where the Blackfeet, 
Rocky Boy, Fort Belknap, and Fort Peck reservations are located.137,138 The Blackfeet Reservation, 
the third largest reservation in Montana, has pursued wind energy projects for several years. In 
1996, a utility-scale wind project came online at the Blackfeet Community College in Browning, 
Montana, offsetting the college's electricity costs.139 In 1999, the four 10-kilowatt wind turbines 
installed by the tribe at a wastewater treatment plant in Browning began supplying one-fourth of 
the plant's electricity needs.140,141  
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EXECUTIVE SUMMARY 
 

The Mid-Atlantic Region, consisting of the eight states, KY, OH, PA, WV, MD, VA, DE, NJ, plus DC, is 
blessed with abundant resources including oil, coal, and natural gas, and it is vital that these resources 
remain a part of the clean energy dialogue as our nation moves toward a new energy future. The region is 
also home to a diverse array of highly influential government and private research facilities and academic 
institutions, making it an epicenter of and a driving force for energy research.   

On September 12, 2016, the Energy Institute at West Virginia University hosted the Mid-Atlantic Region 
Energy Innovation Forum. This Regional Innovation Forum was co-organized by West Virginia University 
and the National Energy Technology Laboratory with assistance from KeyLogic Systems, Inc. The goal of 
the forum was to discuss the energy innovation ecosystem in the Mid-Atlantic region and share ideas for 
creating pathways to a cleaner energy future. 

The Mid-Atlantic Region’s diverse population of 55 million people, and its robust energy resource base 
makes it unique. The western half of the region is blessed with abundant fossil energy resources, 
particularly coal and natural gas, while the eastern half of the region hosts the majority of the population. At 
the forum, engaged representatives from 7 of the 8 states in the region participated from all sectors of the 
energy ecosystem: academia, industry, national laboratories, government (federal, state, and local), and 
non-governmental organizations.  

The forum featured keynote talks by U.S. Energy Secretary Ernest Moniz, U.S. Senator Joe Manchin, and 
Congressman David McKinley, as well as a discussion by state representatives on the Tri-State Governor’s 
Energy Agreement between West Virginia, Pennsylvania, and Ohio. These talks featured the mechanisms by 
which the region has begun to coalesce into natural partnerships and consortia to try to tackle some of the 
most challenging issues in the energy sector across the region.  

A panel specifically focused on Regional Challenges and Opportunities highlighted the need for innovation 
within the economies of the Mid-Atlantic Region that have historically been based heavily on fossil energy 
resources. It is through partnerships and collaboration that innovations across the energy innovation 
ecosystem will be uncovered.  

Topical panels were held on: 

• Innovation opportunities for fossil fuels in a future low carbon economy  
• Innovation opportunities in other clean energy technologies  
• Policies Facilitating Sustainable Clean Energy Development 
• Regional Innovation Investment and Commercialization 

 

In each of these panels, discussions were focused on innovations and partnerships and five priority 
innovation focus areas emerged: 

• Clean fossil: advanced power cycles, fuel cells, CCUS, and increased natural gas utilization 
o NETL, Industry partners (i.e. B&W, ExxonMobil, Siluria, Battelle), and Universities strong in 

this area (OSU, UK, WVU, PSU, Princeton, VT, etc) 
o Strong state-level support and momentum in the industry, e.g. current infrastructure 

developments underway 
• Grid modernization – smart grid and grid-scale electric storage (NEES EFRC, PJM, FirstEnergy, 

Exelon, AEP, NRG) 
• Energy Efficiency – building and industrial efficiency (CBEI Hub, Energy4P32) 
• Nuclear Energy – fission and fusion energy sciences (PPPL, WVU, Westinghouse, WastePD)  
• Advanced and Smart Manufacturing (NNMIs: America Makes, IACMI, SMLC-CESMII) 
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Coal: Continued federal support of clean coal R&D is critical in the absence of market drivers. The region 
needs incentives to replace existing coal plants with ultra-supercritical coal combustion instead of natural 
gas-fired plants. Emphasis should be placed on adopting technologies. Carbon Capture and Storage 
technologies are still too immature for full commercialization and will require successful large-scale 
integration demonstrations before they can be successfully adopted. 

Natural Gas: Due to the recent development in unconventional natural gas production from shales, a major 
opportunity to revolutionize the energy economy of the Mid-Atlantic Region is imminent. Two obvious 
natural gas technology R&D areas exist: de-carbonization with methane and natural gas conversion to other 
products. Opportunities may be realized by moving gas up the value chain, and we have the technology 
options to do this; it is not impossible to turn methane into other products. Gas is currently limited in end 
use. It is mostly used for power generation (about 90 percent of methane is used for this purpose). 
Components may be added to gas to enable a multitude of uses. 

Low-carbon pathways: Perspectives for identifying and creating new low-carbon pathways to drive 
economic growth in the region were offered regarding both the creation of new, valuable products and the 
creation of a nexus of innovation capable of sustaining itself via a critical mass of technical capabilities to 
serve both domestic and international markets. The potential for advances in manufacturing techniques to 
both increase the advantage of U.S. manufacturers to produce conventional technologies as well as create 
a market advantage for those manufacturers to produce technology products of a specification not 
previously possible through traditional manufacturing techniques was discussed. 

Nuclear Energy: Fusion is currently a global enterprise. The commercial deployment of fusion reactors is a 
long way off, but it will be a truly transformative carbon safe energy resource, as energy production from 
fusion is completely devoid of greenhouse gasses. Most of the issues facing nuclear fission energy center 
on time and cost—RD&D is time intensive and expensive and precludes investment by small venture capital 
companies. National laboratories have the capabilities but lack a means of conveying them. Advances and 
innovation in materials and in advanced manufacturing techniques using new materials can help alleviate 
these pressures.  

Advanced Manufacturing: A strong innovation ecosystem has developed around advanced manufacturing 
in the Mid-Atlantic Region.  Manufacturing and supply chain opportunities exist for all industries in the Mid-
Atlantic States. The region can build on current expertise to innovate on a global scale, as there are many 
opportunities in additive manufacturing. Digital analytics for managing assets is an emerging area—there 
are new elements for software and digital analytics to drive efficiency across all power plants including 
focusing on uptime, in-situ monitoring, and power plant maintenance.   

Economic Clusters: The Mid-Atlantic region is facing many of the same economic challenges that face 
rural economies across the United States: regional income dependency; regional imbalance in export GDP 
ratios; community by community competition; adverse impacts of regulatory changes; and declining labor 
participation. Industry clusters can make a significant contribution to regional economic growth by 
developing a robust, concentrated knowledge base in a particular industry and supporting industries, 
resulting in a competitive advantage; increasing the productivity of companies based in the area; driving the 
direction and pace of innovation; and stimulating the formation of new businesses, which expands and 
strengthens the cluster. The industry cluster approach identifies the competitive segments of an economy 
that can drive economic diversification and revitalization. 

In summary, the energy system in the Mid-Atlantic Region has already begun a transition and in order to 
assure a smooth transition to a low-carbon, clean energy economy, robust partnerships across the region 
are necessary. Many of these partnerships have already been formed, and the region is rich in innovation 
and energy resources.  
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INTRODUCTION 
The purpose of this report is to summarize the ideas presented and outcomes resulting from the Mid-
Atlantic Region Energy Innovation Forum held on September 12, 2016, in Morgantown, WV at the West 
Virginia University (WVU) College of Law and sponsored by the WVU Energy Institute. The goal of the forum 
was to discuss the energy innovation ecosystem in the Mid-Atlantic region and share ideas for creating 
pathways to a cleaner energy future. The event engaged a diverse group of 122 participants from seven 
states (KY, OH, PA, VA, MD, NJ, WV, and DC) representing many interests in the future of clean energy, 
including representatives from academia (32), national laboratories (8), industry (35), government (22), and 
non-governmental organizations (15). The theme heard throughout many panel discussions was 
partnerships; additional themes included the need for advances in and de-carbonization of fossil fuel power 
production, support for clean energy policies, and the importance of investing in innovation and 
commercialization throughout the region.  

 

The following sections summarize the themes and key ideas captured from each of the five panels held 
during the forum. The panels included Regional Challenges and Opportunities; Innovation Opportunities for 
Fossil Fuels in a Future Low Carbon Economy; Innovation Opportunities in Other Clean Energy 
Technologies; Policies Facilitating Sustainable Clean Energy Development; and Regional Innovation, 

Investment, and Commercialization. 

 

REGIONAL OVERVIEW 

	
Figure	1	Mid-Atlantic	Region	Universities	and	National	Labs 
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The Mid-Atlantic Region is blessed with 
abundant resources including oil, coal, and 
natural gas, and it is vital that these resources 
remain a part of the clean energy dialogue as 
our nation moves toward a new energy future. 
The region is also home to a diverse array of 
highly influential government and private 
research facilities and academic institutions, 
making it the epicenter of and the driving 
force for energy research.  In addition, the 
region is home to the Longview Power Plant 
featuring an advanced supercritical boiler and 
many advanced industry standards that are 
now being employed globally (Figure 2).  

Natural resources—specifically fossil fuels—
satisfy 80% of our nation’s energy 
requirements; substantial regional power generation includes fossil, nuclear, and renewables.  

 

 
Figure	3:	Regional	Overview	of	Energy	Resources	and	Power	Generation	

An energy overview of the Mid-Atlantic Region states is included below. (Source: EIA) 

Delaware 
The Delaware City refinery, with a capacity of about 182,200 barrels per day, is one of two coking refineries 
on the East Coast. Delaware generated 85% of its electricity from natural gas and 8% from coal in 2015.  

 

Kentucky 
Kentucky, the third-largest coal-mining state, produced more than 61 million short tons of bituminous coal 
in 2015. In 2015, 87% of Kentucky's net electricity generation was produced by coal and 7% by natural gas. 
Most of Kentucky's natural gas currently comes from the Big Sandy field in the eastern part of the state, but 
the Devonian Shale underlying two-thirds of Kentucky may contain more than 100 trillion cubic feet of 

Tight Oil/Shale Gas Plays
Coal Fields 

Coal Power Plants
Natural Gas Power Plants
Nuclear Power Plants
Renewable Power Generation 
Energy Transmission
Natural Gas, Crude Oil, HGL, & Electric Lines

Academia 

National Laboratory 

Figure	2:	Longview	Power	Plant	
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natural gas. Increasing amounts of customer-sited solar photovoltaic capacity have been installed across 
Kentucky, and the state is home to the nation's first net-zero energy public school. 

 

Maryland 
Maryland's Dominion Cove Point, the only liquefied natural gas import terminal in the Mid-Atlantic, is adding 
export capability at its Chesapeake Bay facility.  Export operations are expected to begin in late 2017. In 
2015, the Calvert Cliffs facility, Maryland’s only nuclear power plant, supplied 40% of the state's net 
electricity generation. Independent power producers provided 98% of the net electricity generation in 
2015.  Maryland's Port of Baltimore has set coal-handling records in recent years, and in 2015, it was 
second in the nation in coal exports. Coal is the leading export commodity by tonnage leaving the Port of 
Baltimore. 

 

New Jersey 
In 2015, for the first time, natural gas generated more electricity in New Jersey than nuclear power. 
Together, the two fuels provided more than nine-tenths of the state's net electricity generation. Solar power 
became New Jersey's largest source of renewable electricity, with three-fifths of solar electricity generated 
from customer-sited solar panels in 2015. 

 

Ohio 
The Utica Shale has contributed to the rapid increase in natural gas production in Ohio, which was more 
than 12 times greater in 2015 than 2011. Ohio had the seventh largest crude oil refining capacity in the 
nation in 2015. Coal fueled 59% of Ohio's net electricity generation in 2015, natural gas contributed 23%, 
and nuclear energy accounted for another 14%.  

 

Pennsylvania 
Pennsylvania's annual gross natural gas production, primarily from the Marcellus Shale, exceeded 4 trillion 
cubic feet in 2014, doubling the state's 2012 production and making Pennsylvania the nation's second-
largest natural gas producer. Pennsylvania was the fourth-largest coal-producing state in the nation in 2014 
and the only state producing anthracite coal, which has a higher heat value than other kinds of coal. In 2015, 
Pennsylvania ranked second in the nation in electricity generation from nuclear power. The state obtained 
37.2% of its net electricity generation from nuclear power, more than from any other source.  

 

Virginia 
At the end of 2013, Virginia was ranked fourth in coalbed methane proved reserves and had two natural gas 
fields that were ranked among the top 100 natural gas fields in the United States. The ports in the Norfolk 
Customs District—America's largest coal export center—processed more than 35% of U.S. coal exports in 
2015. Natural gas provided 39% of Virginia's net generation in 2015, surpassing generation from the state's 
two nuclear power plants for the first time. The Virginia Department of Mines, Minerals, and Energy received 
the first federal offshore wind energy research lease issued by the U.S. Bureau of Ocean Energy 
Management. 

 

West Virginia 
West Virginia was the largest coal producer east of the Mississippi River and the second largest in the 
nation after Wyoming, accounting for 11% of the U.S. total coal production in 2013.  In 2014, almost half 
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(50 million short tons) of the coal that was mined in West Virginia was shipped to other states and almost 
one-third (34 million short tons) was exported to foreign countries. In 2015, 94% of West Virginia's net 
electricity generation was produced by coal-fired power plants. West Virginia was also the eighth-largest 
natural gas-producing state in the nation, with more than 1.3 trillion cubic feet of natural gas production in 
2015. 

 

Table 1. Carbon Dioxide Storage Potential for Mid-Atlantic Region 
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REGIONAL CHALLENGES AND 
OPPORTUNITIES 
The Regional Challenges and Opportunities panel was moderated by Dr. Brian Anderson, Director, Energy 
Institute, West Virginia University and included four panelists: Dr. Grace Bochenek (Director, National 
Energy Technology Laboratory, U.S. Department of Energy), Steven Winberg (Program Manager, Battelle 
Memorial Institute), Andrew Gellman (Co-Director, Wilton E. Scott Institute for Energy Innovation, Carnegie 
Mellon University), and William Getty (President, Claude Worthington Benedum Foundation; Co-Chair, 
Power of 32). 

Synopsis 
The Mid-Atlantic Region is blessed with abundant fossil energy resources upon which its economy heavily 
depends. However, continuing the rich history of fossil energy development in this region requires 
innovative research and technology to help offset an aging energy infrastructure. Eighty-percent of coal is 
burned in units over 30 years old; plant age and environmental regulations make capital investments harder 
to justify. 

Partnerships among academia, nonprofit institutions, national laboratories, and industry are key to solving 
many of these challenges. As the U.S. government’s only national laboratory dedicated to fossil energy 
research, NETL must build its capabilities for fossil fuel technology research, development, and 
demonstration through innovation and partnerships. Moving forward, the coal industry, utilities, and 
independent power providers must work together to advance coal technology with the coal industry taking 
the lead to build pilot plants on mine property.  

This region has many opportunities to utilize its resources, with a specific opportunity being the conversion 
of natural gas into value-added chemicals. The region must realize the full value of the resource, which will 
require investment as well as technology innovation.  

While many opportunities exist, so do many challenges, including the need for technology incubator space 
and capital, which can be hard to come by with few entities willing to invest in innovation with higher yields 
and risks. Energy technology development requires new hardware and has a delayed return on investment, 
both of which make it much more challenging for the region to fully utilize its natural resources. 

Something big is happening. Something big globally, nationally, and within our Mid-Atlantic Region. 
Nine days ago, history was made in Hangzhou, China. On Saturday, September 3, President Obama 
and Chinese President Xi Jinping formally committed the world’s two largest economies to the Paris 
climate agreement, cementing their partnership on climate change and clean, low-carbon energy. 
Decreasing our carbon footprint is a challenge facing our region that has been built on the abundant 
fossil energy resources beneath us. We can only tackle this challenge through innovation and 
partnership. Our region has always been at the forefront of energy innovation. In the mid-19th 
century, the first oil in the US was first produced in West Virginia and Pennsylvania. In 1886, George 
Westinghouse found his company competing for developing the earliest electric infrastructure in the 
US. I believe that our region is not only the breadbasket of energy resources but also energy 
innovation. 
Introduction by Brian J. Anderson – Director of the WVU Energy Institute 
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The Mid-Atlantic Region has an advantage in that it reinventing its electrical grid and is in close proximity to 
an enormous marketplace. Power transmission is the highest-cost element of the value chain, and the 
region is within 700 miles of 70 percent of North America’s population. 

The region must have a workforce development system that provides workers with the skills they need to 
both obtain initial employment and advance their careers within the industry. 

The electricity grid of the Mid-Atlantic Region is largely served by the PJM Interconnect and has undergone 
significant changes since 2011, including 24,000 MWe of capacity retirements with 2,600 MWe of 
retirements pending. The PJM Interconnection and the capacity retirements are shown in Figure 4. 

 
Figure	4:	Generation	Retirements	in	the	PJM	Interconnection	since	2011	(Presenter:	Gary	Helm)	

Next generation coal technologies with Carbon Capture & Sequestration started at the National Energy 
Technology Laboratory. The region needs to proceed in a very aggressive manner. The coal industry can no 
longer rely on utilities to advance technologies. They have other less expensive options, have higher priority 
uses of their capital, and many have mandates to reduce coal consumption. The coal industry must partner 
with technology providers and build the pilot plants. New, next generation coal technologies are being 
developed at NETL and other regional partners, examples are shown in Figure 5. 
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Figure	5:	Next	Generation	Coal	Technologies	with	Carbon	Capture	and	Sequestration	(Presenter:	Steve	Winberg)	
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The Future of Clean Energy 
Panelists: Joe Manchin (U.S. Senator, WV), David McKinley (U.S. House of Representatives, WV), and 
Ernest J. Moniz (U.S. Secretary of Energy). 

Synopsis 
Regional focus on innovation is key and will impact how the region structures innovation moving forward. 
Deep innovation for de-carbonization is needed in this century and beyond. How can we help transition the 
economy as we move toward clean energy?  

Concerns revolve around energy reliability, affordability, and availability in the region. Will affordable, reliable 
energy be abundant in the future? Our region is investing in clean coal technologies, but the private sector 
has not stepped up and will not until they have a certain/secure path forward. 

Lower carbon emissions do not mean discontinuing the use of fossil fuels. The coal sector has been 
strongly impacted in this region. The enormous production of low-cost natural gas has created an energy 
revolution with West Virginia producing 1.3 trillion cubic feet of natural gas. 

Diversification makes a big difference in a utility’s portfolio. Utilities need signals now in order to make 
sound investment decisions on coal utilization with carbon capture (utilities base their projections on 10-
year timescales). Fossil energy is still in the mix until 2040 and will be a dominant driver for the foreseeable 
future. The question is, how do we use fossil energy better? Can we retrofit existing plants to make them 
able to compete?  

Looking toward the future, we must invest in game-changing technology that could have enormous impact 
on the ways coal can be used in low-carbon environments. For example, CO2 plus water plus sunlight could 
replace hydrocarbons for fuel. 

Tax credits for wind and solar should be instituted in areas in West Virginia where there is economic 
disparity. The state is looking for an incentive/cost to dial back into industry to help drive this region. We 
need to move tax credits to most affected areas. For example, six West Virginia counties are experiencing a 
depression, and need partners to move forward. In addition, the region’s coal miners are concerned about 
the inability to fulfill promises in 1946 legislation that they would receive benefits and pensions, a situation 
that could affect 23,000 miners.  

Tri-State Governors’ Regional Cooperation 
Panelists: Chris Stadelman (Chief of Staff to West Virginia Governor Tomblin), Dennis Davin (Secretary, 
Pennsylvania Department of Community and Economic Development) 

The governors of Ohio, West Virginia, and Pennsylvania have agreed to collaborate on natural gas and shale 
gas exploitation. The action plan is designed to maximize economic opportunity to attract downstream 
manufacturing because value increases further down the value chain. The governors understand that the 
region has a competitive research presence in physics, geology, chemistry, robotics, additive 
manufacturing, and information technology, and that our regional universities must collaborate leverage 
these capabilities to further advance research and technology in these areas.  

Synopsis 
Opportunities for energy development began with coal, but none are like shale gas, which could be a game 
changer in this region. Working groups are currently researching Marcellus and Utica shale gas. The states 
are working with partners to determine how to move forward with production, storage, and transport of 
shale gas. 
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The three states are collaborating to create a tri-state shale gas industry. Challenges include getting natural 
gas to market (many wells have been shut in due to lack of pipeline infrastructure). The states must quickly 
build a safe, sustainable, efficient, and world-class pipeline infrastructure to enable the region to realize the 
full value of the resource. Ten billion dollars in infrastructure is needed for natural gas pipelines and other 
infrastructure and many companies are in the queue. Gas extraction is important, but downstream 
development is important as well. Shell is building a cracker plant in Beaver County, Pennsylvania that will 
benefit the entire region. Crackers could be built in Wood County, West Virginia and other counties, which 
could benefit all three states. The Appalachian Basin and region is capable of competing with the Gulf 
Coast; the region’s access to the natural resource and proximity to end users provide a great opportunity 
for full life cycle benefit in terms of environmental sustainability and economic competitiveness. 

The Governor’s agreement among Ohio, WV, and PA is to collaborate on natural gas and shale gas. This 
action plan is designed to maximize economic opportunity to attract downstream manufacturing. Value 
flows as you advance down the value chain; must use the product here (manufacturing). Governors 
understand we have a competitive research presence in physics, geology, chemistry, robotics, additive 
manufacturing, IT; important that these universities are collaborating around research. Access to R&D can 
be an attraction for businesses to do manufacturing because energy costs are down in this region and 
nationwide. 
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INNOVATION OPPORTUNITIES FOR 
FOSSIL FUELS IN A FUTURE LOW 
CARBON ECONOMY 
Moderator: Sean Plasynski (NETL) 

Panelists: James Bielenberg (ExxonMobil), Neeraj Gupta (Battelle Memorial Institute), Dave van der Wiel 
(Babcock & Wilcox Research Center), and David Zaziski (Head of Government Affairs, Siluria Technologies) 

 

This panel discussed the technical challenges and opportunities for innovation in utilizing coal and gas.  
Recognizing the technical challenges associated with coal and gas utilization for electric power generation, 
the panel focused its comments on opportunities to significantly improve power generation processes, such 
as novel approaches to conversion and combustion via chemical looping and oxy-combustion technologies 
as well as the materials needed for creating ultra-supercritical steam conditions at coal-fired power plants.  
Because these technologies still result in significant amounts of CO2 emissions, CO2 capture and storage 
innovation opportunities were also discussed. In addition, the panel explored potential technology 
innovations for utilizing natural gas.  Topics spanned new conversion pathways of natural gas and natural 
gas liquids. Shale gas development in the region has spurred greater interest in new products, processes, 
and uses for natural gas. 

Synopsis 
Continued federal support of clean coal R&D is critical in the absence of market drivers. The region needs 
incentives to replace existing coal plants with ultra-supercritical coal combustion instead of natural gas-
fired plants. Emphasis should be placed on adopting technologies. Carbon Capture and Storage 
technologies are still too immature for full commercialization and will require successful large-scale 
integration demonstrations before they can be successfully adopted. Corporate investments are not 
possible without a near-term market beyond enhanced oil recovery. 

 

Oxy-combustion and chemical looping technologies are promising and progressing well. High-temperature 
ultra-supercritical materials expertise feeds directly to supercritical CO2 cycles. With respect to CO2 capture 
technology, membrane processes are technically and financially attractive and are transferable to many 
applications and markets. Advances in coal chemical looping transfer directly to natural gas conversion. 
Burning natural gas wastes its chemical potential. 

 

Two obvious natural gas technology R&D areas exist: de-carbonization with methane and natural gas 
conversion to other products. Opportunities may be realized by moving gas up the value chain, and we 
have the technology options to do this; it is not impossible to turn methane into other products.  

Gas is currently limited in end use. It is mostly used for power generation (about 90 percent of methane is 
used for this purpose). Components may be added to gas to enable a multitude of uses. 

Three areas of methane R&D are materials and process concepts for light-molecule separation, theoretical 
and experimental scoping of catalytic materials, and advanced concepts in reactor engineering and process 
intensification. 
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Methane is the world’s most-used building block for petrochemicals. Economies of scale result in world-
class facilities that cost many billions to construct. Few companies can finance these, but there is a cluster 
of such large facilities on the U.S. Gulf Coast. 

 
Figure	6:	Four	routes	for	conversion	of	methane	(Presenter:	James	Bielenberg)	

 

Siluria Technologies has a breakthrough catalytic oxidative coupling process for methane conversion to 
petrochemicals and cleaner liquid fuels, producing high-value products from low-value carbon sources. 
Siluria claims the process is the world’s only pathway to produce (1) ethylene from natural gas, (2) ethylene 
on a distributed scale, and (3) liquid fuels directly (i.e., non-syngas) from natural gas. Inputs are methane (or 
ethane) plus air, enriched air, or O2, and outputs are ethylene plus water plus heat. A demonstration plant 
has been built in La Porte, Texas.  

 
Figure	7:	Siluria	pathways	of	conversion	of	methane	through	oxidative	coupling	of	methane	(Presenter:	David	Zaziski)	

The Midwest Regional Carbon Storage Partnership is one of seven Regional Geologic Sequestration 
partnerships  collaborating with energy companies, universities, and other industries to capture carbon 
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dioxide created in energy production and industrial processes and store it safely underground in natural 
geological formations. Work is ongoing under Phase III (Development). Past and present work includes 
geologic carbon storage projects in Illinois, Ohio, and West Virginia; assessment of wellbore integrity, 
simplified modeling for CO2 storage, mid-Atlantic offshore storage, brine disposal in the Appalachian Basin, 
and development of a geomechanical framework for fluid injection. The partnership is working with state 
geologic surveys to build a map of potential CO2 storage sites across ten states (Figure 7) and has done 
characterization work with natural gas and brine industries to identify new storage horizons. Carbon dioxide 
utilization in Ohio oilfields is also of interest. 

 

Figure	8:	Regional	Characterization	–	A	Geologic	Storage	Potential	Mapping	Collaboration	(Gupta,	Battelle)	
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INNOVATION OPPORTUNITIES IN OTHER 
CLEAN ENERGY TECHNOLOGIES 
The Innovation Opportunities in Other Clean Energy Technologies panel was moderated by Court Gould, 
Executive Director, Sustainable Pittsburgh and included four panelists: Stewart Prager, Director, Princeton 
Plasma Physics Laboratory; Edward Herderick, GE Corporate Supply Chain and Operations; Denise 
Swink, Chair, Smart Manufacturing Leadership Coalition; and Michael N. Worley, Director, Innovative 
Nuclear Research, U.S. Department of Energy. 

This panel discussed potential opportunities for identifying and creating new low-carbon pathways to drive 
economic growth in the region. Perspectives were offered regarding both the creation of new, valuable 
products and the creation of a nexus of innovation capable of sustaining itself via a critical mass of 
technical capabilities to serve both domestic and international markets. The potential for advances in 
manufacturing techniques to both increase the advantage of U.S. manufacturers to produce conventional 
technologies as well as create a market advantage for those manufacturers to produce technology products 
of a specification not previously possible through traditional manufacturing techniques was discussed. 

Synopsis 
The Smart Manufacturing Leadership Coalition is working to invigorate a better supply chain, meet 
manufacturing challenges, and create innovative approaches on the enterprise level. The majority of 
manufacturing is still not technologically sound, and there is a need to increase the focus. A group of 
companies has collaborated to build a prototype for a smart manufacturing database of hardware and 
software to solve manufacturing problems while creating a lively marketplace. Users would pay only for the 
products they need without being locked into a single technology. The database would be on a cloud-
based platform to ensure continuity. From an energy perspective, most manufacturing is designed to an 
energy efficiency level only after the utility bills are paid. If manufacturers are given the tools and capabilities, 
they can drive down the risk of employing new technologies.  
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Figure	9:	Smart	Manufacturing	Platform	(Courtesy:	SMLC)	

Fusion is currently a global enterprise. The commercial deployment of fusion reactors is a long way off, but 
it will be a truly transformative carbon safe energy resource, as energy production from fusion is completely 
devoid of greenhouse gasses. The industry is still immature because fusion technology is very difficult to 
create and funding has never been sufficient to build the test beds needed. The ITER facility—an 
international collaboration in the southern France that will be operational in 10 years—will generate 500 MW 
of fusion for eight minutes at a time (see Figure 9). The United States is nine-percent partner, and $4–5 
billion is being spent in the United States fabricating components.  

 
Figure	10:	A	detailed	model	of	the	ITER	Tokamak.	Image	credit:	ITER	Organization	2011	

A strong innovation ecosystem has developed around advanced manufacturing in the Mid-Atlantic Region.  
Manufacturing and supply chain opportunities exist for all industries in the Mid-Atlantic States. The region 
can build on current expertise to innovate on a global scale, as there are many opportunities in additive 
manufacturing. Digital analytics for managing assets is an emerging area—there are new elements for 
software and digital analytics to drive efficiency across all power plants including focusing on uptime, in-situ 
monitoring, and power plant maintenance.   
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Most of the issues facing nuclear energy center on time and cost—RD&D is time intensive and expensive 
and precludes investment by small venture capital companies. National laboratories have the capabilities 
but lack a means of conveying them. Plant design and licensing of nuclear power plants is slow right now 
and there is a need to make nuclear capabilities, computational capabilities, and modeling and simulation 
tools available. A pilot voucher system to make funds available has been initiated. One of the biggest 
barriers is that small startup firms don't have the resources to invest in nuclear energy. However, partnering 
with EPRI for powdered metal and other additive manufacturing could make nuclear energy a viable option 
if costs are decreased (Figure 11). 

 

Figure	11:	This	rocket	engine	was	printed	whole	using	a	powder	bed	additive	manufacturing	process.	It	is	the	first	prototype	
rocket	engine	for	the	proposed	NX-01	Nanosat	Launch	vehicle.	It	was	manufactured	in	8	days	at	a	cost	of	$10,000	(LLNL)	
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POLICIES FACILITATING SUSTAINABLE 
CLEAN ENERGY DEVELOPMENT 
The Policies Facilitating Sustainable Clean Energy Development panel was moderated by Scott Rotruck, 
Director of Energy and Transportation Services, Spilman Thomas & Battle, and included three panelists: 
Jan Mares, Senior Policy Advisor, Resources for the Future; Gary Helm, Lead Market Strategist, PJM 
Interconnection; and Mike Casper, Senior Manager, Generation and Fuels, National Rural Electric 
Cooperative Association. 

 

The panel discussed the opportunities and challenges inherent in creating policies to facilitate sustainable 
clean energy development in the Mid-Atlantic Region. Options discussed included the use of grass roots 
campaigns, regulations, subsidies, jobs programs, and technology initiatives to spur growth in the energy 
sector. The panel also discussed how market changes can profoundly impact the energy landscape, 
affecting company decision making and policies regarding future clean energy investments.  

 

Synopsis 
Citizens—by influencing their elected and appointed leaders, friends, colleagues and for-profit and not-for-
profit organizations—by publicly stating positions in support of relevant policies and, as appropriate, 
implementing same; and governments—by supporting and implementing relevant policies, to the extent 
budgets allow—can all facilitate clean energy development. In addition, clean energy development requires 
policies that support public and private sector efforts to inform the public about potential threats from and 
means of addressing climate change; research to determine the effectiveness of “clean energy” 
technologies and energy efficiency policies as a means of making them more effective; and continued 
federal support for “clean energy” R&D. Other polices that facilitate clean energy development include 
continued efforts to promote energy efficiency including regulation, training workers for new occupations; 
increasing the price of carbon emissions, which will drive changes in business activities and investments in 
low-carbon manufacturing goods and services; and early adoption of clean energy technologies and 
services by the government.  

 

PMJ Interconnection operates a high voltage grid in the Mid-Atlantic region, and shale gas has dramatically 
changed the economics of the company. PMJ Interconnection is focusing on markets that foster innovation 
and innovative technologies that may prove valuable in the marketplace. Subsidies may work at odds with 
the market by distorting price signals and inhibiting innovation. The energy market trends are changing: 
nuclear and gas are at the highest levels and coal is at the lowest, wind is increasing, and waste and hydro 
are steady. Coal production decreased after early 2015, with oil and gas expected to increase drastically. 
Other technologies will be coming online provided they are economically viable; however, 80 percent of 
market additions since 2007 have been gas. Overall, coal is down and natural gas, nuclear, and renewables 
are up.  
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Figure	12:	PJM	Capacity	Market	Additions	since	2007/2008	(Helm,	PJM)	

Rural areas comprise 11 percent of power consumption, but they are an integral part of energy generation. 
The energy landscape has changed from 2015 to 2016—the extension of ITC/PTC (which led to a 20–25 
percent increase in renewables) and low natural gas prices (expected to remain in the $3–5 range or less) 
will reduce coal power generation by 17 percent from 2016–2040 and CO2 emissions by 16 percent. 
Strategic solutions include keeping fossil generation viable, environmentally beneficial electrification, and 
developing local options. In addition ,the “Community Storage Initiative,” an inclusive national market 
development collaborative has garnered the support of the electric utility industry, the environmental 
community, the renewable energy industry, and the public policy community.1 The Grid Ballast Project 
(ARPA-E)—a project to develop an electronic device to help create autonomous frequency regulation to 
respond in real-time without communications and built into consumer electronics—may revolutionize our 
energy infrastructure. Natural gas could be the next coal just as coal was in the past; however, we must not 
prematurely write off energy sources. Innovation means thinking outside of the box, and with the right 
amount of innovation, natural gas could be a game changer. 

  

                                                        
1 https://www.law.umn.edu/events/community-storage-initiative-2016-leadership-forum 
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REGIONAL INNOVATION INVESTMENT 
AND COMMERCIALIZATION 
The Regional Innovation Investment and Commercialization panel was moderated by Mike Green, 
Chairman, West Virginia Growth Investment Fund, and included three panelists: Jeffrey McDaniel, 
Executive-in-Residence, Innovation Works; Joseph Hezir, Chief Financial Officer, U.S. Department of 
Energy; and Mark Nydam, Principal, HarbourVest Partners, Executive Chairman Accordant Energy. 

The moderator, Mike Green, began the session by noting that there is very little venture capitalism in the 
Mid-Atlantic region. The panel responded by discussing the drivers needed and programs that have been 
implemented to attract venture capital.  

Synopsis 
Innovation Works is an early, state seed investor created to identify startups and concepts that are right for 
investment. They are part of the Ben Franklin technology partnership and are non-profit, but they do focus 
on energy and manufacturing and model the for-profit venture space instead of taking a more traditional 
stance. They subscribe to the “all of the above” approach from an energy and portfolio perspective. The 
biggest issue preventing a continuously growing innovation pipeline is the growing influx of good ideas 
without enough capital to motivate it. Partnering (public and private) is crucial and access to resources 
means more than just capital, it means providing test beds to prove concepts. Regional development is also 
important—most starter companies will make it by selling their products in a region other than this one. The 
investment community needs to increase its energy IQ, and we all need to work on educating the workforce 
to understand the impacts energy has on all of us.  

 

Energy commercialization is both an outcome and a driver of the innovation process (Figure 13). There are 
two commercialization incentives: CCUS tax credits and loan guarantees. A Future of Natural Gas study 
showed that a lot of research was conducted following increased regulations in 1970s, which then moved 
to the private sector with GRI funding and was steady over 16 years. A time limited tax credit was 
implemented under which production progressed slowly but steadily. Natural gas production boomed once 
enough technologies matured (Figure 14).  
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Figure	13:	Commercialization	as	Both	an	Outcome	and	Driver	of	the	Innovation	Process	(Hezir,	from	Ed	Rubin,	CMU)	

 
Figure	14:	Innovation	Experience	for	Unconventional	Gas	Development	(Hezir,	Source:	MIT	Future	of	Natural	Gas)	

Tax incentives complement innovation as the Investment Tax Credit (ITC) reduces up-front investment in 
CCUS by 30 percent and the Sequestration Tax Credit (STC) results in $3.8/MWh cost savings for every 
$10/ton of carbon sequestered. DOE modeling analysis found significant commercial market potential. 
Modeling can incentivize 30 GW of coal and natural gas CCUS by 2030 and up to 50 GW by 2040. It also 
provides options for CO2—beneficial use vs. non-beneficial use. There is also DOE credit authority available 
for a wide range of innovative technologies. There is more than $40 billion in remaining authority: advanced 
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vehicle technologies ($16 billion), advanced fossil energy ($8.5 billion), renewable energy ($4.5 billion), and 
advanced nuclear energy ($12.5 billion).  

The technology areas of interest for advanced fossil energy loan guarantees include: 

Advanced Resource Development 

Coal-bed methane recovery 

Novel oil and gas drilling 

Low Carbon Power Systems 

Chemical looping or process that isolate fuel form air during combustion 

Fuel cells which convert chemical energy into electricity without combustion 

Carbon Capture 

Carbon dioxide capture from traditional coal or natural gas electricity generation 

Permanent geologic storage or utilization in enhanced oil recovery (EOR) 

Efficiency Improvements 

Combined heat and power (CHP) and industrial waste recovery 

High-efficiency distributed fossil power systems and microgrids 

Federal tax incentives and loan guarantees can provide significant benefits to early adopters of advanced 
fossil energy technologies and are an important complement to state and local government incentive 
packages. Commercialization/deployment/diffusion are integral elements of an effective energy technology 
innovation strategy—both as an outcome and a driver of innovation. 

 

The Mid-Atlantic region is facing many of the same economic challenges that face rural economies across 
the United States: regional income dependency; regional imbalance in export GDP ratios; community by 
community competition; adverse impacts of regulatory changes; and declining labor participation. Industry 
clusters can make a significant contribution to regional economic growth by developing a robust, 
concentrated knowledge base in a particular industry and supporting industries, resulting in a competitive 
advantage; increasing the productivity of companies based in the area; driving the direction and pace of 
innovation; and stimulating the formation of new businesses, which expands and strengthens the cluster. 
The industry cluster approach identifies the competitive segments of an economy that can drive economic 
diversification and revitalization. Examples for the Mid-Atlantic Region include coal, technology, 
manufacturing, agriculture, tourism, and timber. However, successful application in rural areas creates 
certain challenges: expanded geographies mean more upfront effort to identify opportunities for and 
facilitate collaboration; rural collaboration is difficult due to more traditional views; difficulty in 
understanding that economic success is not a zero-sum game; and the willingness of local leaders to 
identify opportunities, drive change, and lead the effort to overcome the “victim mentality.” The components 
of the regional approach include a financing facility, an economic development plan, and business 
incubator networks. The benefit of this approach is that it facilitates innovation from a practical business 
standpoint that makes economic sense and drives economic growth. 
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CONCLUSION 
The Mid-Atlantic Region’s diverse population of 55 million people, and its robust energy resource base 
makes it unique. The western half of the region is blessed with abundant fossil energy resources, 
particularly coal and natural gas, while the eastern half of the region hosts the majority of the population. At 
the forum, engaged representatives from 7 of the 8 states in the region participated from all sectors of the 
energy ecosystem: academia, industry, national laboratories, government (federal, state, and local), and 
non-governmental organizations.  

The forum highlighted the need for innovation within the economies of the Mid-Atlantic Region that have 
historically been based heavily on fossil energy resources. It is through partnerships and collaboration that 
innovations across the energy innovation ecosystem will be uncovered.  

Five priority innovation focus areas emerged: 

• Clean fossil: advanced power cycles, fuel cells, CCUS, and increased natural gas utilization 
o NETL, Industry partners (i.e. B&W, ExxonMobil, Siluria, Battelle), and Universities strong in 

this area (OSU, UK, WVU, PSU, Princeton, VT, etc) 
o Strong state-level support and momentum in the industry, e.g. current infrastructure 

developments underway 
• Grid modernization – smart grid and grid-scale electric storage (NEES EFRC, PJM, FirstEnergy, 

Exelon, AEP, NRG) 
• Energy Efficiency – building and industrial efficiency (CBEI Hub, Energy4P32) 
• Nuclear Energy – fission and fusion energy sciences (PPPL, WVU, Westinghouse, WastePD)  
• Advanced and Smart Manufacturing (NNMIs: America Makes, IACMI, SMLC-CESMII) 

 

Federal tax incentives and loan guarantees can provide significant benefits to early adopters of advanced 
fossil energy technologies and are an important complement to state and local government incentive 
packages. Commercialization/deployment/diffusion are integral elements of an effective energy technology 
innovation strategy—both as an outcome and a driver of innovation. 

The power grid in the region, managed by PJM, has seen significant change in the capacity base, and 
additional strain due to large generation retirements. Much of the capacity shift has moved from coal to 
natural gas. Advances in grid technologies are paramount in ensuring reliability into the future as the 
generation base becomes more diverse.  

In summary, the energy system in the Mid-Atlantic Region has already begun a transition and in order to 
assure a smooth transition to a low-carbon, clean energy economy, robust partnerships across the region 
are necessary. Many of these partnerships have already been formed, and the region is rich in innovation 
and energy resources.  
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APPENDICES 
A. Regional Partnerships 

REGIONAL	CLEAN	ENERGY	INNOVATION	PARTNERSHIPS	
FY	2017	Congressional	Budget	Request	

 
To	accelerate	clean	energy	innovation	and	commercialization	in	the	U.S.,	the	Department	of	Energy	is	establishing	a	
new	Crosscutting	Innovation	Initiative	program	in	FY	2017.	This	program	will	fund	research,	development,	and	
demonstration	(RD&D)	activities	that	will	strengthen	regional	clean	energy	innovation	ecosystems;	accelerate	next-
generation	clean	energy	technology	pathways;	and	encourage	clean	energy	innovation	and	commercialization	
collaborations	between	our	National	Laboratories	and	American	entrepreneurs.	As	a	part	of	this	program,	$110	
million	is	requested	to	support	a	new	competition	to	establish	up	to	10	Regional	Clean	Energy	Innovation	
Partnerships	(RCEIPs)	around	the	country,	cost-shared	with	state,	industry,	academic,	and	other	stakeholder	
partners.	

 
The	U.S.	energy	system	is	composed	of	regions	with	unique	energy	needs	and	opportunities.	The	goal	of	this	
subprogram	is	to	accelerate	the	pace	of	innovation	in	clean	energy	technologies	through	the	cost-	shared,	
technology	neutral	partnerships	that	fund	RD&D	to	address	the	clean	energy	challenges	and	opportunities	specific	to	
regional	energy	resources,	policies,	customer	needs,	markets	and	the	innovation	capabilities	of	various	regions	of	
the	country.	

 
A	regional	approach	to	innovation	is	responsive	to	the	conclusion	of	The	National	Research	Council	2012	
Report,	Rising	to	the	Challenge,	noting	that	“Historically,	federally	funded	R&D	has	not	been	connected	to	state	and	
regional	industrial	development.	Bridging	that	gap	can	create	the	local	talent	and	technology	base	needed	to	
convert	these	U.S.	investments	into	domestic	companies,	industries	and	jobs.”	Regional	Clean	Energy	Innovation	
Partnerships	complement	national	level	RD&D	efforts.	

 
Specific	benefits	of	this	approach	include:	

•	Leveraging	existing	knowledge	clusters	and	comparative	strengths	of	a	geographic	region;	
•	Linking	the	needs	of	industry	and	energy	decision-makers	with	technical	resources	and	expertise	at	
universities	and	laboratories	to	enhance	clean	energy	technology	commercialization,	economic	development,	
and	manufacturing;	

•	Sharing	risks	and	pooling	resources	between	the	public	and	private	sector	to	conduct	RD&D	
projects	with	sustained	and	predictable	funding;	and	

•	Allowing	for	the	development	of	new	pathways	for	RD&D	involving	nonfederal	stakeholders	and	other	
performers	not	typically	engaged	through	existing	DOE	programs.	

 
In	FY	2017,	DOE	will	solicit	and	competitively	select	up	to	10	Regional	Partnerships	that	will:	

•	Competitively	select	RD&D	projects	for	financial	assistance	based	on	technical	merit	and,	generally,	
connecting	innovators	in	their	regions	with	RD&D	funding;	

•	Provide	analysis,	data,	access	to	federal	RD&D	facilities,	and	project	management;	
•	Support	development	of	early	prototypes;	
•	Encourage	and	support	collaborative	RD&D,	regional	public-private	partnerships,	and	consortia	of	innovative	
clean	energy	entities;	

•	Develop	in	collaboration	with	stakeholders	regional	energy	innovation	roadmaps	to	facilitate	
RD&D	planning	and	inform	annual	plans	submitted	to	DOE;	and	

•	Coordinate	with	other	Regional	Partnerships	on	best	practices	and	technology	projects	relevant	to	multiple	
regions.	
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B. Stakeholders 
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C. Agenda 

  



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 211-36

 

 

Mid-Atlantic Region Energy Innovation Forum 31 of 85 

 

  



11-37

 

 

Mid-Atlantic Region Energy Innovation Forum 32 of 85 

 

  



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 211-38

 

 

Mid-Atlantic Region Energy Innovation Forum 33 of 85 

 

D. General Session Notes 

Welcome	Session	
Dr.	E.	Gordon	Gee,	West	Virginia	University	

• WVU	Energy	Institute	will	forge	relationships	and	create	partnerships	for	economic	growth.	
• More	than	150	university	faculty	members	are	currently	researching	environmental	and	energy	

issues,	which	includes	an	ongoing	shale	gas	study	being	conducted	in	collaboration	with	the	NETL.		

Panel	1:	Regional	Challenges	and	Opportunities	
Dr.	Brian	Anderson	-	Moderator	(Director,	WVU	Energy	Institute);	Dr.	Grace	Bochenek	(Director,	NETL);	
Steven	Winberg	(Battelle);	Andrew	Gellman	(Carnegie	Mellon	University);	William	Getty	(Claude	
Worthington	Benedum	Foundation)	

•  Overview	by	Dr.	Brian	Anderson	
o Partnerships	are	key	across	all	entities,	including	academia,	nonprofit	institutions,	national	

laboratories,	and	industry.	
o Innovation	is	needed	to	continue	the	rich	fossil	energy	history	in	this	region.	

•  Dr.	Grace	Bochenek	
o This	region	is	blessed	with	abundant	resources	including	oil,	coal,	and	natural	gas.	It	is	

important	that	as	the	nation	moves	forward,	utilization	of	these	resources	become	part	of	
the	clean	energy	dialogue.		

o The	Mid-Atlantic	Region	is	at	the	epicenter	of	and	is	the	driving	force	for	energy	research.	
o The	Longview	Power	Plant	features	an	advanced	supercritical	boiler	and	many	advanced	

industry	standards	that	are	being	employed	globally.	The	Longview	Power	Plant	features	an	
advanced	supercritical	boiler,	with	R&D	tied	to	NETL	Clean	Coal	program.	

o Fracking	has	contributed	immensely	to	the	region	and	enhances	our	ability	to	compete	
globally	in	the	natural	gas	marketplace.	

o Science,	technology,	and	research	are	the	anchors	needed	to	meet	the	industry	and	
economic	challenges	in	our	region.		

o Resources	and	research	capacity	form	the	foundation	needed	to	address	future	challenges.		
o Natural	resources	(fossil	fuels)	satisfy	80%	of	energy	requirements;	substantial	power	

generation	includes	fossil,	nuclear,	and	renewable	to	power	this	region.	Energy	
transmission	is	also	very	important	to	this	region.		

o Government	research	facilities	help	convey	fundamental	research	to	industry	for	
commercialization;	this	region	has	an	abundance	of	experience	in	energy	and	will	continue	
to	innovate.	Unconventional	O&G	is	important	to	this	region.		

o Goals	can	be	achieved	only	via	partnerships	with	all	entities	(government,	industry,	private,	
academic,	etc.)	

o This	region	has	top	institutions	with	extensive	energy	experience	and	infrastructure	
(industry	partners,	academia,	and	national	labs).	

o Advanced	manufacturing	enables	the	region	to	explore	new	ways	of	converting	energy	
more	efficiency.		

o Nontraditional	and	innovative	uses	of	coal	increase	the	full	value	of	the	coal	resource.		
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•  Steven	Winberg	
o Eighty	percent	of	coal	is	being	burned	in	units	over	30	years	old.	Plant	age	and	

environmental	regulations	make	capital	investments	harder	to	justify.	Virtually	no	new	coal	
plants	will	be	built	over	the	next	10-15	years;	therefore,	coal	consumption	will	decline	by	
50%	by	2030	irrespective	of	CCP	outcome.	

o Average	age	of	our	plants	was	50	years	old	in	2015.		
§ 2014	coal	consumption	=	849,000	M	tons	
§ 2015	coal	consumption	=	737,000	M	tons	
§ 2030	coal	consumption	=	550,000	M	tons	

o Past	technology	commercialization	models	no	longer	work.	The	coal	industry	must	take	
ownership	for	the	next-generation	of	coal	technologies.		

o Next	generation	coal	technologies	with	Carbon	Capture	&	Sequestration	started	at	the	
National	Energy	Technology	Laboratory.	The	region	needs	to	proceed	in	a	very	aggressive	
manner.	The	coal	industry	can	no	longer	rely	on	utilities	to	advance	technologies.	They	
have	other	less	expensive	options,	have	higher	priority	uses	of	their	capital,	and	many	have	
mandates	to	reduce	coal	consumption.	The	coal	industry	must	partner	with	technology	
providers	and	build	the	pilot	plants.		

o The	issue	with	development	is	funding.	The	fuel,	electric	load,	and	land	is	available…	
everything	except	for	funding.		

o Emissions	can	be	reduced	by	reducing	coal	consumption.	However,	we	must	generate	
electricity	somehow.		

•  Andrew	Gellman	
o Opportunities	for	this	region	include	converting	natural	gas	into	value	added	chemicals.	

This	requires	investment	and	not	just	the	process	and	conversion.	
o Challenges	–		

§ 	Innovation	starting	from	ground	up	requires	incubator	spaces.	Energy	technologies	
incubation	requires	hardware,	which	makes	it	much	more	challenging	

§ Capital	and	venture	capital	not	willing	to	invest	in	something	that	will	not	yield	tens	
or	even	hundreds	of	times	the	investment	paralleled	with	Silicon	Valley.	

§ Our	region	needs	to	encourage	large	institutions	to	invest	time	and	interest	in	
these	small	developing	technologies	

o Challenges	to	innovation	in	this	region:		
§ Incubator	Space:	Innovation	starting	from	the	ground	up	requires	space.	Software	

innovation	in	our	region	is	easy,	but	energy	technology	requires	hardware	and	a	
testing	process	that	is	more	challenging	due	to	the	region’s	limited	space.	

§ Capital	and	venture-capital:	Hard	to	come	by	in	this	region;	entities	willing	to	invest	
in	innovation	with	high-yields	are	much	less	abundant	here.		

§ Industry	perspective:	Industry	believes	that	it	is	easier	to	market	outside	this	region	
than	inside;	this	is	a	simple	problem	that	requires	an	organization	to	encourage	and	
mentor	smaller	companies.	
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•  William	Getty	
o Governor’s	agreement	among	Ohio,	WV,	and	PA	to	collaborate	in	natural	gas	and	shale	gas.	

This	action	plan	is	designed	to	maximize	economic	opportunity	to	attract	downstream	
manufacturing.	Value	flows	as	you	advance	down	the	value	chain;	must	use	the	product	
here	(manufacturing).	Governors	understand	we	have	a	competitive	research	presence	in	
physics,	geology,	chemistry,	robotics,	additive	manufacturing,	IT;	important	that	these	
universities	are	collaborating	around	research.	Access	to	R&D	can	be	an	attraction	for	
businesses	to	do	manufacturing	because	energy	costs	are	down	in	this	region	and	
nationwide.		

o We	have	an	advantage	because	we	are	reinventing	the	electric	grid	in	this	region	and	are	in	
close	proximity	to	an	enormous	marketplace.	Transporting	the	finished	product	results	in	
the	highest	cost	and	this	region	is	within	700mi	of	70%	of	North	America’s	population.		

o The	workforce	in	this	region	has	owned	up	to	what's	missing;	we	must	have	a	workforce	
development	system	that	provides	skills	needed	to	obtain	initial	employment	and	keep	
moving	up.		

• 	
•  Question:	What	is	the	role	of	your	sector	across	energy	innovation?	(Dr.	Brian	Anderson-WVU)	

o Dr.	Grace	Bochenek:	Our	advanced	computational	and	laboratory	assets	can	help	advance	
technologies	toward	commercialization.	NETL	has	core	capabilities	that	allow	us	to	look	at	
technology	in	its	discovery	state	and	help	colleges	and	industry	mature	technology	to	
commercialization.	

o Steven	Winberg:	Battelle	offers	contract	research	in	an	energy	space	that	cuts	across	all	
forms	of	energy.	They	operate	6	national	labs.		

o Andrew	Gellman:	Universities	need	to	teach	and	create	knowledge…they	are	good	at	
creating	new	ideas	and	processes	and	can	evaluate	them	for	their	economic	impact.	
Universities	are	not	biased;	they	can	take	concepts	and	fairly	evaluate	them	for	economic	
impact.	

o William	Getty:	Mediate,	facilitate,	and	encourage	collaboration.	Foundation	has	an	
important	role	due	to	its	non-profit	nature.	

The	Future	of	Clean	Energy	
Joe	Manchin,	III	(US	Senator,	WV);	David	McKinley	(US	House	of	Representatives,	WV);	Dr.	Ernest	J.	
Moniz	(US	Energy	Sect.)	

•  Joe	Manchin	
o Six	counties	in	WV	are	experiencing	a	depression,	and	we	need	partners	to	help	us	move	

forward.		
o If	we	can	accept	climate	change	is	causing	an	impact,	then	we	can	begin	to	create	a	path	

forward.	Fossil	energy	is	still	in	the	mix	until	2040	and	will	be	a	dominant	driver	for	quite	
some	time.	The	question	is	how	do	we	use	fossil	energy	better?	

o Can	we	use	the	plants	we	have	and	retrofit	them	to	make	them	able	to	compete?		
o Concerns	revolve	around	energy	reliability,	affordability,	and	availability	in	the	region.		
o The	region’s	coal	miners	are	concerned	about	the	inability	to	fulfill	promises	resulting	from	

1946	legislation	promising	that	miners	will	receive	benefits	and	pensions,	which	could	
affect	23,000	miners.		
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o Actively	engaged	in	passing	the	Miner	act	-	pension	and	health	care	and	benefits	are	
needed.		

o Look	at	China:	through	2040	there	is	a	world	coal	consumption	increase.	
o India	will	become	electrified	in	areas	that	have	never	had	electricity	before;	they	don't	care	

how	it	is	produced,	etc.	
o Question	and	uncertainty:	Given	that	7-8	billion	tons	of	coal	is	being	burned	worldwide,	if	

the	U.S.	stopped	burning	coal,	would	the	rest	of	the	world	follow?	
o Concerns:	(1)	reliability:	Will	affordable,	reliable	energy	be	abundant	in	the	future?	(2)	We	

are	investing	in	clean	coal	technologies,	but	the	private	sector	has	not	stepped-up	and	will	
not	until	they	have	a	certain/secure	path	forward.	

o Tax	credits	for	wind	and	solar	should	be	instituted	in	areas	in	our	state	in	which	there	is	
economic	disparity.	Would	tax	credits	work?	Looking	for	an	incentive/cost	to	dial	back	into	
industry	to	help	drive	this	region.	Need	to	move	tax	credits	to	most	affected	areas.	

•  David	McKinley	
o McKinley	is	1	of	2	out	of	535	members	of	Congress	that	are	Professional	Engineers,	which	

makes	the	discussion	of	science	and	energy	difficult.	
o What	is	the	future	of	clean	energy?	It	is	whatever	we	want	it	to	be.	It	does	not	have	to	only	

be	renewables.	Fossil	fuels	will	be	important	part	of	the	energy	mix	for	the	next	25	years	at	
least.	By	2040,	53%	of	the	United	States	energy	will	be	supported	by	fossil	fuels.	We	need	
to	figure	out	how	to	burn	them	cleanly	and	efficiently.	We	need	the	workhorse	of	coal	and	
gas	to	be	the	base	of	the	country’s	energy	mix.		

o We	must	accept	that	fossil	fuels	are	here	to	stay	and	must	use	them	in	a	clean	and	efficient	
manner.	We	need	to	show	China	and	India	how	to	burn	coal	more	cleanly.	

o The	US’s	economy	needs	dependable	energy,	even	though	renewables	are	new	and	
exciting.	

o Ignoring	the	clean	aspects	of	coal	has	had	an	economic	impact.	Since	2008,	83,000	coal	jobs	
have	been	lost	in	America.		73%	of	coal	is	being	produced	by	U.S.	companies	that	are	in	
bankruptcy.		

o Other	nations	are	not	following	our	lead	in	energy	efficiency.	(Germany	building	26	new	
coal-fired	power	plants,	India	doubling	coal	use	in	next	10	years).	

o MIT	report	states	that	it	doesn’t	matter	what	the	U.S.	policy	is	on	coal;	as	long	as	India	
continues	to	burn	coal,	we're	still	headed	downward.	

o Japan	and	South	Korea	are	building	additional	power	plants.	Japan	committed	to	spending	
billions	on	advanced	turbine	research.		

o China	is	not	performing	research;	they	are	learning	by	building	(i.e.,	build	one	plant	and	
learn	from	it,	then	build	the	next	plant).	

o Longview	Power	Plant	is	the	cleanest,	most	efficient	power	plant	in	the	United	States.	
Secretary	Moniz	is	visiting	later	today.		

o To	ensure	that	we	lead	in	this	research	area,	we	must	increase	funding	for	NETL,	for	
chemical	looping,	advanced	combustion,	rare	earth	element	recovery,	carbon	capture,	
carbon	sequestration	and	utilization.	Need	to	increase	funding	for	WVU	and	other	research	
universities.	We	must	examine	ways	to	incentivize	advanced	power	plant	technologies.	
Congress	should	increase	research	funding	into	gas	turbine	facilities	for	combined	and	
single	cycle.	
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o Future	of	clean	energy	is	bright,	but	we	must	be	realistic	regarding	use	of	fossil	fuels	and	
should	accept	this	challenge	by	leading	(via	NETL	and	the	private	sector)	research	to	
develop	clean	energy	technology	to	show	other	countries	how	to	burn	coal	more	efficiently.		

•  Dr.	Ernest	Moniz	
o Regional	focus	of	innovation	is	a	key	point	of	the	discussion	today.	How	do	we	structure	the	

innovation	for	us	to	move	forward?	
o Restructuring	the	budget	has	helped	finance	the	NETL’s	transition	to	innovation	of	energy	

technology.	
o We	are	headed	toward	a	lower	carbon	energy	emission	system,	which	does	not	mean	

getting	rid	of	carbon	fuels.		
o Regionally,	there	are	challenges	and	opportunities,	which	is	true	for	all	regions	when	

analyzed.	
o Innovation	Agenda	Items		

§ Technology	development:	carbon	capture,	chemical	looping.	
§ How	can	we	help	transition	the	economy	as	we	move	toward	clean	energy?	
§ Deep	innovation	needed	for	the	de-carbonization	that	we	will	need	in	the	century	

and	beyond.		
o Oak	Ridge	and	NETL	need	to	think	harder	to	combine	a	regional	focus	on	energy	innovation	

and	what	that	might	mean	in	the	area.		
o Regional	Theme	of	Innovation	is	very	important	and	will	impact	how	we	structure	

innovation	moving	forward.	NETL	and	FE	have	worked	this	year	to	restructure	the	budget	
to	allow	for	fertile	growth.	This	is	an	important	step	for	the	future	of	NETL.	

o Important	to	build	NETL	capability	in	fossil	fuel	research.	We	need	a	lead	lab	for	fossil	
energy.	

o (1)	Lower	carbon	emissions	do	not	mean	discontinuing	the	use	of	fossil	fuels.		
o 1.3	trillion	cubic	feet	of	natural	gas	production	in	West	Virginia.	
o Transformation	will	occur	over	decades:	We	need	to	stay	ahead	in	the	innovation	game	and	

capture	a	piece	of	this	market.	
o Technology	development	and	what	we	can	do?	Coal	sector	strongly	impacted	in	this	region.	

The	principal	driver	of	low	cost	of	coal	for	electricity	is	not	regulation	but	the	low	cost	of	
natural	gas.	Enormous	production	of	low-cost	natural	gas	has	created	a	natural	gas	
revolution.		

o If	you	are	a	utility,	diversification	makes	a	big	difference	in	a	portfolio.	Coal	utilization	with	
carbon	capture	needs	signals	now,	need	signals	to	allow	sound	investment	decisions.		

o What	can	we	do/not	do	working	with	regions/states	to	help	transition	the	economy	and	
jobs?		DOE	has	focused	on	jobs	and	strategy.	

o Innovation	agenda:	deep	innovation	needed	in	the	mid-century	and	beyond	
o Crosscutting	activities	that	are	relevant	to	these	challenges:	advanced	materials,	led	by	

fossil	energy	critical	cycles;	advanced	energy	system	program	(fuel	cell,	supercritical	CO2	
cycles)	

o FY17	request	includes	funding	for	carbon	sequestration	partnerships.	
o Deployment	side	projects	being	evaluated.		
o FOCUS	ON	ONE	THING!!!!	important	in	near	term:	TAX	CREDITS!	Administration	has	for	the	

last	two	years	proposed	building	plants	and	storing	CO2.	Similar	initiative	called	for	tax	
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credits;	very	important	to	get	this	done.		Hope	that	this	year	Congress	can	succeed	in	
getting	tax	credits	across	the	finish	line.	This	is	important	because	CCS	plants	are	not	going	
to	be	operating	for	10	years	(that	will	not	address	today's	problems).		This	may	be	true,	BUT	
the	signal	today	is	critical	because	utilities	base	their	projections	on	10-year	timescales.	If	
I’m	the	risk	officer	at	a	utility,	today	capital	costs	for	natural	gas	plants	and	fuel	costs	are	
low,	but	what	is	my	risk	profile	if	I’m	exposed	to	fuel	cost	volatility?		

§ This	is	why	it’s	so	important	now	to	do	this!!!		
o Iowa	has	the	highest	fraction	of	wind	production	in	the	nation	(20%)	and	increasing...	

Governor	and	the	industry	said	one	of	the	reasons	they	have	built	capacity	in	Iowa	is	
because	of	the	options	value	of	direct	source	costing	of	wind.	

o ECONOMY/JOBS/TRANSITIONS:	DOE	proposed	up	to	10	regional-clean	energy	partnerships.	
Proposed	an	increase	in	innovation	budget,	sustained	over	5	years,	in	this	DOE	proposed	
$110M	in	regional	partnerships.	This	funding	would	go	to	nonprofits	to	manage	
partnerships	for	clean	energy	in	each	region.	Each	region	will	have	its	own	unique	portfolio.	
DOE	will	be	soliciting	ideas	to	structure	the	process.		

o LOOK	TOWARD	LONG-TERM	FUTURE...we	need	to	invest	in	big	game	changers	that	could	
have	enormous	impact	on	ways	coal	can	be	used	in	low	carbon	environments.	For	example;	
CO2	+	water	+	sunlight	could	replace	hydrocarbons	for	fuel.		

o Working	across	WV	for	automotive	supply	chain	to	increase	jobs.		
o DOE’s	job	strategy	council	works	with	labor	and	other	groups	and	is	committed	to	a	joint	

effort	with	a	multitude	of	entities	to	impact	policies.	
o Bill	Gates	is	pioneering	20-year	return,	risk	tolerant	investments	for	the	few	technologies	

that	have	a	big	material	impact	because	of	Mission	Innovation.	Need	everyone’s	help	to	
accomplish	this.		

•  Question	1:	What	interplay	would	you	like	to	see	between	electric	vehicles	and	coal	power	
plants?	(WVU	Student)	

o Dr.	Ernest	Moniz:	If	one	looks	at	any	scenario	for	low	carbon	agenda,	the	electricity	sector	
decarbonizes	the	fastest.	The	International	Energy	Agency	indicates	that	CC&S	is	very	
important.	Electrification	of	vehicles	will	help,	but	will	come	more	slowly.	Three	ways	to	
reduce	carbon:	electrification,	higher	efficiency	vehicles	(better	MPG,	aerodynamics,	etc.),	
and	alternate	fuels	(liquid,	fuel	cell,	biofuels,	etc.,	but	in	longer	term	will	include	dropping	
fuels)		

•  Question	2:	Could	the	deadline	for	power	plants	be	extended?	Would	the	Administration	be	open	
to	extending	the	timeline	for	the	CCP	to	allow	for	more	investment?	To	promote	more	
confidence?	

o Dr.	Ernest	Moniz:	tax	credits	this	year	would	be	a	big	deal.	A	trajectory	for	carbon	
reductions	is	needed	by	the	investment	community.		

o David	McKinley:	timeline	needs	to	be	extended.	FERC	(Steve	Mollar)	testified	that	coal-
fired	power	plants	need	to	be	updated	or	there	will	be	brownouts.	Should	use	existing	
facilities	to	meet	current	needs.	We	need	a	time	extension	to	be	able	to	use	what	we	have.	
We	need	time	to	retrofit	these	facilities.	NETL	developed	technology	to	retrofit	existing	
facilities,	but	we	need	time	to	adapt	these	processes.	Even	old	plants	can	be	retrofitted.		
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o Joe	Manchin:	Need	technology	in	place;	nobody	has	factored	in	economic	impact	of	a	
decrease	in	coal	production	for	this	region.	No	one	is	factoring	in	the	economic	impact	on	
southern	WV,	KT.	

The	Tri-State	Governor’s	Regional	Cooperation	
Chris	Stadelman	(Chief	of	Staff,	WV	Governor);	Dennis	Davin	(Sect.,	Dept.	of	Community	and	Economic	
Development,	PA)	

• Chris	Stadelman	
o Tomblin	believes	innovation	is	a	key.	Coal	needs	to	be	a	large	part	of	our	energy	needs	

along	with	shale.		
o Development	of	natural	gas	fields	are	still	in	their	infancy	and	continue	to	provide	new	

opportunities.		
o Three-pronged	approach	

§ Drug	free	and	educated	workforce.	
§ Real	opportunity	comes	from	downstream	development.		
§ Pipeline	development	and	infrastructure.		

o GOV	Tomblin	believes	that	energy	innovation	is	an	integral	to	WV	future	
o Working	on	shale	gas,	Marcellus	and	Utica.	Working	groups	to	address	research,	marketing,	

etc.	for	shale	gas.	Working	with	partners	to	determine	how	to	move	forward.	Branding	
strategy,	storage,	transport,	and	others	for	gas	produced	here.		

o Opportunities	started	with	coal,	but	none	are	like	shale	gas;	could	be	a	huge	game	changer	
in	this	region.	WV	first	state	to	pass	crosscutting	legislation	for	companies	to	extract	gas.		

o Drug	free	and	educated	workforce	is	key	to	creating	a	strong	energy	environment.		
o Extraction	of	gas	is	important,	but	downstream	development	is	very	important	as	well.		

Natural	Gas	Crackers	could	be	coming	to	Wood	county	and	others,	and	all	3	crackers	can	
benefit	all	3	states.		

o Need	to	recognize	and	brand	the	Appalachian	basin	and	region	to	compete	with	the	gulf	
coast.		

• Dennis	Davin	
o Pennsylvania	has	pursued	an	aggressive	economic	development	policy.	The	abundance	of	

natural	gas	in	southern	Pennsylvania	gives	them	a	distinct	advantage	for	development.		
o A	partnership	with	Consol	to	drill	on	airport	land	was	one	of	the	most	important	

partnerships.	It	has	injected	millions	of	dollars	back	into	the	airport	for	upgrades	and	top	
staff.	

o Ten	billion	in	infrastructure	for	natural	gas	pipelines	and	infrastructure	and	countless	
businesses	are	in	the	queue.		

o Proctor	and	Gamble	has	an	advantage	because	they	own	the	gas	and	mineral	rights,	which	
they	use	to	gain	a	competitive	advantage	over	their	competitors	through	low	cost	energy	
for	their	manufacturing	facility.		

o Shell	building	cracker	plant	in	Beaver	County	that	will	benefit	the	entire	region.		
o Relying	on	one	industry	to	support	an	entire	economy	can	result	in	significant	impact	when	

it	collapses;	must	diversify	and	increase	jobs	in	other	areas	to	sustain	the	economy.		
o Collaborating	with	WV	and	Ohio	for	a	tri-state	Shale	Gas	industry,	must	get	natural	gas	to	

market.	Many	wells	are	shut	in	due	to	lack	of	pipeline	infrastructure.	Must	build	a	world-
class	pipeline	infrastructure	and	do	it	the	right	way;	development	of	NG	industry	relies	on	
key	factors.	Must	develop	infrastructure	now	to	enable	companies	to	benefit.		
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o Need	to	work	with	industry	and	universities	to	innovate	and	establish	a	ready	workforce.	
Need	to	address	challenges	with	coal	industry,	but	may	give	an	opportunity	for	NG	
production.		

o PA	looking	at	utilizing	NG	for	benefit	of	PA.		
• Questions:		

o Why	has	the	Governor	focused	on	shale	gas	instead	of	all	of	the	above	strategies	in	all	
energy?	

§ Chris	Stadelman	answer:	New	opportunity	as	shale	was	the	focus	for	our	office,	
currently	looking	at	other	opportunities	(wind,	etc.).		

§ Dennis	Davin	answer:	diversified	economy	and	energy	sources	for	PA.		
o Low	carbon	energy	space,	comment	on	what	roles	states	can	play	in	advancing	low	carbon	

energy	in	each	state.		
o Answer	PA:	Regulatory	department	playing	big	role	in	low	carbon;	Department	funding	

sources	being	utilized;	looking	at	opportunities	for	wind	and	solar	projects	with	funding	
sources.		

o Answer	WV:	WV	has	a	number	of	wind	mill	sites,	which	can	be	controversial.	There	is	a	CCS	
pilot	plant	in	Texas	and	need	them	in	WV	and	throughout	the	region.	The	Governor	is	
focused	on	innovation	in	WV.		

Panel	2:	Innovation	opportunities	for	fossil	fuels	in	a	future	low	carbon	economy.		
Sean	Plasynski-Moderator	(TDIC,	NETL);	James	Bielenberg	(ExxonMobil);	Neeraj	Gupta	(Battelle);	Dave	
van	der	Wiel	(Babcock	&	Wilcox	Research	Center);	David	Zaziski	(Siluria)	

• Dave	van	der	Wiel:	
o “Coal	will	be	an	important	fuel	internationally	and	domestically	for	a	long	period	of	time.”	
o In	the	absence	of	market	drivers,	continued	federal	support	of	clean	coal	R&D	is	critical	

§ Incentives	to	replace	existing	coal	with	Ultra-supercritical	coal	combustion	instead	
of	only	Natural	Gas	

§ Emphasis	on	adoption	of	technologies		
§ Agree	with	CURC	CCS	technology	roadmap;	public-private	cost	share	model	

o Adoption	of	CCS	technologies	will	require	successful	large-scale	integration	demonstrations	
§ CCS	technologies	are	still	too	immature	for	full	commercialization.		
§ Corporate	investments	are	not	possible	without	a	near-term	market	

beyond	Enhanced	Oil	Recovery		
o Oxy-Combustion	Technology	

§ Chemical	looping	technology	is	promising	and	progressing	well.	
§ High-temperature	USC	materials	expertise	feeds	directly	to	sCO2	cycles.		

o CO2	capture	technology	
§ Membrane	processes	are	technically	and	financially	attractive	and	are	transferrable	

to	many	applications/markets.	
o Natural	gas	utilization		

§ Advances	in	coal	chemical	looping	transfer	directly	to	natural	gas	conversion.	
§ Greenhouse	release	of	methane	needs	to	stop	being	ignored	
§ Burning	NG	wastes	its	chemical	potential		

o B&W,	NETL,	U.S.	DOE,	The	Ohio	State	University,	and	the	Ohio	Development	Services	
Agency	are	collaborating	on	a	250	kW	pilot	plant	program	at	B&W	Research	Center.	

o B&W,	Membrane	Technology	Research	and	U.S.	DOE	are	collaborating	on	an	integrated	
pilot	test	project	for	CO2	Membrane	separation	at	1MW.	
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• James	Bielenberg:	
o Two	obvious	areas:	de-carbonization	with	methane	and	NG	conversion	to	other	products.		
o Three	main	points:	

§ Real	possibility	by	moving	gas	up	the	value	chain	
§ There	are	technology	options	to	do	this;	it	is	not	impossible	to	turn	methane	into	

other	products	
§ Areas	to	create	innovations	to	make	this	happen	

o Where	gas	is	today:	Gas	is	limited	in	end	use,	mainly	used	in	power	generation,	(about	90%	
of	methane	is	used	for	this).	Can	add	components	to	gas;	use	it	in	a	multitude	of	ways.		

o Four	key	challenges	to	methane	conversion	
§ non-oxidative	coupling:	Problem	is	it’s	very	hot,	hard	to	get	there	
§ Oxidative	Coupling:	Kinetic	problem	of	stopping	reaction	partway	through		
§ Low-temp	direct	Oxidation:	Complicated,	difficult	to	find	systems	that	work	and	

make	them	relevant	
§ Conversion	via	Syngas:	Works	well,	but	costs	a	lot.		

o “At	ExxonMobil	we	are	keenly	aware	of	the	technology-rich	nature	of	our	business.	
Technology	is	the	very	lifeblood	of	our	success	today	and	it	is	the	platform	for	our	success	
tomorrow.”	–Rex	TIllerson,	CEO	EM	corp.	

o Three	areas	of	methane	R&D:	
§ Materials	and	process	concepts	for	light	molecule	separation	
§ Theoretical	and	experimental	scoping	of	catalytic	materials	
§ Advanced	concepts	in	reactor	engineering	and	process	intensification	

• David	Zaziski:	
o One	conversion	method:	Oxidative	Coupling	for	methane	conversion		
o Petrochemicals	vs.	liquid	fuels	

§ Economies	of	scale	produce	world-scale	facilities	that	cost	many	billions	to	
construct	and	only	a	couple	companies	can	finance	these;	also	see	a	clustering	of	
these	large	facilities	(U.S.	Gulf	Coast)		

o How	can	you	utilize	(NG)	to	get	other	useful	products?	
o Breakthrough	catalytic	process	

§ World’s	largest	building	block	for	petrochemicals	
§ Cleaner	liquid	fuels	

o Siluria’s	innovative	chemistries	
§ CH4+air,	enriched	air,	or	O2=>	Ethylene	+	H2O	
§ Siluria	developed	a	catalyst	that	performs	this	process	and	has	economically	viable	

uses.		
o Integrated	pilot	operations	

§ Dow	and	Aramco	have	worked	on	this	reaction,	but	Siluria	was	successful.	Talked	to	
many	people	in	the	field	to	determine	why	things	worked	and	did	not	work.	
Incorporated	nanomaterials	and	tested.		

o Made	over	90k	options,	found	a	few	catalysts	that	performed	under	the	conditions	needed	
to	be	commercially	viable.		

o Have	a	demonstration	plant	in	La	Porte,	TX	for	this	process.	Methane	in,	ethylene	out.		
o OCM	does/is:		

§ Provides	a	pathway	to	produce	ethylene	from	NG	
§ Produces	ethylene	on	a	large	scale	
§ Only	direct	(non-syngas)	pathway	from	NG	to	fuels	
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• Neeraj	Gupta:	
o The	Midwest	Regional	Carbon	Storage	Partnership	consists	of	10	states	in	partnership	and	

includes	members	from	geology	companies,	universities,	and	other	industries.	Work	on	the	
Phase	III	MRCSP	partnerships	is	ongoing.		

o Several	projects	with	Carbon	Storage	
§ MRCSP	Leadership	
§ AEP	mountaineer	geologic	storage	
§ Geologic	storage	for	FutureGen	
§ Assessment	of	wellbore	integrity	
§ Simplified	modeling	for	CO2	storage	
§ Mid-Atlantic	U.S.	offshore	CO2	Storage	
§ CO2	geologic	storage	in	the	ARCHES	province	
§ Developing	CO2	Storage	options	in	Ohio	
§ Improved	recovery	for	small	producers	in	Ohio	
§ Brine	disposal	potential	in	the	Appalachian	Basin	
§ Geomechanical	framework	for	fluid	injection	
§ Exporting	technology		

• China,	Mexico,	South	Africa,	Japan	all	working	with	Battelle	
o Building	a	map	across	10	states	for	potential	CO2	Storage	sites.		

§ State	geological	surveys	are	utilized		
o Characterization	work	with	NG	and	Brine	industries	to	identify	new	storage	horizons	
o CO2	utilization	in	Ohio	oilfields	is	of	interest.	
• Question:	Question:	Worried	we’re	putting	too	many	eggs	in	CO2	capture	basket,	

(nanotech,	etc.)	any	work	beyond	CO2	capture?	
o Exxon	interested	in	different	possibilities,	but	in	looking	at	the	size	of	the	power	

market,	it	is	hard	to	justify	backing	away	from	power	generation.	Hard	to	develop	a	
whole	new	technology	if	it’s	a	niche	product.			

• David:	different	stages	of	innovation	cycle	funding	
o Raised	over	$170M	in	investment	capital;	big	investment	unmatched	from	venture	

investors.	Regulatory	side:	tactically	build	where	permitting	is	easier.	During	scale	
up,	any	gap	is	traumatic	to	the	organization.	
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Innovation	Opportunities	in	other	Clean	Energy	Technologies	
Court	Gould-Moderator	(Sustainable	Pittsburgh);	Stewart	Prager	(Plasma	Physics	Laboratory);	Dr.	Edward	
Herderick	(GE	Corporate	Supply	Chain	and	Operations);	Denise	Swink	(Smart	Manufacturing	Leadership	
Coalition)	

• Denise	Swink	
o Opportunities	to	invigorate	a	better	supply	chain	
o Manufacturing	challenges	and	innovation	approaches	on	the	enterprise	level.	
o Organization	infuses	more	intelligence	in	manufacturing	

§ Majority	of	manufacturing	is	still	not	technologically	sound,	need	to	increase	focus.	
§ Group	of	companies	has	collaborated	to	build	a	prototype	for	a	smart	

manufacturing	database	of	hardware	and	software	to	solve	manufacturing	
problems	while	creating	a	lively	marketplace.		

§ Pay	for	what	you	need	when	you	need	it,	not	locked	into	one	technology,	grow	
where	you	want	to.	Eliminates	non-integration	in	a	plant.	Cloud-based	platform	to	
knit	together	these	things.		

§ Energy	perspective:	Most	manufacturing	designed	to	an	energy	efficiency	level	only	
after	the	utility	bills	are	paid.	Give	them	the	tools	and	capabilities	that	drive	down	
the	risk	of	trying	new	technology.		

• Stewart	Prager	
o Fusion	is	a	global	enterprise	at	the	moment.	Sale	of	fusion	reactors	is	a	long	way	off,	but	

will	be	a	truly	transformative	carbon	safe	energy.	Fusion	is	completely	devoid	of	
greenhouse	gasses	(GHGs).	The	industry	is	not	there	yet	because	fusion	is	very	difficult	and	
funding	has	never	been	enough	to	build	the	test	beds	needed.	

o Special	moment	for	fusion	energy	
§ ITER	facility	(operational	in	10	years)	in	south	of	France	(international	

collaboration).	Will	generate	500MW	of	fusion	for	8	min	at	a	time.	No	energy	on	
the	grid,	but	just	testing	many	of	the	technologies	for	fusion.	US	a	9%	partner,	$4-
5B	being	spent	in	U.S.	fabricating	components.		

o Challenges	remain:	
§ Scientific	challenges	of	plasma	control,	sustainability	
§ Technological	challenges:	surround	plasma	with	material	for	long	period	of	time.	

Additive	manufacturing	will have big impact. 
o Who is supporting Fusion? 

§ U.S. Russia, other governments supporting fusion research; private sector 
investment in last decade.  

• Dr. Edward Herderick 
o Digital industrial revolution, ties from WVU and GE 
o Industrial revolution between IT and physical assets and how additive manufacturing fits 

into place.  
o Opportunity for all industry in WV region for manufacturing and supply chain.  
o Brilliant factory 

§ Driven by digital thread; software tied to everything; AI and machine learning at the 
core.  

o Digital analytics for managing assets 
§ New elements for software and digital analytics to drive efficiency across all power 

plants 
§ Monitoring, focusing on uptime, in-situ monitoring and maintenance of power 

plants 
§ This region can build on current expertise to innovate on a global scale.  



11-49

 

 

Mid-Atlantic Region Energy Innovation Forum 44 of 85 

 

o Huge opportunities in additive manufacturing 
 

• Michael N. Worley 
o Nuclear energy issues are time, cost, etc.  

§ RD&D requires lots of time and expense; small venture capital companies will not 
invest.  

§ National Labs have capabilities, but no way to convey these capabilities 
o Plant design and licensing of nuclear power plants is slow right now 
o Making available nuclear capabilities, computational capabilities, and modeling and 

simulation tools.  
o Initiated a pilot voucher system to make funds available  
o Small startup firms don't have the resources to invest in a large undertaking such as 

nuclear energy. 
o Partnering with EPRI for powdered metal and other additive manufacturing 

§ Could make nuclear energy a viable option if costs are decreased. 
• Questions:  

o Brian - Fusion energy sciences ongoing at WVU, moved fusion reactor to campus; 
materials science transcends fuel type and is being explored heavily in this region.  

o What are some of the other crosscutting technologies and challenges in additive 
manufacturing for developing materials able to withstand harsh environments? 

§ GE: additive manufacturing includes many different technologies (i.e., making 
tooling, casting/welding, etc.) investigation into how we use this to casting base; 
two challenges: 

• Making larger castings 
• Replace castings/forgings with welds, not a show stopper but is difficult.  

o Connecting innovation in learning: How do you connect ongoing research to education? 
§ Denise: Companion workforce stream, curriculum development and research. Shell 

is a member and is working in the Gulf Coast to develop a pilot test facility for 
training and experimentation.  

Panel	4:	Policies	Facilitating	Sustainable	Clean	Energy	Development	
Scott	Rotruck-Moderator	(Spilman	Thomas	&	Battle);	Jan	Mares	(Resources	for	the	Future);	Gary	Helm	
(PJM	Interconnection);	Mike	Casper	(National	Rural	Electric	Cooperative	Association)	

• Jan	Mares	
o Citizens,	For-Profit	and	Non-Profit	organizations,	and	Government	can	facilitate	clean	

energy	development.		
o Clean	energy	development	needs	policies	that	facilitate:			

§ Support	for	public	and	private	sector	efforts	to	inform	public	about	potential	
threats	from	and	means	of	addressing	climate	change	

§ Research	to	determine	extent	of	effectiveness	of	‘clean	energy’	technologies	and	
energy	efficiency	policies	as	a	means	of	making	them	more	effective	

§ Continued	federal	support	for	“clean	energy”	R&D	
§ Federal	government	can	provide	tax	incentives	for	CCS	
§ Continued	efforts	to	promote	energy	efficiency	including	regulation	
§ Training	people	for	new	occupations	
§ 	Increasing	the	price	of	carbon	emissions,	which	will	drive	changes	in	business	

activities	and	investments	in	low-carbon	manufacturing	goods	and	services	
§ Early	adoption	of	clean	energy	technologies	and	services	by	government.		

• Gary	Helm	
o PJM	Interconnection	operates	high	voltage	grid	in	this	region.		 	
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o Shale	gas	has	changed	economics	of	PJM	dramatically.		 	
§ Make	sure	there	are	enough	resources	three	years	in	advance		
§ Coal	production	decreased	after	early	2015,	with	oil	and	gas	expected	to	increase	

drastically.		
§ Other	technologies	will	be	coming	online	if	economically	viable,	but	80%	of	market	

additions	since	2007	have	been	Gas.		
§ Overall,	coal	is	down	and	natural	gas,	nuclear,	and	renewables	are	up.		

• Mike	Casper	
o Rural	areas	comprise	11%	of	power	consumption,	but	they	are	an	integral	part	of	energy	

generation.		
o Changed	landscape	from	2015	to	2016	

§ Extension	of	ITC/PTC:	20-25%	increase	in	renewables	
§ Low	natural	gas	prices:	expected	to	remain	in	$3-5	range	or	less	

• Impacts	on	coal:	generation	17%	lower	over	2016-2040	period	
o Strategic	solutions:	

§ Keeping	fossil	generation	in	the	game:	
• Carbon	utilization	
• Local	generation	

§ Environmentally	beneficial	electrification	
• Increased	efficiency	
• Declining	carbon	intensity	of	electricity	

o Local	Generation	Value	
§ Developing	local	options	(solar,	other)		

o The	“Community	Storage	Initiative”-Beneficial	Electrification	
§ Electric	water	heater:	incentive	free	water	heater,	discounted	community	solar	

panels	
§ Electric	vehicle:	incentive	free	wind	power	upgrade,	discounted	charging	station	
§ Tesla	Powerwall	

o Heath	Dennis	spoke	on	Carbon	Reduction	
§ Increased	efficiency	of	electric	utilities	(heat	pumps,	etc.)	
§ Declining	CO2	intensity,	less	coal,	more	natural	gas,	nuclear,	renewables	to	meet	

carbon	reduction	targets	by	2030.		
o Frequency	and	Voltage	research	solutions	
o Grid	Ballast	Project:	ARPA-E	project	

§ Electronic	device	to	help	create	autonomous	frequency	regulation	to	respond	in	
real-time	without	communications	and	built	into	consumer	electronics.		

• Natural	gas	could	be	the	next	coal	just	as	coal	was	in	the	past.	Don’t	prematurely	write	off	energy	
sources.	Innovation	means	thinking	outside	of	the	box;	with	the	right	amount	of	innovation	this	can	
be	a	game	changer	

• Carey	Butler:	
o Must	have	economic	indicators	to	direct	market,	others	contradicting	this.	
o John	Mares:	Elected	officials	are	not	going	to	talk	about	this;	there	is	much	discussion	on	

both	sides,	but	much	more	discussion	now	than	before	President	Obama	was	elected.	This	
will	be	a	big	issue	if	Hillary	Clinton	is	elected.	There	is	a	lot	of	discussion	underway	on	many	
aspects	of	a	tax	incentive.	RFF	funded	to	put	together	five	models	any	questions	concerning	
Carbon	impacts	on	the	economy.		

• Debbie:	two	questions:	
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o Carbon	taxes	do	not	work	based	on	current	examples,	what	do	you	think	of	this?		
§ B.C.s	has	worked	well,	but	view	of	effectiveness	is	based	on	what	has	happened	in	

the	world	(mixed	views).		
o What	do	you	think	the	percentage	of	renewables	will	be	by	2020-2025	

§ Mike:	NERL	study	showing	that	up	to	30%	renewables	by	2030	interconnected	in	
the	east	(of	Mississippi	river);	a	lot	of	money	needs	to	be	spent	on	transmission	for	
this	to	happen,	it	will	take	time.		

§ Gary:	Renewables	are	progressing,	but	we	are	not	going	to	be	overwhelmed.	Will	
still	have	lots	of	nuclear	energy	and	natural	gas	going	forward;	not	going	to	be	
destructive.		

o Investment	tax	credit	for	coal	vs.	renewables.		
§ Gary:	needs	to	be	competitive,	and	must	have	CCS,	so	tax	credit	still	not	going	to	be	

enough.		
o Kelly	P:	regional	competitiveness,	job	creation,	and	transitioning	appropriately,	any	issues	

with	private	investors	without	federal	carbon	policy?	
§ John:	Risk	in	every	business;	there	is	no	greater	risk	of	having	a	price	on	carbon	vs.	

not,	but	research	based	is	a	better	way	to	address	a	very	important	issue	
o Impact	of	structural	change	on	coal	workers	and	how	renewables	will	replace	them.	

Salaries	in	renewables	vs.	coal,	how	this	may	happen.	
§ John:	jobs	in	this	area	with	petrochemicals	could	be	huge.		
§ Gary:	Don’t	look	at	job	economics,	just	focus	on	reliability.	Employment	levels	at	

plant	vs.	mining	are	large,	but	no	comment	really.		
§ Scott:	Need	to	find	some	way	to	train	displaced	workers	to	make	them	productive	

again.		
 

Panel	5:	Regional	Innovation	Investment	and	Commercialization	
Mike	Green-Moderator	(WV	Growth	Investment	Fund);	Jeffrey	McDaniel	(Innovation	Works);	Joseph	
Hezir	(CFO,	DOE);	Mark	Nydam	(Accordant	Energy)	

• Mike	Green	
o Very	little	venture	capitalism	in	this	region	

• Jeffery	McDaniel	
§ Model	to	think	about,	Innovation	Works.		
§ An	early,	state	seed	investor;	identify	startups	and	concepts	that	are	right	for	

investment	and	help	them	cross	some	boundaries	
§ Part	of	the	Ben	Franklin	technology	partnership	
§ Non-profit,	but	do	focus	on	energy	and	manufacturing	and	model	the	for-profit	

venture	space	instead	of	a	more	traditional	stance.	We	want	to	make	sure	that	
companies	get	a	head	start	on	thinking	how	they	will	progress.			

§ In	addition,	we	have	Acceleration	Programs	that	have	evolved	over	time.	Ben	
Franklin	Technology	Partners	located	throughout	PA	evolved	to	better	
accommodate	the	region.	These	organizations	help	address	the	lack	of	venture	
capital	in	this	region.	Limited	to	investments	in	PA,	but	unlimited	in	their	nine	
county	swath.		

§ All	of	the	above	approach	from	energy	and	portfolio	perspectives	
§ Good	news	is	pipeline	continues	to	grow,	bad	news	is	that	you’ve	got	a	growing	

pipeline	of	good	ideas	without	enough	capital	to	motivate	it.		
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§ Key	take	aways:	partnering	(public	and	private);	access	to	resources	means	more	
than	just	capital,	it	means	providing	test	beds	to	prove	concepts.	Regional	
Development	is	also	important;	most	starter	companies	will	make	it	by	selling	their	
products	in	a	region	other	than	this.	Finally,	we	all	can	help	the	U.S.	increase	its	
energy	IQ.	The	investment	community	needs	to	increase	its	IQ,	and	we	all	need	to	
work	on	educating	the	workforce	to	understand	the	impacts	energy	has	on	all	of	us.		

• Joseph	Hezir		
o Presentation	focused	on	several	areas	
o Two	commercialization	incentives:	CCUS	Tax	credit	and	loan	guarantees.		
o Commercialization	is	both	an	outcome	and	driver	of	the	innovation	process	
o Future	of	NG	study;	lots	of	research	after	regulations	in	1970s,	moved	to	private	sector	

with	GRI	Funding	steady	over	16	years,	implemented	a	time	limited	tax	credit.	Production	
under	this	tax	credit	is	slow	but	steady.	Once	all	the	technologies	came	together,	NG	
production	boomed.		

o CCUS	tax	credit	issue:	
§ New	Investment	Tax	Credit	(ITC),	30%	of	the	installed	cost	of	the	eligible	property,	

new	or	retrofitted	electric	generating	units;	eligible	property	includes	carbon	
capture	tech	with	CO	transportation	and	storage	infrastructure	(pipeline,	wells,	and	
monitoring	systems),	$2B	cap,	credit	if	refundable	

o Expanded	Sequestration	Tax	credit	(STC)	
§ $10	per	metric	ton	for	CO2	that	is	beneficially	reused;	$50	per	metric	ton	for	CO2	

that	is	not	beneficially	reused	(geologic	storage,	etc.)	
o How	tax	incentives	have	significant	leverage	

§ ITC	lowers	up-front	investment	in	CCUS	by	30%;	STC	results	in	$3.8/MWh	cost	
savings	for	every	$10/ton	of	carbon	sequestered	

o DOE	modeling	analysis	found	significant	commercial	market	potential	
§ Modeling	can	incentivize	30	GW	of	coal	and	NG	CCUS	by	2030	and	up	to	50	GW	by	

2040.		
§ Also	provides	options	for	CO2;	beneficial	use	vs.	non-beneficial	use	depends	on	

relative	difference	between	the	levels	of	both	STCs.		
o DOE	Credit	authority	available	for	a	wide	range	of	innovative	technologies.		

§ $40B	in	
• Advanced	vehicle	technologies	
• Advanced	Fossil	energy	
• Renewable	energy	
• Advanced	nuclear	energy	

• Mark	Nydam	
o Diversifying	and	revitalizing	regional	rural-based	partnerships		
o Challenges	for	regional	rural	based	economies		
o Regional	income	dependency	
o Regional	imbalance	in	export	GDP	ratios	
o Community	by	community	competition		
o Resource	extraction	focus		
o Adverse	impacts	on	regulatory	changes	
o Basic	community	focus	–	no	value	added		
o Declining	labor	participation		
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o Industry	cluster	approach	identifies	the	competitive	segments	of	an	economy	that	can	drive	
economic	diversification	and	revitalization.	Examples	for	this	region	include:	

§ Coal	
§ Technology	
§ Manufacturing	
§ Agriculture	
§ Tourism	
§ Timber	

o Use	the	Porter	Diamond/SWOR	Analysis	and	get	a	roadmap	for	diversification	
o Successful	application	in	a	rural	area	creates	certain	challenges:	

§ Larger	geographies	mean	more	upfront	effort	identifying	and	facilitating	
collaboration.	

§ Rural	collaboration	is	difficult	due	to	more	traditional	views;	need	to	understand	
that	economic	success	is	not	a	zero-sum	game.	

§ Local	leaders	meet	to	identify	opportunities	and	drive	changes;	need	to	lead	the	
effort	to	overcome	“victim	mentality”.	

o Regional	Approach	Components:	
§ Financing	Facility	
§ Economic	Development	Plan	
§ Business	Incubator	Networks	

o Benefits	of	this	approach	are:	
§ Approached	from	a	practical	business	standpoint	that	makes	economic	sense	and	

drives	economic	benefits	
• Question:	Tie	some	things	together;	commercialization	in	the	region,	diversification,	and	demand-

side	push	and	pull	in	the	region.		
o Joseph:	shale	gas	utilization	is	one	driver,	but	CCS	and	Carbon	Management	could	form	a	

cluster.	The	supply	chain	is	one	area	that	was	discussed	very	little.	An	opportunity	exists	
that	could	help	drive	growth	in	this	area.		

o Jeffery:	Cluster	concept	is	a	very	good	one,	but	the	cluster	is	energy	as	a	whole	instead	of	
one	technology.	We	have	some	of	just	about	every	technology	in	these	32	counties	here.		

o Mark:	Services	could	be	interesting	too,	and	provide	good	paying	jobs.		
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E. Regional University Stakeholders 

  

Institution Public/Private City State
Carnegie	

Classification
Carnegie	Mellon	University Private Pittsburgh PA R1

Case	Western	Reserve	University Private Cleveland OH R1
George	Mason	University Public Fairfax VA R1

George	Washington	University Private Washington DC R1
Georgetown	University Private Washington DC R1
Johns	Hopkins	University Private Baltimore MD R1
Ohio	State	University Public Columbus OH R1

Pennsylvania	State	University-Main	Campus Public University	Park PA R1
Princeton	University Private Princeton NJ R1

Rutgers	University-New	Brunswick Public New	Brunswick NJ R1
Temple	University Public Philadelphia PA R1

University	of	Cincinnati-Main	Campus Public Cincinnati OH R1
University	of	Delaware Public Newark DE R1
University	of	Kentucky Public Lexington KY R1
University	of	Louisville Public Louisville KY R1

University	of	Maryland-College	Park Public College	Park MD R1
University	of	Pennsylvania Private Philadelphia PA R1

University	of	Pittsburgh-Pittsburgh	Campus Public Pittsburgh PA R1
University	of	Virginia-Main	Campus Public Charlottesville VA R1
Virginia	Commonwealth	University Public Richmond VA R1

Virginia	Polytechnic	Institute	and	State	University Public Blacksburg VA R1
West	Virginia	University Public Morgantown WV R1
American	University Private Washington DC R2

Bowling	Green	State	University-Main	Campus Public Bowling	Green OH R2
Catholic	University	of	America Private Washington DC R2
Cleveland	State	University Public Cleveland OH R2
College	of	William	and	Mary Public Williamsburg VA R2

Drexel	University Private Philadelphia PA R2
Duquesne	University Private Pittsburgh PA R2
Howard	University Private Washington DC R2

Kent	State	University	at	Kent Public Kent OH R2
Lehigh	University Private Bethlehem PA R2

Miami	University-Oxford Public Oxford OH R2
New	Jersey	Institute	of	Technology Public Newark NJ R2
Ohio	University-Main	Campus Public Athens OH R2

Old	Dominion	University Public Norfolk VA R2
Rutgers	University-Newark Public Newark NJ R2

Stevens	Institute	of	Technology Private Hoboken NJ R2
University	of	Akron	Main	Campus Public Akron OH R2

University	of	Dayton Private Dayton OH R2
University	of	Maryland-Baltimore	County Public Baltimore MD R2

University	of	Toledo Public Toledo OH R2
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F. Attendee List 

Last	Name	 First	Name	 Company/Organization	
Abramson	 Alexis	 Case	Western	Reserve	University	
Adams	 John	 WVU	Energy	Institute	
Anderson	 Brian	 West	Virginia	University	
Anderson	 Dianne	 Anderson	Energy	
Bajura	 Richard	 West	Virginia	University	
Baker	 Chelsea	

	Barth	 Anne	 TechConnect	West	Virginia	
Beard	 David	 Post	
Bentzel	 Suzanne	 West	Virginia	University	
Bielenberg	 Jim	 ExxonMobil	Research	&	Engineering	
Blankenship	 George		 First	Energy	
Bochenek,	
Ph.D.	 Grace		 U.	S.	Department	of	Energy,	National	Energy	Technology	Laboratory	
Boechler	 Andrew	 GE	Oil	and	Gas	
Boggs	 Mara	 Office	of	U.S.	Senator	Joe	Manchin	
Bolt	 John	 WVU	News	Services	-media	
Brickett	 Lynn	 USDOE-	National	Energy	Technology	Laboratory	
Butler	 Carey	 KeyLogic	Systems,	Inc.	
Caputo	 Mike	 WV	House	of	Delegates	
Casper	 Mike	 National	Rural	Electric	Cooperative	Association	
Challman	 Don	 University	of	Kentucky	Center	for	Applied	Energy	Research	
Cilento	 Gene	 WVU	Statler	College	
Clutter	 Greg	 MATRIC	
Cohen	 Jed	 Division	of	Economics	and	Management	
Cokeley	 Hampton	 U.S.	Senator	Shelley	Moore	Capito		
Cole	 David	 The	Ohio	State	University	
Davin	 Dennis	 Department	of	Community	and	Economic	Development	
Dennison	 Cory	 Vision	Shared	
Deskins	 John	 WVU	College	of	Business	and	Economics	
Dewitt	 Gabe	

	DiGregorio	 Kevin	 Chemical	Alliance	Zone	
Ditmore	 Mary	 West	Virginia	University	
Dorsey	 Mark		 AFL	CIO	
Doyle	 Dan	 NETL	
Dunaway	 Gregory	 West	Virginia	University	
Erickson	 Mary	E.		

	Esselman	 Tom	 LPI,	Inc.	
Ferrell	 Mark		 EPA	Region	3	
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Fershee	 Joshua	 West	Virginia	University	College	of	Law	
Last	Name	 First	Name	 Company/Organization	
Forde	 Steve	 XTO	Energy	
Foster	 David	 U.S.	Department	of	Energy	
Francis	 Chad	 UMWA	
Fulay	 Pradeep	 WVU	Statler	College	
Gee	 Gordon	 West	Virginia	University	
Gellman	 Andrew	 Carnegie	Melon	University	
Getty	 Pat	 Benedum	Foundation	
Gould	 Court	 Sustainable	Pittsburgh	
Green	 Michael	 West	Virginia	Growth	Investment	Fund	
Greza	 Lucas	

	Gupta	 Neeraj	 Battelle	
Hammock	 Jon	 KeyLogic	Systems,	Inc.	
Harbaugh	 Matt	 Office	of	Transformation	
Helm	 Gary	 PJM	Interconnection	
Herderick	 Ed	 GE	Corporate	Supply	Chain	and	Operations	
Herholdt	 Jeff	 West	Virginia	Division	of	Energy	
Hezir	 Joseph	 HQ	DOE	
Hill	 Brian	 Richard	King	Mellon	Foundation	
Hindman	 John	 Leidos	
Ho	 Jacqueline	 Resources	for	the	Future	
Hohn	 Michael	 West	Virginia	Geological	Survey	
Hu	 John	 WVU	
Jarrell	 Joshua		 West	Virginia	Department	of	Commerce	
Junkins	 Casey	 The	Review	Wheeling,	WV	
Kelly	 Katrina		 University	of	Pittsburgh,	Centre	for	Energy	
King	 Chris	 U.S.	Department	of	Energy	
King	 Fred	 West	Virginia	University	Research	Office	
Koepke	 Mark	 WVU		-Physics	
Lakatos	 Margie		 U.S.	Department	of	Energy,	National	Energy	Technology	Laboratory	
Lane	 Annie		 Battelle	
Liu	 Xingbo	 West	Virginia	University	
Manchin	 Joe	 U.S.	Senator	
Mares	 Jan	 Resources	for	the	Future	
Mattise	 Jonathan		 Associated	Press	
McDaniel	 Jeffrey	 Innovation	Works	
McKinley,	P.E.	 David	B.	 U.S.	Representative	
Meagan	 Yachini	

	Miller	 Bob	
	Moniz	 Ernest	 U.S.	Secretary	of	Energy	
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Morreale	 Bryan	 national	energy	technology	laboratory	
Murphy	 Sheena	 WVURC	
Last	Name	 First	Name	 Company/Organization	
Nuzum	 Clinton	

	Nydam	 Mark	 Accordant	Energy	
Osborne	 Rod	 Battelle	
Peduto	 Guy	 INNOVA	Commercialization	Group	
Plasynski	 Sean	 U.S.	Department	of	Energy	-	National	Energy	Technology	Laboratory	
Prager	 Stewart	 Princeton	Plasma	Physics	Laboratory	
Ramsey	 John	 KeyLogic	Systems	
Raney	 Bill	 West	Virginia	Coal	Association	
Rasar	 Kimberly	

	Riivald	 Marje	 WVUEI	
Robison	 Daniel	 WVU	-	Davis	College	of	Agric,	Nat	Resources	and	Design	
Rotruck	 Scott	 Spilman's	Thomas	&	Battle	
Runyon	 Sam	 Senator	Joe	Manchin	III	(D-WV)	
Sanjaya	 Dr	 West	Virginia	State	University	Energy	and	Environmental	Science	Institute	
Sell	 Jessica	 Fairmont	State		Foundation	
Shaffer	 Budd	 Deloitte	
Stadelman	 Chris	 Office	of	Gov.	Earl	Ray	Tomblin,	West	Virginia	(Sherri	is	Mr.	Stadelman's	admin)	
Stine	 Deborah	 Carnegie	Mellon	University	Scott	Institute	for	Energy	Innovation	
Stores	 Katie	 WVU,	Eberly	College,	Office	of	the	Dean	
Swink	 Denise	 Smart	Manufacturing	Leadership	Coalition	
Taylor	 Samuel	 WVU	Energy	Institute	
van	der	Wiel	 David	 Babcock	&	Wilcox	Research	Center		
Van	Nostrand	 James	 WVU	College	of	Law	Center	for	Energy	and	Sustainable	Development	
Venuto	 Sarah	 Senator	Joe	Manchin	III	(D-WV)	
Veser	 Goetz	 University	of	Pittsburgh	
Vu	 Cung	 Case	Western	Reserve	University	-	Chevron	(Retired)	
Wafle	 Trina	 WVU	National	Research	Center	for	Coal	and	Energy	
Webb	 Erik	 Sandia	National	Labs	
Wheatley	 Beth		 The	Nature	Conservancy	
Wheeler	 Sarah	 West	Virginia	University	
Wilson	 James	 National	Energy	Technology	Laboratory	(DOE)	
Winberg	 Steven	 Battelle	Memorial	Institute	
Wood	 Farley	 Tetra	Tech	Inc.	
Wood	 James	 West	Virginia	University	
Worley	 Michael	 U.S.	Department	of	Energy	
Zapinski	 Ken	 Allegheny	Conference	on	Community	Development	
Zaziski	 David	 Siluria	Technologies,	Inc.	
Ziemkiewicz	 Paul	 Water	Research	Institute	
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Brian	J.	Anderson	is	the	GE	Plastics	Materials	Engineering	Professor	in	chemical	engineering	at	
West	Virginia	University	(WVU).		
	
He	was	awarded	the	2012	Presidential	Early	Career	Awards	for	Scientists	and	Engineers,	the	
highest	honor	bestowed	by	the	U.S.	government	on	science	and	engineering	professionals	in	the	
early	stages	of	their	independent	research	careers.	He	has	been	a	NETL-RUA	Faculty	Fellow	at	the	
National	Energy	Technology	Laboratory	since	2008	where	he	is	the	coordinator	of	the	
International	Methane	Hydrate	Reservoir	Simulator	Code	Comparison	study.	Dr.	Anderson	
received	his	Bachelor’s	degree	in	chemical	engineering	in	2000	at	WVU	and	his	MS	and	PhD	in	
chemical	engineering	from	the	Massachusetts	Institute	of	Technology	in	2004	and	2005	
respectively.		
	
After	joining	the	faculty	at	WVU	in	January	of	2006,	he	coauthored	the	MIT	report,	“The	Future	of	
Geothermal	Energy:	Impact	of	Enhanced	Geothermal	Systems	(EGS)	on	the	United	States	in	the	
21st	Century,”	considered	the	seminal	report	on	EGS	and	the	future	of	geothermal	energy.		He	was	
awarded	the	College	of	Engineering	and	Mineral	Resources	New	Researcher	of	the	Year	in	2007.	In	
2010,	Dr.	Anderson	was	selected	to	the	National	Academy	of	Science's	2010	Frontiers	of	
Engineering	Education	Workshop,	named	the	College	of	Engineering	and	Mineral	Resources	
Teacher	of	the	Year,	and	was	the	Opening	Keynote	speaker	at	the	inaugural	2010	Gordon	Research	
Conference	on	Gas	Hydrates.		

	
In	2011,	he	was	awarded	a	Secretary	Honor	Achievement	Award	from	the	Secretary	of	the	
Department	of	Energy	for	his	role	on	the	Flow	Rate	Technical	Group,	a	team	spanning	multiple	
National	Laboratories	that	worked	in	response	to	the	Deepwater	Horizon	oil	spill.	He	serves	on	the	
technical	advisory	board	of	AltaRock	Energy	and	as	a	member	of	the	DOE	Geothermal	Strategic	
Planning	and	Analysis	Working	Group.	In	the	summer	of	2011,	along	with	colleagues	from	Stanford,	
MIT,	Cornell,	University	of	Utah,	Southern	Methodist	University,	and	the	University	of	Nevada,	he	
cofounded	the	National	Geothermal	Academy.	His	research	interests	include	molecular,	reservoir,	
and	multiscale	modeling	applied	to	energy	and	biomedical	systems.	

	

Dr. Brian Anderson  
Directory, WVU Energy Institute 
West Virginia University 
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James	Bielenberg	is	a	senior	engineering	associate	in	ExxonMobil’s	Corporate	Research	Laboratory	
in	Clinton,	NJ.		Jim	received	a	BS	in	Chemical	Engineering	from	the	University	of	Nebraska	(1999)	
followed	by	a	MS/PhD	in	Chemical	Engineering	from	the	Massachusetts	Institute	of	Technology	
(2000-2003).			After	completion	of	his	graduate	work,	Jim	was	awarded	a	National	Security	Post-
Doctoral	fellowship	at	Los	Alamos	National	Laboratory	(2003-2005).			At	both	MIT	and	LANL,	Jim’s	
research	focus	was	on	theoretical	aspects	of	fluid	flow	in	complex	systems.		Upon	completion	of	
his	post-doctoral	fellowship,	Jim	joined	ExxonMobil	where	he	has	worked	on	new	process	
development	across	a	broad	range	of	applications	including	heavy	oil	processing,	electrochemistry,	
gasification,	and	biofuels.		Currently,	Jim	is	leading	ExxonMobil’s	portfolio	of	activities	in	direct	
methane	conversion.		Jim	is	an	author	of	5	peer	reviewed	publications	and	an	inventor	on	15	
granted	US	patents.		
	
	

	

	

	

	

	

	
	

James Bielenberg 
Senior Engineering Associate  
ExxonMobil’s Corporate Research Laboratory 
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	Dr.	Grace	M.	Bochenek,	Director	of	the	National	Energy	Technology	Laboratory	(NETL),	oversees	a	
broad	range	of	energy	and	environmental	research	and	development	programs	that	advance	
energy	options	to	economically	power	homes,	industries,	and	businesses	while	protecting	the	
environment	and	enhancing	U.S.	energy	independence.		

As	Director,	Dr.	Bochenek	manages	a	diverse	$15	billion	project	portfolio	that	seeks	to	discover,	
integrate	and	mature	technology	solutions	to	enhance	the	Nation’s	energy	foundation	and	protect	
the	environment	for	future	generations;	oversees	partnerships	with	academia	and	the	private	
sector;	and	manages	the	laboratory’s	technical	competencies	in	computational	science	and	
engineering,	materials	engineering	and	manufacturing,	geological	and	environmental	systems,	
energy	conversion	engineering,	and	systems	analysis	and	engineering.		

As	a	member	of	the	federal	government	Senior	Executive	Service	with	more	than	30	years	of	
executive	level	technical	and	managerial	experience,	Dr.	Bochenek	is	well-versed	in	all	aspects	of	full	
system	life	cycle	management,	including	science	and	technology	investment	strategies,	technology	
maturation	and	integration,	procurement	acquisition	strategies,	and	performance	analyses,	with	an	
emphasis	on	strategic	alliances,	partnerships,	and	global/international	programs.		

Before	joining	NETL	in	October	2014,	Dr.	Bochenek	was	the	first	Chief	Technology	Officer	at	the	
U.S.	Army	Materiel	Command,	where	she	served	as	the	principal	technical	advisor	on	all	
engineering	and	scientific	activities	within	the	command	and	provided	management	oversight	to	
the	command’s	six	regional	centers,	the	Army	Research	Laboratory,	and	the	Army	Materiel	
Systems	Analysis	Agency.	Prior	to	this	position,	Dr.	Bochenek	led	research,	development	and	
engineering	strategies	as	Director	of	the	U.S.	Army	Research,	Development	and	Engineering	
Command’s	U.S.	Army	Tank	Automotive	Research,	Development	and	Engineering	Center.		

Dr.	Bochenek	earned	a	B.S.	in	electrical	engineering	from	Wayne	State	University,	an	M.S.	in	
industrial	and	systems	engineering	from	the	University	of	Michigan,	and	a	Ph.D.	in	industrial	
systems	engineering	from	the	University	of	Central	Florida.		

Dr. Grace M. Bochenek 
Director of the National Energy Technology 
Laboratory 
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Mike	Casper	has	more	than	twenty	five	years	of	experience	in	renewable	and	clean	energy	project	
development,	engineering,	construction,	operations	and	management.	At	NRECA	since	2012,	
Casper	evaluates	and	provides	technical	input	on	policy	and	legislation	relevant	to	the	electric	
utility	sector.	He	also	works	with	NRECA	members	to	shape	and	conduct	research	designed	to	help	
the	nation’s	more	than	900	member-owned,	not-for-profit	electric	cooperatives	chart	a	
sustainable	path	forward.	Before	coming	to	NRECA,	Casper	worked	more	than	ten	years	as	an	
independent	power	producer	developing,	constructing	and	operating	clean	energy	generation	
facilities.	Casper	also	spent	more	than	ten	years	with	a	national	engineering	firm	designing	and	
consulting	on	a	diverse	mix	of	electric	generation	options.	Casper	holds	an	MBA	from	DePaul	
University	and	a	BS	in	Mechanical	Engineering	from	the	University	of	Wisconsin-Platteville.	
Contact	Mike	Casper	at	mike.casper@nreca.coop.	

	

	 	

Mike	Casper	
Senior	Manager,	Business	and	Technology	Strategies	
National	Rural	Electric	Cooperative	Association	
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Dennis	M.	Davin	
Secretary,	Pennsylvania	Department	of	Community	and	Economic	
Development		

	

	

	

	

	

Dennis	M.	Davin	was	appointed	to	serve	as	Secretary	of	the	Department	of	Community	and	
Economic	Development	in	January	2015	by	Governor	Tom	Wolf.		

Prior	to	his	appointment,	Secretary	Davin	served	as	Director	of	the	Allegheny	County	Economic	
Development	since	March	2004.	During	his	time	at	the	Allegheny	County	Economic	Development,	
Secretary	Davin	was	responsible	for	the	overall	development	and	implementation	of	the	economic	
development	strategy	for	Allegheny	County.	He	managed	funding	from	local,	state	and	federal	
resources	to	implement	economic	development	activities	such	as:	site	development,	new	job	
creation	initiatives,	community	development	and	affordable	housing	for	approximately	1.25	
million	citizens	in	130	municipalities.	He	also	served	as	Director	of	the	Allegheny	County	
Redevelopment	Authority	and	Executive	Director	of	the:		Industrial	Development	Authority,	
Hospital	Development	Authority,	Higher	Education	Building	Authority	and	Residential	Finance	
Authority.			

Secretary	Davin	is	a	former	board	member	and	treasurer	of	the	Allegheny	County	Airport	
Authority;	as	well	as	a	former	member	of	the	Pittsburgh	Regional	Alliance	Partnership,	Three	
Rivers	Workforce	Investment	Board,	International	Economic	Development	Council,	and	National	
Association	for	Industrial	and	Office	Parks,	as	well	as	a	Carnegie	Mellon	University	Center	for	
Economic	Development	Fellow.	
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Dr.	E.	Gordon	Gee	is	one	of	America’s	most	prominent	higher	education	leaders,	having	helmed	
universities	for	more	than	three	decades.	In	2009,	Time	magazine	named	him	one	of	the	top	10	
university	presidents	in	the	United	States.	

In	2014,	Gee	returned	to	West	Virginia	University,	where	his	career	as	a	university	president	began.	
His	leadership	goals	include	putting	students	first,	advancing	the	university’s	research	agenda,	
partnering	with	West	Virginia	communities	and	making	sure	that	1.8	million	West	Virginians	know	
in	their	hearts	and	minds	that	West	Virginia	University	is	their	university.	

Born	in	Vernal,	Utah,	Gee	graduated	from	the	University	of	Utah	with	an	honors	degree	in	history	
and	earned	his	J.D.	and	Ed.D.	degrees	from	Columbia	University.	He	clerked	under	Chief	Justice	
David	T.	Lewis	of	the	U.S.	10th	Circuit	Court	of	Appeals	before	being	named	a	judicial	fellow	and	
staff	assistant	to	the	U.S.	Supreme	Court.	In	this	role,	he	worked	for	Chief	Justice	Warren	Burger	
on	administrative	and	legal	problems	of	the	Court	and	federal	judiciary.	Gee	returned	to	Utah	as	
an	associate	professor	and	associate	dean	in	the	J.	Reuben	Clark	Law	School	at	Brigham	Young	
University,	and	was	granted	full	professorship	in	1978.	

One	year	later,	he	became	dean	of	the	West	Virginia	University	College	of	Law,	and,	in	1981,	was	
named	West	Virginia	University	president.	He	served	in	that	role	until	1985.	

He	went	on	to	lead	the	University	of	Colorado	(1985-1990),	Brown	University	(1998-2000),	and	
Vanderbilt	University	(2001-2007).	He	served	as	president	of	The	Ohio	State	University	from	1990	
to	1997	and	again	from	2007	to	2013.	

	 	

Dr. E. Gordon Gee  
President, West Virginia University 
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Gee	has	been	a	member	of	several	education-governance	organizations	and	committees,	including	
the	Big	Ten	Conference	Council	of	Presidents,	the	Inter-University	Council	of	Ohio,	the	Business-
Higher	Education	Forum,	and	the	American	Association	of	Universities.	He	was	chair	of	the	
American	Council	on	Education’s	Commission	on	Higher	Education	Attainment	and	served	as	co-
chair	of	the	Association	of	Public	and	Land-Grant	Universities’	Energy	Advisory	Committee.	In	2009,	
Gee	was	invited	to	join	the	International	Advisory	Board	of	King	Adbulaziz	University	in	Saudi	
Arabia.	

Active	in	a	number	of	national	professional	and	service	organizations	during	his	tenures,	he	has	
served	on	the	boards	for	the	Rock	and	Roll	Hall	of	Fame	and	Museum,	Inc.,	Limited	Brands,	and	
the	National	4-H	Council.	In	2011,	Gee	was	appointed	to	serve	as	secretary	on	the	Board	of	
Directors	of	Ohio’s	economic	development	program,	JobsOhio.	In	2011-2012,	he	was	asked	by	
Governor	Kasich	to	chair	both	the	Ohio	Higher	Education	Capital	Funding	Collaborative	and	the	
Ohio	Higher	Education	Funding	Commission.	In	December	2012,	he	was	asked	to	serve	on	the	
Columbus	Education	Commission.	And	in	March	2015,	he	was	elected	to	the	board	of	directors	of	
the	American	Council	on	Education,	the	nation’s	largest	higher	education	organization.	

Gee	has	received	a	number	of	honorary	degrees,	awards,	fellowships,	and	recognitions.	He	is	a	
fellow	of	the	prestigious	American	Association	for	the	Advancement	of	Science,	the	world’s	largest	
science	organization.	In	1994,	Gee	received	the	Distinguished	Alumnus	Award	from	the	University	
of	Utah,	as	well	as	from	Teachers	College	of	Columbia	University.	In	2013,	he	received	the	ACE	
Council	of	Fellows/Fidelity	Investments	Mentor	Award	and	received	the	Outstanding	Academic	
Leader	of	the	Year	Award	on	behalf	of	Historically	Black	Colleges	and	Universities.	He	is	the	co-
author	of	11	books,	including	Law,	Policy	and	Higher	Education,	published	in	2012.	He	is	also	the	
author	of	numerous	papers	and	articles	on	law	and	education.	

Gee’s	daughter,	Rebekah,	is	Secretary	of	Louisiana's	Department	of	Health	and	Hospitals,	and	an	
assistant	professor	of	Public	Health	and	Medicine	at	Louisiana	State	University.	She	is	also	a	
Norman	F.	Gant/American	Board	of	Obstetrics	and	Gynecology/IOM	Anniversary	Fellow.		
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		Andrew	Gellman	
		Lord	Professor	of	Chemical	Engineering	
		Co-Director,	W.E.	Scott	Institute	for	Energy	Innovation	
	

	

	

	

	

	

	

	

Professor	Gellman	received	his	BS	in	Chemistry	from	the	California	Institute	of	Technology	in	1981	and	his	Ph.D.	from	
the	University	of	California,	Berkeley,	in	1985.	Thereafter,	he	was	an	ICI	postdoctoral	fellow	at	Cambridge	University	in	
Physical	Chemistry.	He	became	a	faculty	member	of	the	chemistry	department	at	the	University	of	Illinois	before	
joining	Carnegie	Mellon	in	1992.	He	also	holds	courtesy	appointments	in	Materials	Science	and	Engineering	and	in	
Chemistry.	Prof.	Gellman	served	as	Department	Head	of	Chemical	Engineering	during	which	time	he	promulgated	a	
$28	million	renovation	of	Doherty	Hall.	Prof.	Gellman	organized	a	consortium	involving	Carnegie	Mellon,	University	of	
Pittsburgh,	and	West	Virginia	University	and	in	2007	became	the	founding	Director	of	the	Institute	for	Advanced	
Energy	Solutions,	an	outgrowth	of	the	Department	of	Energy	-	National	Energy	Technology	Laboratory.	In	2012	he	was	
appointed	co-Director	of	Carnegie	Mellon’s	W.E.	Scott	Institute	for	Energy	Innovation.	

Professor	Gellman's	group	uses	experimental	methods	to	study	processes	occurring	on	surfaces	such	as	the	bonding	
of	molecules	to	metal	surfaces,	surface	structure,	reaction	kinetics,	catalysis,	friction,	and	lubrication.		The	use	of	
surface	science	methods	to	create	and	study	well-defined	surfaces	allows	Professor	Gellman's	group	to	investigate	
surface	chemistry	relevant	to	these	processes	at	the	most	fundamental	level.	

Professor	Gellman’s	group	has	pioneered	the	study	of	enantioselective	surface	chemistry	on	naturally	chiral	metal	
surfaces.		The	work	generates	insight	into	some	of	the	fundamental	phenomena	that	lead	to	enantioselective	
adsorption	and	catalysis	on	chiral	surfaces.	Recent	work	in	Professor	Gellman’s	laboratory	has	focused	effort	on	the	
development	of	instrumentation	and	methods	for	high	throughput	study	of	surface	phenomena.	
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Pat	Getty	is	the	President	and	a	Trustee	of	the	Claude	Worthington	Benedum	Foundation,	which	
serves	West	Virginia	and	southwestern	Pennsylvania.		For	several	years,	he	has	been	a	leader	of	
Power	of	32,	a	32-county,	four-state	visioning	and	development	project	in	the	economic	region	
with	Pittsburgh	at	its	center,	and	serves	on	the	implementation	committee	of	the	Tri-State	Shale	
Initiative,	a	collaboration	among	the	Governors	of	Pennsylvania,	Ohio	and	West	Virginia	seeking	to	
optimize	“downstream”	economic	development	pertaining	to	shale	gas,	especially	advanced	
manufacturing.		

Mr.	Getty	serves	on	the	Boards	of:	the	Allegheny	Conference	for	Community	Development;	Vibrant	
Pittsburgh,	which	seeks	to	attract,	retain,	and	elevate	skilled	and	diverse	talent;	and	the	Allegheny	
County	Parks	Foundation.		He	was	a	founding	Board	member	and	past	Chair	of	the	Fund	for	the	
Advancement	of	the	Minorities	Through	Education	(FAME),	is	an	Emeritus	Trustee	and	past	Chair	
of	Shady	Side	Academy,	and	is	a	past	Board	member	and	Chair	of	the	Boys	and	Girls	Clubs	of	
Western	Pennsylvania.	

In	West	Virginia,	Mr.	Getty	is	a	member	of	the	Board	of	Vision	Shared,	a	West	Virginia	state-wide	
economic	development	initiative,	and	the	Governing	Board	of	Imagine	West	Virginia,	an	
independent	policy	research	institute.	

A	native	Pittsburgher,	Mr.	Getty	is	a	graduate	of	Trinity	College	and	Georgetown	University	Law	
School.		He	had	practiced	law	since	1970	with	the	Pittsburgh	firm	of	Meyer,	Unkovic	&	Scott	prior	
to	becoming	President	of	the	Benedum	Foundation	on	January	1,	1999.	

	 	

William Getty  
President and a Trustee 
Claude Worthington Benedum Foundation 



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 211-68

 

Mid Atlantic Region Energy Innovation Forum 63 of 85 

	 Court	Gould	
	 Executive	Director,	Sustainable	Pittsburgh	
	

	

	

	

	

	

	

	

Court	Gould	is	executive	director	of	Sustainable	Pittsburgh,	serving	in	this	role	since	the	
organization's	founding	in	1998.	Sustainable	Pittsburgh	is	a	public-policy	advocacy	group	that	
affects	decision-making	in	the	Pittsburgh	region	to	integrate	economic	prosperity,	social	equity,	
and	environmental	quality	into	sustainable	solutions	for	communities	and	businesses.	

With	a	master’s	in	public	administration	from	the	University	of	Southern	California,	Mr.	Gould’s	
work	focuses	on	accelerating	the	policy	and	practice	of	sustainable	development	among	all	
sectors.	Sustainable	Pittsburgh’s	business	and	community	networks	are	“go	to”	sources	for	
expertise	on	technical	issues,	best	practices,	and	testimony,	and	for	assistance	through	the	
organization’s	innovative	Sustainable	Solutions	—	“extreme	sustainability	makeover”	—	
consultancy.	Mr.	Gould	routinely	speaks	on	these	issues	and	advises	businesses	and	communities	
on	strategies	to	implement	the	process	of	sustainable	development.		

His	extensive	community	involvement	includes	serving	as	board	chairman	of	GTECH	—	Growth	
Through	Energy	&	Community	Health	—	Strategies	and	as	past	chairman	of	the	Local	Government	
Academy	board.	He	also	is	advisory	board	chairman	for	the	Bayer	Center	for	Nonprofit	
Management	and	a	member	of	the	implementation	committee	of	the	Power	of	32	regional	
visioning	project.	Mr.	Gould	was	the	first	chairman	of	the	Greater	Pittsburgh	Nonprofit	
Partnership.	
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Michael	Green,	a	retired	businessman	with	a	background	in	business	and	technology,	currently	
serves	as	the	Chairman	of	the	West	Virginia	Growth	Investment	Fund,	which	provides	mentorship	
and	funding	to	entrepreneurs	and	early	stage	companies.		In	addition,	he	was	appointed	to	the	
West	Virginia	Board	of	Education	in	2009	to	a	nine-year	term	and	currently	serves	as	its	President.		

Mr.	Green	serves	as	an	adviser,	investor	and	board	member	for	several	privately	held	technology	
companies.	He	earned	a	bachelor's	degree	in	mathematics	from	Boston	University	and	a	master's	
degree	in	numerical	science	from	Johns	Hopkins	University.	

He	began	his	career	in	1969	as	a	mathematician,	cryptanalyst	and	software	developer	at	the	
National	Security	Agency.	In	1979,	he	began	his	career	in	the	private	sector	when	he	joined	
Network	Systems	Corp.,	a	developer	and	manufacturer	of	high-speed	networking	equipment,	as	a	
sales	manager.	After	10	years	at	Network	Systems,	he	held	a	similar	job	at	California-based	Ultra	
Network	Technologies.	He	moved	to	Pittsburgh-based	FORE	Systems	Inc.	in	1992,	serving	as	senior	
vice	president	and	general	manager	of	worldwide	sales.	Mr.	Green	was	recruited	to	join	Loudcloud	
Inc.,	a	technology	company,	and	served	as	its	president	of	field	operations	from	May	2000	through	
May	2001.		

He	is	a	board	member	of	the	West	Virginia	High	Technology	Consortium	Foundation,	The	West	
Virginia	Education	Alliance	and	serves	on	the	Governor’s	STEM	Council.	

Mr.	Green	dedicates	much	of	his	time	to	working	with	early	stage	companies,	angel	investment	
groups,	lecturing	on	a	variety	of	business	and	investment	issues	and	coaching	entrepreneurs.	

He	and	his	wife	Diane	are	residents	of	Morgantown	in	Monongalia	County	and	have	four	children	
and	eight	grandchildren.	

	 	

Michael Green 
Chairman, West Virginia Growth Investment Fund 
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Dr.	Gupta,	a	Senior	Research	Leader	in	Battelle’s	Energy	Business	provides	technical	integration	
and	program	development	leadership	for	the	carbon	management	and	subsurface	resources	work.		
Dr.	Gupta	has	been	involved	in	CO2	storage	technology	development	since	mid-1990s	has	
conducted	numerous	US	and	international	projects	for	DOE	and	industry.		He	has	been	Battelle’s	
technical	or	project	lead	for	several	major	projects,	including	CO2	storage	work	at	the	Mountaineer	
plant	in	West	Virginia.		As	the	Principal	Investigator	and	Project	Manager	for	Midwestern	Regional	
Carbon	Sequestration	Partnership	(www.mrcsp.org),	Dr.	Gupta	oversees	a	consortium	for	regional	
assessment	of	field	projects	for	CO2	storage	and	Enhanced	Oil	Recovery	(EOR),	including	an	
ongoing	large-scale	CO2	utilization/storage	test	in	Michigan.		He	has	also	been	involved	in	
international	projects	in	China,	Mexico,	South	Africa,	Germany,	and	Japan.			

Dr.	Gupta’s	subsurface	resources	work	includes	enhanced	oil	recovery,	brine	disposal,	geologic	
characterization;	regional	hydrogeology;	reservoir	simulations;	geochemical	modeling	and	
experiments;	seismic	assessments;	costing,	and	regulatory	aspects.		He	has	co-authored	more	than	
150	reports,	papers,	and	conference	presentations.			

Dr.	Gupta’s	prior	work	on	environmental	technology	includes	fate	and	transport	of	contaminants,	
evaluation	of	remediation	technologies,	and	risk	assessment	projects	for	the	Air	Force,	Navy,	EPA,	
DOE,	and	many	private	and	international	clients.			

Dr.	Gupta	earned	Bachelor’s	and	Master’s	degrees	in	Geology	from	Panjab	University,	India,	
Master’s	degree	in	Geochemistry,	George	Washington	University,	and	a	Doctoral	degree	in	
Geological	Sciences	with	emphasis	on	Hydrogeology	from	The	Ohio	State	University.	

	

Neeraj Gupta 
Battelle Fellow/Senior Research Leader 
Energy Business Line 
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Mr.	Helm	evaluates	strategic	issues	for	PJM	Interconnection,	focusing	on	the	impact	of	
environmental	legislation/regulation,	fuel	supply	and	infrastructure,	and	broad	economic	trends	on	
electricity	markets	and	grid	operations.		Mr.	Helm	co-authored	“Coal	Capacity	at	Risk	for	
Retirement	in	PJM:	Impact	of	EPA	Transport	and	Hazardous	Air	Pollutant	Rules.”		Mr.	Helm	was	the	
PJM	project	manager	for	the	Eastern	Interconnection	Planning	Collaborative’s	Gas-Electric	System	
Interface	Study.		His	current	focus	is	on	the	potential	impacts	to	PJM	from	the	evolving	resource	
mix.	

Mr.	Helm	has	over	25	years	of	industry	experience,	and	prior	to	joining	PJM,	managed	air	quality	
issues	including:	policy,	strategy,	permitting	and	environmental	markets	for	a	merchant	generation	
company	

Mr.	Helm	earned	a	Bachelor	of	Science	degree	in	Horticulture,	a	Master	of	Engineering	degree,	and	
a	Master	of	Finance	degree	from	The	Pennsylvania	State	University.	

PJM	Interconnection,	founded	in	1927,	ensures	the	reliability	of	the	high-voltage	electric	power	
system	serving	61	million	people	in	all	or	parts	of	Delaware,	Illinois,	Indiana,	Kentucky,	Maryland,	
Michigan,	New	Jersey,	North	Carolina,	Ohio,	Pennsylvania,	Tennessee,	Virginia,	West	Virginia	and	
the	District	of	Columbia.	PJM	coordinates	and	directs	the	operation	of	the	region’s	transmission	
grid,	which	includes	62,556	miles	of	transmission	lines;	administers	a	competitive	wholesale	
electricity	market;	and	plans	regional	transmission	expansion	improvements	to	maintain	grid	
reliability	and	relieve	congestion.	Visit	PJM	at	www.pjm.com.	

	

	 	

M. Gary Helm 
PJM Interconnection 
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Dr.	Edward	D.	Herderick	is	the	Additive	Technologies	Leader	for	GE	Corporate	Supply	Chain	and	
Operations.		He	is	responsible	for	leading	efforts	to	increase	the	speed	and	depth	of	additive	
manufacturing	insertion	across	the	GE	supply	chain.		His	activities	include	guiding	our	GE	Industrial	
businesses	through	strategic	planning	and	additive	technology	maturation	as	well	as	teaching	and	
educating	on	the	latest	in	3D	printing.		In	addition,	Ed	is	on	the	leadership	team	responsible	for	the	
launch	of	the	new	GE	Center	for	Additive	Technology	Advancement	in	Pittsburgh,	PA.	

Ed	joined	GE	after	having	led	new	product	development	as	Director	of	R&D	at	additive	technology	
startup	rp+m	in	Cleveland,	Ohio.		Prior	to	that,	he	was	Director	of	the	Additive	Manufacturing	
Consortium	at	EWI	in	Columbus,	Ohio.		Ed	received	his	BS,	MS,	and	PhD	in	materials	science	and	
engineering	from	The	Ohio	State	University.		After	finishing	his	PhD,	Ed	served	as	a	AAAS	
Congressional	Fellow	in	Washington,	DC	where	he	was	an	aide	in	the	US	Senate	specializing	in	
manufacturing	and	defense	technology	issues.	

He	is	an	active	member	of	the	global	materials	engineering	community	serving	on	the	board	of	
directors	of	The	Minerals,	Metals,	and	Materials	Society	as	well	as	serving	as	a	trustee	on	the	TMS	
Foundation	board.		He	lives	in	Cincinnati	with	his	wife	and	2	daughters.	

	 	

Dr. Edward D. Herderick 
Additive Technologies Leader  
GE Corporate Supply Chain and Operations 
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			Joseph	Hezir	
			Chief	Financial	Officer,	U.S.	Department	of	Energy	
	

	

	

	

	

	

	

	

	
As	the	Department	of	Energy’s	Chief	Financial	Officer,	Mr.	Hezir	works	to	assure	the	effective	management	and	
financial	integrity	of	Department	of	Energy.	He	helps	to	implement	and	monitor	Department-wide	policies	and	
systems	in	the	areas	of	budget	administration,	program	analysis	and	evaluation,	finance	and	accounting,	internal	
controls,	corporate	financial	systems,	and	strategic	planning.	

Prior	to	joining	the	Department	of	Energy,	Mr.	Hezir	worked	as	a	Research	Engineer	and	Executive	Director	of	The	
Future	of	Solar	Energy	Study	at	the	Massachusetts	Institute	of	Technology’s	Energy	Initiative.	He	was	the	Vice	
President	and	Managing	Partner	of	EOP	Group,	Inc.	and	Executive	Vice	President	of	EOP	Education,	LLC	and	EOP	
Foundation,	Inc.	Mr.	Hezir	also	held	various	roles	at	the	Office	of	Management	and	Budget	(OMB),	Exxon	Research	and	
Engineering	Company,	the	President’s	Reorganization	Project,	the	U.S.	Environmental	Protection	Agency	(EPA),	and	
was	an	advisor	to	a	number	of	public	policy	and	public	service	organizations.	

Mr.	Hezir	co-authored	two	books	about	government	budget	and	regulation	published	by	the	EOP	Foundation:	
Understanding	the	Budget	of	the	United	States	Government	and	Understanding	the	Regulatory	Policy	of	the	United	
States	Government.	He	also	received	the	President’s	Outstanding	Federal	Executive	Award	in	1989.	Mr.	Hezir	attended	
Carnegie	Mellon	University,	where	he	received	a	B.S.	in	Chemical	Engineering	and	an	M.S.	from	the	Heinz	School	of	
Public	Policy.	
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Fred	L.	King	is	the	Vice	President	for	Research	at	West	Virginia	University	where	he	guides	campus-
wide	efforts	to	support	and	grow	the	research	enterprise	across	a	diverse	spectrum	of	specialties	
through	a	range	of	support	activities	from	the	administration	of	key	grant	awards	to	programs	and	
processes	that	assist	faculty	in	seeking	and	securing	grant	funding	for	research.	From	1998	to	2013,	
he	served	as	the	Associate	Dean	for	Research	and	Graduate	Studies	in	the	Eberly	College	of	Arts	
and	Sciences	at	West	Virginia	University	

Dr.	King	earned	a	Ph.D.	in	analytical	chemistry	from	the	University	of	Virginia	and	a	B.S.	in	
chemistry	from	James	Madison	University.		He	was	a	National	Research	Council	Postdoctoral	
Research	Associate	at	the	U.S.	Naval	Research	Laboratory	from	1988	to	1990.		In	1990,	he	joined	
the	faculty	of	the	Eberly	College	of	Arts	and	Sciences	as	an	assistant	professor	in	the	Department	
of	Chemistry	in	1990.	He	was	promoted	to	associate	professor	in	1996	and	professor	in	2002.	His	
research	specialty	at	WVU	has	been	fundamental	characterization	and	analytical	development	of	
optical	spectroscopy	and	mass	spectrometry	techniques.		

He	has	been	the	principal	investigator	or	associate	principal	investigator	on	multiple	sponsored	
research	projects	from	numerous	federal	agencies	and	the	private	sector	including:	Office	of	Naval	
Research,	Martin	Marietta	Energy	Systems,	the	WV	Coal	Energy	Research	Bureau,	the	U.S.	
Department	of	Energy,	the	National	Science	Foundation	and	the	National	Institutes	of	Health.	He	
has	served	as	a	guest	scientist	at	Oak	Ridge	National	Laboratory	and	as	an	adjunct	professor	in	the	
WVU	School	of	Pharmacy.		He	received	the	Finnigan	MAT	Distinguished	Young	Investigator	in	
Academia	Award	in	1993.	

In	addition	to	performing	his	administrative	duties	at	the	University,	Prof.	King	continues	to	
maintain	an	active	research	group.			

	

	

	

Fred L. King   
Vice President for Research at West Virginia University 
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U.S.	Senator	Joe	Manchin	(D-W.Va.)	was	sworn	into	the	United	States	Senate	on	November	15,	
2010	to	fill	the	seat	left	vacant	by	the	late	Senator	Robert	C.	Byrd.	For	Senator	Manchin,	serving	as	
West	Virginia’s	Senator	is	truly	an	honor	and	a	privilege.		

Born	and	raised	in	the	small	coal	mining	town	of	Farmington,	W.Va.,	Sen.	Manchin	grew	up	
learning	the	values	that	all	West	Virginians	share	–	family,	common	sense,	fairness	and	hard	work.	
As	a	small	businessman,	he	learned	firsthand	from	his	grandfather,	Papa	Joe,	who	was	an	Italian	
immigrant	and	the	town	grocer,	the	importance	of	serving	the	public.	As	a	young	man,	his	beloved	
grandmother,	Mama	Kay,	inspired	Senator	Manchin’s	belief	in	public	service	through	her	
unflagging	compassion	and	desire	to	help	those	less	fortunate.	More	than	anything,	it	is	his	family	
and	the	values	he	learned	growing	up	among	the	hardworking	men	and	women	of	West	Virginia	
that	define	who	Senator	Manchin	is	and	the	public	servant	he	strives	to	be.		

From	his	days	as	a	state	legislator	to	his	six	years	as	Governor	to	his	current	role,	Senator	Manchin	
has	always	been	committed	to	his	philosophy	of	“retail	government"--	in	other	words,	connecting	
with	all	of	his	constituents	and	making	service	to	them	his	top	priority.	

Throughout	his	public	life,	he	has	never	let	politics	or	ideology	stand	in	the	way	of	commonsense	
solutions.	Instead,	he	believes	that	only	by	putting	politics	aside	and	working	hard	to	bring	people	
together	can	we	do	what	is	right	for	West	Virginia	and	the	nation.				

He	began	his	tenure	as	West	Virginia’s	34th	governor	in	January	2005.	Then-Governor	Manchin	
approved	millions	of	dollars	in	tax	relief	for	West	Virginia’s	citizens	and	businesses,	fixed	the	
state’s	workers’	compensation	system,	established	the	first	comprehensive	teacher	pay	package	in	
more	than	15	years	and	dramatically	decreased	the	state’s	debt.	In	six	years,	more	than	$13	billion	
in	business	investments	were	made,	and	West	Virginia	was	often	cited	nationally	for	its	strong	
fiscal	management.	During	his	term	as	Governor,	he	worked	closely	with	Republicans	and	
Democrats	to	cut	taxes,	reduce	regulations,	attract	record	investments,	create	new	jobs	and	
expand	vital	social	services	for	seniors	and	the	poor,	all	while	leaving	the	state	with	budget	
surpluses	every	year.	

	 	

Joe Manchin  
United States Senator 
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As	a	Senator,	Joe	Manchin	is	committed	to	bringing	this	same	spirit	of	bipartisanship	to	
Washington.	As	he	has	done	throughout	his	entire	life,	he	remains	committed	to	working	with	
Republicans	and	Democrats	to	find	commonsense	solutions	to	the	problems	our	country	faces	and	
is	working	hard	to	usher	in	a	new	bipartisan	spirit	in	the	Senate	and	Congress.		

Legislatively,	job	creation	is	Senator	Manchin’s	top	priority,	and	he	believes	that	government	
should	act	as	a	partner,	not	an	adversary,	in	helping	to	create	the	environment	that	produces	good	
American	jobs.	Senator	Manchin	also	firmly	believes	that	our	nation	can	and	must	do	what	he	did	
in	West	Virginia	-	put	our	fiscal	house	in	order.	He	believes	we	must	find	commonsense	ways	to	
cut	spending	while	keeping	our	promises	to	our	seniors	and	veterans	by	protecting	Social	Security	
and	Medicare.		

Senator	Manchin	is	strongly	committed	to	developing	a	balanced	national	energy	plan	that	utilizes	
all	of	our	resources	and	recognizes	that	fossil	fuels	will	be	a	vital	part	of	our	energy	mix	for	
decades	to	come.	He	believes	that	a	balanced,	commonsense	approach	that	considers	the	needs	
of	our	environment	and	the	demands	of	our	economy,	can	and	must	be	developed	if	we	are	to	
achieve	energy	independence	within	this	generation.		

Senator	Manchin	currently	serves	on	the	Senate	Energy	and	Natural	Resources	Committee,	the	
Senate	Armed	Services	Committee,	the	Senate	Committee	on	Commerce,	Science	and	
Transportation,	and	the	Senate	Committee	on	Veterans'	Affairs	-	four	critical	committees	that	
tackle	the	important	work	of	addressing	our	nation’s	energy	needs,	standing	up	for	the	members	
of	the	military,	defending	our	small	banks	and	local	credit	unions,	helping	the	housing	market	
recover	and	keeping	our	promises	to	seniors.		

KEY	HIGHLIGHTS:		

Senator	Manchin	has	served	in	several	leadership	capacities	on	various	associations,	including:	
Chairman	of	the	National	Governors	Association,	Chairman	of	the	Southern	States	Energy	Board,	
President	of	the	Council	of	State	Governments,	Chairman	of	the	Democratic	Governors	Association	
and	Chairman	of	the	Southern	Governors’	Association.	

Sen.	Manchin	served	as	Secretary	of	State	from	2000	to	2004,	and	his	office	was	known	for	
excellent	customer	service.	He	was	a	state	legislator	from	1982	to	1996,	where	he	earned	a	
reputation	for	standing	up	for	West	Virginians.		

Sen.	Manchin	became	a	successful	businessman	after	attending	West	Virginia	University	on	a	
football	scholarship.	

Sen.	Manchin	is	an	avid	pilot,	outdoorsman,	hunter,	angler	and	motorcyclist.	He	has	been	married	
for	more	than	four	decades	to	the	former	Gayle	Conelly	of	Beckley.	They	have	three	children:	
Heather,	Joseph	IV	and	Brooke,	and	are	the	proud	grandparents	of	Joseph	V,	Sophie,	Kelsey,	
Madeline,	Chloe,	Jack,	Carly,	Vivian,	Beaux	and	Knox.	
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Jan	Mares	was	previously	a	business	liaison	and	deputy	director	at	the	Private	Sector	Office	of	the	
Department	of	Homeland	Security	(DHS).	During	the	Reagan	administration,	Mares	was	an	
assistant	secretary	of	commerce	for	import	administration	and	a	senior	policy	analyst	at	the	White	
House,	where	he	was	involved	with	environment,	energy,	trade,	and	technology	issues.	He	also	
served	as	assistant	secretary	of	energy	for	international	affairs	and	energy	emergencies;	assistant	
secretary	of	energy	for	policy,	safety	and	environment;	and	assistant	secretary	of	energy	for	fossil	
energy.	For	six	months,	he	was	the	acting	under	secretary	of	energy.	Before	entering	federal	
service,	Mares	was	with	Union	Carbide	Corporation	for	18	years,	half	in	the	Law	Department,	
working	on	antitrust	compliance	and	purchasing	issues,	and	half	in	its	chemical	business,	including	
leading	an	effort	for	three	years	to	create	a	chemicals	joint	venture	with	a	Middle	East	
government	company	and	being	the	operations/	profit	manager	for	several	groups	of	industrial	
chemicals.	Subsequent	to	his	service	in	the	Reagan	administration,	he	worked	with	the	
Washington,	DC,	law	firm	Shaw	Pittman,	the	Synthetic	Organic	Chemical	Manufacturers	
Association,	and	the	EOP	Group	(a	Washington,	DC,	environment,	energy,	and	budget	consulting	
firm.	

	

	

	

	

	

	

Jan Mares 
Senior Policy Advisor , Resources for the Future 
 

Jeffrey McDaniel 
Executive-in-Residence, Innovation Works 
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Jeffrey	McDaniel	is	an	Executive-in-Residence	at	Innovation	Works	(IW)	in	Pittsburgh,	Pennsylvania.		
Innovation	Works	is	one	of	the	country’s	most	active	investors	in	seed-stage	technology	
companies.		Jeff	leads	IW’s	early-stage	and	follow-on	investments	in	Energy	and	Advanced	
Manufacturing,	serving	on	the	boards	of	several	clean	energy	and	advanced	materials	companies.		
He	also	mentors	companies	in	IW’s	accelerator	programs,	AlphaLab	and	AlphaLab	Gear.	

Prior	to	Innovation	Works,	Jeffrey	was	in	charge	of	business	development,	sustainability	and	
strategy	for	the	emerging	technology	R&D	portfolio	for	Westinghouse	Electric	Company.		Mr.	
McDaniel	also	held	various	roles	at	the	Ex	One	Company,	a	global	manufacturing	technology	
company.		There,	he	led	the	successful	commercialization	of	Imagen,	LLC,	a	3D	printing	
manufacturer	of	dental	implant	and	bio-medical	devices.		Before	those	roles	he	was	an	associate	
in	the	corporate	division	of	global	law	firm	Reed	Smith,	LLP.			

Mr.	McDaniel	also	served	in	the	United	States	Navy	as	a	Surface	Warfare	Officer.		

Jeffrey	McDaniel	holds	a	Bachelor	of	Science	degree	from	the	United	States	Naval	Academy	and	a	
JD	from	the	University	of	Pittsburgh	School	of	Law.	
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David	Bennett	McKinley	was	born	in	Wheeling	in	1947.	He	attended	public	schools	and	worked	his	
way	through	college	graduating	from	Purdue	University	with	a	degree	in	Civil	Engineering.		After	
college	he	spent	the	next	12	years	in	the	construction	industry	and	taught	night	classes	in	local	
technical	colleges.	

David	then	established	McKinley	and	Associates	–	an	architectural	and	engineering	company	that	
has	grown	to	include	offices	in	Wheeling	and	Charleston,	WV	and	Washington,	PA.	During	his	
career	as	a	Professional	Engineer,	David	has	been	on	the	Board	of	Directors	of	the	state	
engineering	society	and	on	the	Board	of	the	National	Society	of	Professional	Engineers	
representing	the	interests	of	West	Virginia.	

As	a	successful	former	small	businessman,	David	has	created	hundreds	of	jobs	and	understands	
the	vital	role	of	small	businesses	in	creating	private	sector	jobs	and	strengthening	the	economy.	
He	has	been	recognized	twice	by	West	Virginia	Executive	Magazine	as	one	of	the	50	most	
influential	people	in	West	Virginia.	

From	1981	through	1994,	he	represented	the	Third	Delegate	District	in	the	West	Virginia	
Legislature	and	in	1990	was	elected	as	Chairman	of	the	West	Virginia	Republican	Party	Executive	
Committee.	

David	was	sworn	into	office	on	January	3,	2011.	He	serves	on	the	House	of	Representatives’	
Energy	and	Commerce	Committee,	where	he	is	vice-chairman	of	the	Oversight	and	Investigations	
Subcommittee.	

	 	

Representative David B. McKinley, P.E.   
U.S. House of Representatives  
West Virginia 1st Congressional District 
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He	knows	the	coal	industry	is	the	backbone	of	West	Virginia’s	economy	and	has	worked	tirelessly	
to	stop	the	Obama	Administration’s	War	on	Coal.	Three	times	the	House	has	passed	his	legislation	
to	protect	the	316,000	Americans	reliant	on	the	coal	ash	recycling	industry.	He	has	worked	to	
protect	coal	miners’	pensions	and	healthcare	benefits	they	worked	hard	to	earn.	He	has	fought	the	
onslaught	of	burdensome	regulations	coming	out	of	the	White	House	that	have	crippled	the	coal	
industry	and	threaten	our	long-term	energy	security.	

As	an	individual	with	significant	hearing	impairment	and	a	grandfather	to	a	child	with	special	
needs,	David	McKinley	is	no	stranger	to	overcoming	the	obstacles	of	disabilities.	He	has	used	his	
role	on	the	Committee	overseeing	health	policy,	Medicare,	and	Medicaid	to	push	for	better	
coverage	for	families	and	the	elderly.	

David	is	married	to	the	former	Mary	Gerkin	from	New	Martinsville,	West	Virginia	and	is	a	proud	
father	of	four	children	and	six	grandchildren.	David	is	a	seventh	generation	resident	of	Wheeling	
and	West	Virginia.	His	passion	for	the	families	of	West	Virginia	inspires	his	votes	in	Congress	and	
he	always	remembers	who	he	works	for.	

	 	



11-81

 

Mid Atlantic Region Energy Innovation Forum 76 of 85 

	
	
As	United	States	Secretary	of	Energy,	Dr.	Ernest	Moniz	is	tasked	with	implementing	critical	
Department	of	Energy	missions	in	support	of	President	Obama’s	goals	of	growing	the	economy,	
enhancing	security	and	protecting	the	environment.	This	encompasses	advancing	the	President’s	
all-of-the-above	energy	strategy,	maintaining	the	nuclear	deterrent	and	reducing	the	nuclear	
danger,	promoting	American	leadership	in	science	and	clean	energy	technology	innovation,	
cleaning	up	the	legacy	of	the	cold	war,	and	strengthening	management	and	performance.	

Prior	to	his	appointment,	Dr.	Moniz	was	the	Cecil	and	Ida	Green	Professor	of	Physics	and	
Engineering	Systems	at	the	Massachusetts	Institute	of	Technology	(MIT),	where	he	was	a	faculty	
member	since	1973.	At	MIT,	he	headed	the	Department	of	Physics	and	the	Bates	Linear	
Accelerator	Center.	Most	recently,	Dr.	Moniz	served	as	the	founding	Director	of	the	MIT	Energy	
Initiative	and	as	Director	of	the	MIT	Laboratory	for	Energy	and	the	Environment	where	he	was	a	
leader	of	multidisciplinary	technology	and	policy	studies	on	the	future	of	nuclear	power,	coal,	
nuclear	fuel	cycles,	natural	gas	and	solar	energy	in	a	low-carbon	world.	

From	1997	until	January	2001,	Dr.	Moniz	served	as	Under	Secretary	of	the	Department	of	Energy.	
He	was	responsible	for	overseeing	the	Department’s	science	and	energy	programs,	leading	a	
comprehensive	review	of	nuclear	weapons	stockpile	stewardship,	and	serving	as	the	Secretary’s	
special	negotiator	for	the	disposition	of	Russian	nuclear	materials.	From	1995	to	1997,	he	served	
as	Associate	Director	for	Science	in	the	Office	of	Science	and	Technology	Policy	in	the	Executive	
Office	of	the	President.	

	 	

Dr. Ernest Moniz 
United States Secretary of Energy 
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In	addition	to	his	work	at	MIT,	the	White	House	and	the	Department	of	Energy,	Dr.	Moniz	has	
served	on	a	number	of	boards	of	directors	and	commissions	involving	science,	energy	and	security.	
These	include	President	Obama’s	Council	of	Advisors	on	Science	and	Technology,	the	Department	
of	Defense	Threat	Reduction	Advisory	Committee,	and	the	Blue	Ribbon	Commission	on	America’s	
Nuclear	Future.	

A	member	of	the	Council	on	Foreign	Relations,	Dr.	Moniz	is	a	Fellow	of	the	American	Association	
for	the	Advancement	of	Science,	the	American	Academy	of	Arts	and	Sciences,	the	Humboldt	
Foundation,	and	the	American	Physical	Society.	

Dr.	Moniz	received	a	Bachelor	of	Science	degree	summa	cum	laude	in	Physics	from	Boston	College,	
a	Doctorate	in	Theoretical	Physics	from	Stanford	University,	and	honorary	degrees	from	the	
University	of	Athens,	Boston	University,	the	University	of	Erlangen-Nurenberg,	Iowa	State	
University,	University	of	Massachusetts	Dartmouth,	Michigan	State	University	and	Universidad	
Pontificia	de	Comillas.	
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Mark	A.	Nydam	

Principal,	HarbourVest	Partners,	LLC	
	

Mr.	Mark	A.	Nydam	is	a	Principal	at	HarbourVest	Partners,	LLC.	Mr.	Nydam	joined	HarbourVest	
Partners	in	2012	and	focuses	on	clean	technology	and	renewable	energy	investments,	and	
managing	relationships	with	clients	and	prospects.	He	has	more	than	15	years	of	experience	in	
private	equity	and	more	than	20	years	of	experience	in	the	global	energy	sector	including	clean	
technologies	and	renewable	energy.		

Previously,	Mr.	Nydam	served	as	a	Managing	Director	at	PCG	Asset	Management,	LLC.	He	joined	
PCG	in	March	2007	and	specialized	in	clean	energy	and	technology.	At	PCG,	Mr.	Nydam	created	
and	led	the	Clean	Energy	and	Technology	Group	as	well	as	international	business	development	
efforts.	He	was	also	responsible	for	investments	in	middle-market	cleantech	companies	and	
cleantech	funds	with	successes	in	areas	ranging	from	solar	cells	to	fuel	cells.		

Mr.	Nydam	has	worked	on	clean	energy	and	clean	technologies	from	the	perspective	of	venture	
capital	and	private	equity	firms,	major	Middle	Eastern	energy	producers,	international	oil	and	gas	
companies,	corporate	investors,	and	national	governments,	and	has	a	broad	perspective	to	the	
clean	energy	and	technology	sector.		

Prior	to	joining	PCG	Asset	Management,	LLC,	Mr.	Nydam	was	a	Program	Director	and	Principal	at	
Booz	Allen	Hamilton	Holding	Corporation	where	he	directed	private	equity-related	clean	
technology	and	renewable	energy	engagements	in	the	Middle	East.	He	founded	Signal	Hill	
Advisors.	Prior	to	Signal	Hill,	Mr.	Nydam	was	a	Principal	at	L.E.K.	Consulting	providing	top-tier	
private	equity	firms	with	investment	strategy,	investment	identification,	and	investment	due	
diligence	advisory	services.	He	spent	three	years	working	as	a	Foreign	Affairs	Officer	at	the	U.S.	
Department	of	State	where	he	developed	and	managed	a	multi-million	dollar	development	
assistance	program	that	helped	Middle	Eastern	and	Asian	governments	attract	western	private	
investment	into	their	oil	and	gas	sectors.	Mr.	Nydam	also	spent	five	years	managing	a	natural	
resources	investment	advisory	firm.	He	serves	as	a	Director	of	MPH	Energy	Midco	LP,	
ReCommunity	Recycling	LLC,	Re	Community	Holdings	II,	Inc.	and	served	as	a	Director	at	
SpectraWatt,	Inc.		

Mr.	Nydam	received	an	M.B.A.,	with	Honors,	a	Masters	in	International	Relations	both	from	the	
University	of	Chicago	in	1990	and	an	M.S.	and	a	B.S.	in	Geology	and	Geophysics	from	Yale	
University	
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Sean	Plasynski	provides	strategic	direction,	oversight,	and	management	of	NETL’s	support	
functions	and	services.	As	Chief	Operating	Officer,	Dr.	Plasynski	manages	a	comprehensive,	fully	
integrated	program	of	laboratory	support	operations	and	services	including	safe	and	secure	
facilities,	cybersecurity,	and	IT	infrastructure.		

Dr.	Plasynski	has	held	numerous	management	and	technical	positions	over	his	26-year	career	at	
NETL,	including	Director	of	the	Strategic	Center	of	Coal,	Director	of	the	Office	of	Coal	and	Power	
R&D,	and	Sequestration	Technology	Manager.	He	has	been	involved	in	a	wide	spectrum	of	energy	
technology	development,	including	advanced	power	and	environmental	systems,	solids	transport,	
biomass	co-firing,	and	carbon	capture	and	storage.	Dr.	Plasynski	has	also	served	on	a	team	
addressing	critical	U.S.	infrastructure	vulnerabilities	for	homeland	security.		

He	holds	a	B.S.,	M.S.,	and	Ph.D.	in	chemical	engineering	from	the	University	of	Pittsburgh	and	an	
M.B.A	from	the	University	of	Pittsburgh’s	Katz	Graduate	School	of	Business.	

	 	

Sean I. Plasynski, Ph.D. 
Deputy Director & Chief Operating Officer (Acting), 
Laboratory Operations Center  
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Stewart	Prager,	Ph.D.,	is	the	director	of	the	Princeton	Plasma	Physics	Laboratory.	Under	Prager’s	
leadership,	the	Laboratory	completed	the	$94	million	upgrade	of	its	main	experiment,	the	National	
Spherical	Torus	Experiment.			

Other	projects	launched	at	PPPL	under	Prager’s	leadership	include	a	new	facility	to	investigate	
magnetic	reconnection,	a	process	that	is	responsible	for	the	northern	lights,	solar	flares	and	
geomagnetic	storms	that	can	disrupt	cell	phone	service	and	black	out	power	grids.	The	Laboratory	
has	also	established	a	plasma	nanotechnology	laboratory	and	with	Princeton	University	has	
founded	the	Center	for	Heliospheric	Physics,	which	studies	the	volatile	region	of	space	that	
encompasses	the	solar	system.		

Prager	has	worked	closely	with	other	leaders	of	the	research	community	to	develop	strategies	for	
the	U.S.	fusion	program.	

Prager	joined	PPPL	from	the	University	of	Wisconsin-Madison,	where	he	led	the	Madison	
Symmetric	Torus	fusion	experiment	and	a	center	that	studied	laboratory	and	astrophysical	
plasmas.	While	at	Wisconsin,	Prager	co-discovered	the	“bootstrap	current”	–	a	finding	that	has	
changed	the	way	tokamaks	are	designed.	

	 	

Stewart Prager, Ph.D. 
Director, Princeton Plasma Physics Laboratory 
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Scott	Rotruck	is	the	Director	of	Energy	and	Transportation	Services	for	Spilman	Thomas	&	Battle,	
PLLC.	He	joined	Spilman	in	2013,	after	working	10	years	in	railroad	operations,	20	years	in	
regulatory	and	external	affairs	in	the	coal,	oil	&	natural	gas	industries	and	six	combined	years	as	
the	Economic	Development	Director	and	member	of	the	adjunct	faculty	at	the	WVU	College	of	
Business	&	Economics	teaching	Entrepreneurship.	He	is	an	accredited	(Angel)	investor	and	
participant	in	several	early	stage	companies	in	WVa.	

Scott	is	a	1977	graduate	of	WVU,	has	an	MBA	from	Frostburg	State	University	and	is	a	certified	
Kauffman	Foundation	Entrepreneurship	Instructor.	Scott	was	appointed	by	four	West	Virginia	
Governors,	to	chair	several	statewide	boards	in	economic	development,	tourism	and	venture	
funding.	Born	in	Huntington,	WVa.,	he	grew	up	in	Keyser,	and	now	lives	in	Morgantown,	with	his	
wife	Carol.	They	have	three	children	and	two	grandchildren.	

	 	

Scott Rotruck 
Director of Energy and Transportation 
Services Spilman Thomas & Battle, PLLC. 
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 Chris Stadelman 

  Chief of Staff 
  West Virginia Governor’s Office 
 
	

	

	

	

Chris	Stadelman	was	named	Chief	of	Staff	for	Governor	Earl	Ray	Tomblin	June	22,	2016.	Mr.	
Stadelman	previously	served	as	Gov.	Tomblin's	Director	of	Communications.	Prior	to	joining	the	
Tomblin	Administration,	Mr.	Stadelman	spent	20	years	working	at	newspapers	in	West	Virginia,	
including	10	years	at	the	Charleston	Daily	Mail	where	he	served	as	business	editor,	city	editor	and	
managing	editor.	

Mr.	Stadelman	and	his	wife,	Kelly,	owned	and	operated	The	Parsons	Advocate,	a	weekly	
newspaper	in	Tucker	County,	for	seven	years	before	he	began	working	in	public	relations,	where	
he	worked	for	a	number	of	health	care,	tourism,	and	energy-related	clients.	He	also	served	as	a	
spokesman	for	Governor	Tomblin's	2011	and	2012	campaigns	and	most	recently	served	as	director	
of	outreach	for	the	West	Virginia	Press	Association.	

A	graduate	of	John	Marshall	High	School,	Stadelman	attended	Marshall	University	where	he	was	a	
member	of	the	Society	of	Yeager	Scholars	and	earned	a	bachelor's	degree	in	journalism	and	a	
minor	in	political	science.	

Chris	and	Kelly	live	in	South	Charleston	with	their	two	Labradors,	Bettis	and	Crosby.	
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Ms.	Swink	retired	from	Federal	Service	(2004)	after	35	years’	experience	spanning	a	variety	of	
programs	at	the	U.S.	Geological	Survey,	the	U.S.	Environmental	Protection	Agency	and	the	U.S.	
Department	of	Energy,	and	is	currently	serving	as	an	independent	consultant	to	private	sector,	
government	and	non-profit	organizations.	

At	the	Department	of	Energy,	Ms.	Swink	held	positions	as	Director,	Office	of	Planning	and	
Environment,	Office	of	Fossil	Energy;	Deputy	Assistant	Secretary,	Office	of	Industrial	Technologies,	
Office	of	Energy	Efficiency	and	Renewable	Energy;	and	Deputy	Director	and	Acting	Director,	Office	
of	Energy	Assurance.	

The	last	two	decades	Ms.	Swink	held	management/supervisory	positions,	and	the	last	decade	she	
was	a	member	of	the	Senior	Executive	Service.	

Ms.	Swink	has	worked	at	the	highest	levels	of	government	and	the	private	sector,	both	nationally	
and	internationally,	on	topics	including:		fossil	energy	technology	advancement	for	extraction,	
transport	and	utilization	of	resources;	manufacturing	productivity	and	efficiency	with	emphasis	on	
technology	advancement	and	adoption;	electricity	infrastructure	development;	and	safety	and	
reliability	of	the	entire	energy	infrastructure.	

To	enhance	the	efficiency	and	competitiveness	of	industry,	Ms.	Swink	created	and	led	extensive	
public/private	partnerships	with	private,	state	and	academic	entities	to:	develop	strategies	
promoting	innovation;	create,	fund	and	implement	plans;	and	monitor	results	and	effectiveness.	
Private	sector	participants	ranged	from	CEO’s	to	plant	operation	personnel.	

As	the	energy	infrastructure	is	the	bedrock	infrastructure	for	the	resilience	of	all	other	critical	
infrastructures,	Ms.	Swink	has	substantial	knowledge	of	interdependencies	among	infrastructures.	

	 	

Denise Swink 
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Dave	van	der	Wiel	
Director,	Babcock	&	Wilcox	Research	Center		
	
Dave	van	der	Wiel	is	the	Director	of	the	Babcock	&	Wilcox	Research	Center	and	oversees	a	
portfolio	of	Technology	Development	projects	focusing	on	energy	&	environmental	
technologies.		In	this	role,	he	is	responsible	for	laboratory	and	pilot	testing,	strategic	research	
program	alignment	and	collaborations	with	B&W	subsidiaries	and	external	partners.		B&W's	main	
areas	of	current	research	include	waste-to-energy,	industrial	&	utility	environmental	products,	
BFBs	for	biomass-to-energy,	CFB	boiler	emissions	and	chemical	looping	processes.		His	background	
includes	20	years	of	domestic	and	international	work	experience	in	catalysis,	energy,	materials	
science,	environmental	technologies,	microtechnology	and	gas-to-liquids	processes.			
	
Dr.	van	der	Wiel	previously	worked	in	various	R&D	roles	at	Saint-Gobain	NorPro,	Velocys,	Battelle	
Memorial	Institute	and	Pacific	Northwest	National	Laboratory.		In	these	positions	he	has	worked	
on	joint	R&D	projects	with	the	world's	top	chemical	companies,	catalyst	manufacturers,	energy	
companies	and	several	governmental	organizations,	including	the	DOE,	DARPA	and	NASA.			
	
He	holds	a	Ph.D.	Chemical	Engineering	from	Iowa	State	University	and	is	a	co-inventor	on	over	20	
granted	patents.	
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Steven	Winberg	

Program	Manager,	Battelle	Memorial	Institute	

	

	

	

	

	

	

Steven	Winberg	has	over	35	years	of	experience	in	the	
energy	industry,	ranging	from	power	generation	

equipment	design	and	installation,	to	use	of	innovative	fuels	and	holds	two	patents	related	to	NOx	
emissions	reduction	using	coal	and	natural	gas.	Mr.	Winberg	has	worked	on	a	variety	of	emerging	
energy	initiatives	including	carbon	capture	and	sequestration,	coal-to-liquids,	greenhouse	gas	
reduction	technology,	fluidized	bed	combustion,	emulsified	fuels,	fuel	cells,	alternative	fuel	
vehicles,	and	coal-water	slurry	applications.	

		
Prior	to	joining	Battelle,	Mr.	Winberg	served	as	Vice	President	for	CONSOL	Energy	Research	&	
Development.		He	began	his	career	with	Foster	Wheeler	as	a	start-up	engineer	on	coal-fired	utility	
boilers,	and	spent	14	years	with	Consolidated	Natural	Gas	working	on	various	power	development	
projects	and	environmental	and	regulatory	issues.		He	represented	the	gas	industry	on	EPA’s	Acid	
Rain	Advisory	Committee	and	participated	in	various	regulatory	rulemaking	initiatives	involving	
end-use	application	of	natural	gas.			

Mr.	Winberg	has	a	B.S.	degree	in	nuclear	science	from	the	State	University	of	New	York	Maritime	
College	and	a	MBA	from	the	University	of	Pittsburgh.	

Battelle	is	the	world’s	largest	nonprofit	research	and	development	organization,	with	over	22,000	
employees	globally.		A	501(c)(3)	charitable	trust,	Battelle	manages	the	world’s	leading	national	
laboratories	and	maintains	a	contract	research	portfolio	spanning	consumer	and	industrial,	energy	
and	environment,	health	and	pharmaceutical	and	national	security.	Battelle’s	own	mission	includes	a	
strong	charitable	commitment	to	community	development	and	education	with	staff	volunteer	efforts	

including;	STEM	education	programs;	and	philanthropic	
projects.	

Michael	N.	Worley		
U.S.	Department	of	Energy	(DOE)	Office	of	Nuclear	
Energy	(NE)	
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Mr.	Worley	is	the	Director	for	Integrated	Safety	and	Program	Assurance,	with	responsibilities	to	
plan	and	execute	the	Nuclear	Energy	University	Programs	and	Integrated	University	Program.	Prior	
to	this	assignment,	Mr.	Worley	was	the	Director	for	Laboratory	Facilities	Management,	with	line	
management	responsibility	for	the	nuclear	facilities	and	safeguards	&	security	programs	at	the	
Idaho	National	Laboratory,	including	operations	at	the	Advanced	Test	Reactor.		

Prior	to	joining	NE,	Mr.	Worley	served	in	the	Office	of	Environmental	Management	(EM)	as	the	
Idaho	High	Level	Waste	Program	Manager	and	as	the	Mound	Site	Program	Manager.	Other	DOE	
assignments	included	serving	on	the	staff	of	the	Office	of	the	Departmental	Representative	to	the	
Defense	Nuclear	Facilities	Safety	Board	and	as	a	member	of	the	Office	of	Defense	Programs	team	
responsible	for	the	restart	of	the	K	Reactor	at	the	Savannah	River	Site.	Before	joining	DOE,	Mr.	
Worley	served	in	the	U.S.	Naval	Nuclear	Propulsion	Program	as	a	submarine	officer.		

Mr.	Worley	is	a	graduate	of	the	U.S.	Naval	Academy	where	he	earned	a	B.S.	in	Political	Science	and	
Government	and	The	Johns	Hopkins	University	where	he	received	his	M.S.	in	Environmental	
Engineering	and	Science.	

	 	



Exploring Regional Opportunities in the U.S. for Clean Energy Technology Innovation • Volume 211-92

 

Mid Atlantic Region Energy Innovation Forum 87 of 85 

		David	Zaziski	
		Federal	Business	Development	Advisor/Consultant	
		Siluria	Technologies,	Inc.	
	
	
	
	
	
	
	
	
	
	

	
Dr.	David	Zaziski	has	over	12	years’	experience	working	at	the	intersection	of	new	technology,	
public	policy,	and	commercializing	products	from	concept	in	areas	including	Energy,	Cleantech,	
MEMS,	aerospace,	advanced	materials,	nanotechnology,	and	defense.		
	
Dr.	Zaziski	is	currently	Director	of	Government	Affairs	and	Business	Development	at	Siluria	
Technologies,	Inc.	Siluria	is	pioneering	the	commercial	production	of	fuels	and	chemicals	made	
from	clean,	abundant	natural	gas.	
	
Prior	to	Siluria,	Dr.	Zaziski	led	the	business	development	team	at	Crossbow	Technology,	Inc,	a	
leading	developer	of	MEMS	based	inertial	systems	for	navigation,	guidance	and	control	systems.	
Crossbow	was	acquired	by	Moog,	Inc.	in	2011.	Before	Crossbow,	Dr.	Zaziski	built	up	$18M	in	
government	programs	at	Nanosys,	Inc.,	a	nanotechnology	products	company.	Dr.	Zaziski	is	also	a	
consultant/advisor	to	numerous	venture	backed	and	F500	technology	companies	on	matters	of	
government	strategy,	proposal	development	and	strategy	execution.		
	
Dr.	Zaziski	earned	his	Ph.D.	in	Materials	Chemistry	at	the	University	of	California,	Berkeley	and	B.S.	
in	Chemistry	at	University	of	Michigan.	Dr.	Zaziski	is	the	author	of	over	7	patents	(issued	and	
pending)	and	publications	in	leading	journals	including	Science	and	NanoLetters.	
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