BIOENERGY TECHNOLOGIES OFFICE EﬁMERmREEFY Energy Efficiency &

Renewable Energy

Indianapolis

Louisville

AMERICA’S FIRST
BIOFUELS CORRIDOR

State Energy Advisory Board Alison Goss Eng
April 25, 2019 Program Manager



=
Bioenergy Technologies Office’s Mission and Vision

fueled by innovative technologies

Developing transformative and
revolutionary sustainable bioenergy
and bioproducts technologies for a
prosperous nation

“Vision ' A thriving and sustainable bioeconomy
n

Missio

Strategic
Goals

Develop industrially relevant
technologies to enable domestically
produced biofuels, biopower, and
bioproducts

BETO Reduces Technology Uncertainties and Enables Affordability Through R&D
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Office Vision and Mission: 
BETO has revised its vision statement to “A thriving and sustainable bioeconomy fueled by innovative technologies” and its mission statement to “Developing transformative and revolutionary bioenergy technologies for a sustainable nation.”
These revisions emphasize BETO’s key role in the bioeconomy.
To achieve these goals, BETO is focused on forming public-private partnerships with key stakeholders to research and develop technologies to produce advanced bioenergy and bioproducts from non-food, feed, or fiber biomass.

The Office focuses on reducing risks, through the development of technologies that enable industry investment in technology deployment at scale. 

BETO’s strategic goal is to enable use of America’s abundant biomass and waste resources for advanced biofuels, bioproducts, and biopower by:
Identifying and developing biofuel pathways and innovative end uses; 
Lowering the cost of production through increased efficiency, productivity, and yields; and
Completing applied research and development on complex, real world systems, and integrating engineering processes for promising new advanced bioenergy technologies;
While maintaining or enhancing economic, environmental, and social sustainability
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Bioenergy Delivers Unique Value

BETO funds research and development activities that reduce the price
of production of biofuels and bioproducts which enable:

* Increasing domestic bioenergy production to support America's
national security interests

* Creating American jobs, boosting economic growth, and
encouraging investment across the nation

* Advancing U.S. competitiveness in global energy and bioproduct
markets

 Maximizing the use of America's abundant biomass resources
* Improving the quality of life for Americans

U.S. DEPARTMENT OF .
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Biomass is an energy resource derived from non-food plant-, algal-, and waste-based materials that includes crop residues (corn stover), purpose-grown grass crops, woody plants, industrial wastes, algae, wood waste, and sorted municipal solid waste.

Only renewable energy source that offers a viable substitute for petroleum-based liquid transportation fuels in the near term and can be used to produce chemicals for manufacturing, as well as supply power for our electrical grid.

Can contribute to a more secure, sustainable, and economically sound future by providing domestic clean energy sources, reducing U.S. dependence on foreign oil, generating U.S. jobs, and revitalizing rural and urban America.

BETO is focused on developing cost-competitive bioenergy technologies to enable the United States to emerge as the global leader in the clean energy economy. 
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From Challenge to Opportunity

THE CHALLENGE

More than $215 million is spent every day
on foreign oil imports ($43/barrel/day in
2016%*). Dependence on foreign oil can leave
us vulnerable to disruptions in supplies and
contributes significantly to our trade deficit.

Transportation accounts for 67% of
petroleum consumption and 26% of
emissions in the United States.

THE OPPORTUNITY

More than 1 billion tons of biomass could be
domestically converted into biofuels and
products.

Biomass could displace 25% of U.S.
petroleum use annually by 2030, keeping
$260 billion in the United States, adding 1.1
million direct jobs, and reducing annual CO,
emissions by 450 million tons or 7% of U.S.
energy emissions™*,

*Annual Energy Outlook 2017 with projections to 2050
eia.gov/outlooks/aeo/pdf/0383(2017).pdf
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** Rogers et al. 2016, An assessment of the potential products and economic and environmental
impacts resulting from a billion ton bioeconomy.
onlinelibrary.wiley.com/doi/10.1002/bbb.1728/full ~ U.S DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy
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The United States spend hundreds of billions of dollars on oil imports each year. Reliance on imported petroleum puts the U.S. economy at the mercy of market and political trends that our beyond our control. The transportation sector is the major source of this dependence, which accounts for roughly two thirds of our total petroleum consumption. 
The Challenge Source:  Oil prices are driven by global market balances that are mainly influenced by factors external to the NEMS model. In the High Oil Price case, the price of Brent crude in 2016 dollars reaches $226 per barrel (b) by 2040, compared to $109/b in the Reference case and $43/b in the Low Oil Price case. Annual Energy Outlook 2017 with projections to 2050 https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf 
The Challenge Source:  In 2016, the United States imported approximately 10.1 million barrels per day (MMb/d) of petroleum from about 70 countries.  In 2016, the United States exported about 5.2 MMb/d of petroleum. The resulting net imports (imports minus exports) of petroleum were about 4.9 MMb/d. Brent Crude Oil (dollars per barrel) averaged $43.74/b in 2016. https://www.eia.gov/tools/faqs/faq.php?id=727&t=6
       https://www.eia.gov/outlooks/steo/ 
In addition, we all know that petroleum consumption produces large amounts of carbon emissions—roughly 26% of what we produce nationwide. 
Advanced biofuels have the potential to enable us to use the enormous, renewable resources of the United States to avoid approximately 10% of U.S. carbon emissions and displace up to 27% of U.S. petroleum use, thereby creating jobs across many sectors of our economy. 
Two reports on this subject, the 2005 Billion-Ton Study, and the 2011 U.S. Billion-Ton Update, project that by 2030, the United States could sustainably produce more than 1 billion tons of biomass—without competing with the food, feed, and fiber supply. And this does not include the potential for algal biofuels, which could be significant. 
In July 2016, BETO released the 2016 Billion-Ton Report, an update to the 2011 U.S. Billion-Ton Update, addressing in detail the availability of feedstocks across regions of the United States.  A companion volume will focus on the sustainability of tapping into a billion tons of biomass each year. 
Source: Energy Information Administration, 2016 Annual Energy Outlook (for year 2015), U.S. Department of Energy, 2016.    
Source: 2011 U.S. Billion-Ton Update, U.S. Department of Energy, 2011.
http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRIMUS1&f=M 


https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf
http://onlinelibrary.wiley.com/doi/10.1002/bbb.1728/full

oenergy Technologies Office’s Critical Program Areas

Feedstock Supply & Logistics

Works to reduce the cost, improve

the quality, and increase the volume
of sustainable feedstocks available
for delivery to a conversion process.

Advanced Algal Systems

. Focuses on improving the
productivity of algal biomass and
enhancing the efficiency of
cultivation and harvesting.

Conversion

Develops technologies to convert
non-food feedstocks into biofuels,
bioproducts, and biopower.

Conducts feedstock blend testing,
separations, materials compatibility
evaluations, and techno-economic
analyses to focus research on highest
impacts.

Advanced Development

and Optimization

Aims to reduce technology
uncertainty in bioenergy by
integrating individual
technologies into a
system/process and provides
vital knowledge fed back to
research programs.
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Sustainability and Strategic Analysis
@ Supports program decision-making and develops science-based
strategies to understand and enhance the economic and
environmental benefits of advanced bioenergy.

U.S. DEPARTMENT OF Energy EfﬁCieﬂCy &

ENERGY Renewable Energy
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The Bioenergy Technologies Office (BETO) will focus on early-stage applied R&D that bolsters the body of scientific and engineering knowledge enabling industry to demonstrate and deploy high-performing drop-in biofuels and renewable chemicals at $3 per gallon gasoline equivalent ($3/gge) in the near-term, with an ultimate target of $2/gge.


BETO’s portfolio addresses technology uncertainty at each stage of the supply chain: Biomass Supply, Pretreatment, Conversion and Final Product Recovery.

Each of these steps involves overcoming key challenges that BETO’s national labs, universities, and industry partners are working collaboratively to address.

A few of the most significant challenges include the cost and variability of feedstock supply, handling of feedstock, biomass feeding, sizing, and moisture content for pretreatment, catalysts used for conversion, and upgrading of intermediates to valuable end-uses. 

Through incorporating lessons learned from past projects, particularly regarding interactions with the financial community, BETO is helping to improve the chances of success for future bioenergy projects with the help of our partners.

BETO’s mission is to support the research, development, and demonstration of advanced bioenergy technologies. Our Office spans the bioenergy supply chain.

Feedstock supply efforts focus on RD&D to develop cost-effective integrated logistics systems—so this includes growing, harvesting, collecting, storing, preprocessing, handling, and transporting quality feedstock to biorefineries. 

Our conversion R&D program is focused on developing commercially viable technologies to convert terrestrial and algal feedstocks into liquid fuels, as well as bioproducts and biopower. 
Biochemical Conversion R&D efforts focus on pathways for producing sugars and other carbohydrate intermediates followed by conversion to finished fuels.
Thermochemical Conversion R&D is focused on pathways producing bio-oil and gaseous intermediates from biomass followed by upgrading to finished fuels.

The Demonstration and Market Transformation program is focused on demonstrating and validating biomass conversion technologies through successful construction and operation of cost-shared pilot and demonstration-scale integrated biorefineries.

We have crosscutting programs in Sustainability and Strategic Analysis.
Proactively addresses sustainability of advanced bioenergy to enhance its benefits, public acceptance, and long-term viability.
Conducts key analyses to guide planning and portfolio management and provides the analytical basis for R&D prioritization, target development, and assessment of progress towards goals.
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Project Partners
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BETO works with partners in industry, universities, and the national labs.
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The graphic above shows the stakeholders we’re actively working with – across industry, universities, and the private sector. Roughly 52% of BETO’s funding supports our national labs, with the remainder being distributed between industry and universities. 




Inter-Agency Collaboration

Other Federal Agencies
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USDA focuses on feedstock
production and rural
development, co-chairs the BRDI
Board with DOE, and partners
with BETO on interagency efforts
to support the bioeconomy.

BETO provides technical expertise

on the Farm-to-Fly 2.0 initiative to

produce renewable jet fuel.

The EPA administers the
Renewable Fuel Standard and
works with BETO on life cycle

analysis for different fuel

pathways.

The DOT invests in national
infrastructure and works with
BETO on challenges related to
bioenergy transportation and

logistics.

Under the Defense Production Act,
the DOD partners with USDA and
DOE to produce drop-in fuels for

the military.

NSF supports innovative chemical,
environmental and bio-
engineering analysis which informs
BETO research.

Key Partnerships of the
Bioenergy Technologies Office

Office of Energy Efficiency
& Renewable Energy

Vehicle
Technologies
Office (VTO)

VTO partners with BETO on
fuel and infrastructure
characterization and new
work on the co-optimization
of fuels and engines.

Advanced
Manufacturing
Office (AMO)

AMO works with BETO to
research and develop

renewable, low-cost carbon

fiber for lightweight vehicles.

Bioenergy
Technologies
Office (BETO)
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BETO’s mission is to
accelerate the
commercialization of
advanced biofuels and
bioproducts through targeted
RD&D supported by public
and private partnerships.

The White House Office of Science
and Technology Policy

BETO contributes to White House goals for the
reduction of GHG emissions and oil imports
under the Climate Action Plan.

P45 Office of
/4 Science

U.S. DEPARTMENT OF ENERGY

BETO collaborates with the
Office of Fossil Energy to
utilize biomass for carbon
capture.

The Office of Science focuses
on early stage basic science
with eventual commercial
applications for bioenergy.

ARPA-E invests in innovative
technologies including
electro-fuels and the PETRO
program for direct biofuel
production.

The Loan Programs Office
provides loan guarantees for
commercial biorefinery
projects.

BETO contributes data to the
EIA to support their accurate
energy forecasting for
consumption and
production.

National Laboratories
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BETO partners with other DOE Offices, other Federal agencies, and the national labs to achieve U.S. goals on bioenergy

U.S. DEPARTMENT OF Energy EfﬁCieﬂCy &

ENERGY Renewable Energy
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The Biomass Research & Development Board BRD

Development Act of 2000
established the Interagency
Biomass R&D Board, the
Technical Advisory Committee,
and the Biomass R&D Initiative
(BRDi).

Senate-confirmed sub-cabinet officials

 The BR&D Board facilitates
coordination among federal
government agencies that affect
the research, development, and
deployment of biofuels and
bioproducts.

U.S. DEPARTMENT OF )
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The BR&D Board was created through the enactment of the Biomass Research and Development Act of 2000 to coordinate programs within and among departments and agencies of the federal government for the purpose of promoting the use of biobased industrial products by:
Maximizing the benefits deriving from federal grants and assistance; and 
bringing coherence to federal strategic planning.
The Agricultural Act of 2014 (Farm Bill) reauthorized the Board and TAC. BRDi was also reauthorized, however the annual funding amount was cut to $3M mandatory. 
The Board is co-chaired by senior officials from DOE and USDA, and currently consists of senior decision makers from the DOE, USDA, DOT, DOI, DoD, EPA, NSF, and OSTP within the Executive Office of the President. 
With its diverse membership, the Board facilitates coordination among federal government agencies that affect the research, development, and deployment of biofuels and bioproducts.



What is the Bioeconomy?

The bioeconomy is a global industrial transition of
sustainably utilizing renewable aquatic and terrestrial
biomass resources in energy, intermediate, and final
products for economic, environmental, social, and
national security benefits.

From 2014 Report: Why Biobased? Opportunities in the Emerging Bioeconomy: Why BioPreferred
biopreferred.qov/files/WhyBiobased.pdf



http://www.biopreferred.gov/files/WhyBiobased.pdf

The Bioeconomy Concept

Round Wood and Woody Energy Crops

i

Woody Residues J‘—;

ﬂ‘fm

Solid Urban Residues and
Municipal Solid Wastes

- %8
= -,

Herbaceous Residues and Energy Crops

e b

Algae and Other Microcrops
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Hydrolysis and
Fermentation

P

Combustion

Gasification

Refining

Liquid Fuels

Chemicals

Ethanol

éﬁ/

Electricity

P2

Heat & Steam

Revenue and economic
growth

Broad spectrum of new
jobs
Rural development

Advanced technologies
and manufacturing

Reduced emissions and
Environmental
Sustainability

Export potential of
technology and
products

Positive societal
changes

Investments and new
infrastructure

U.S. DEPARTMENT OF Energy EfﬁCienCy &

ENERGY Renewable Energy
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Bioeconomy Implementation Framework BRJ)

BIOMASS RESEARCH & DEVELDSMENT

The Framework (formerly called the Action Plan) will serve as a guiding document
for BR&D Board member agencies to implement the multi-agency Bioeconomy
Initiative while:

1. Increasing government accountability and efficiency

2. Maximizing interagency coordination on research and other activities

3. Accelerating innovative and sustainable technologies that harness the nation’s
biomass resources.

https://biomassboard.gov/pdfs/Bioeconomy_Initiative_Implementation_Framework_ FINAL.pdf

11 | Bioenergy Technologies Office EﬁEmREEFY Energy Efficiency &
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The Action Plan is the third report in a series of documents to initiate and coordinate federal agency efforts to support the expansion of a robust domestic bioeconomy.
This effort does not supersede or override the statutory and regulatory authority, mission, program, or approach of the participating agencies or their organizational components. 


Example Implementation Framework Goals

* Leverage high-value bioproducts to develop B&D
algae industry infrastructure St Ay geroaor i

e Establish a fully developed biofuel and
bioproducts production pipeline for
manufacturing advanced biofuels, industrial
chemicals, and other biobased products

* Enable new markets for biomass by
facilitating feedstock establishment and
management

* Remove barriers to biointermediate refining
and upgrading via existing infrastructure

* Facilitate end-user market expansion by
streamlining testing and certification of
novel fuels for use in existing surface
vehicles, vessels, and aircraft

* Validate cost estimates and market prices at
representative engineering scales under
various scenarios and assumptions to
examine process robustness and fully
understand research issues with scale-up

Energy Efficiency &
Renewable Energy
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Critical Research Areas Under Implementation Framework

* Develop superior feedstock crop plants BRS']D

with improved yields and quality and
less recalcitrance to deconstruction

* Improve enzyme and catalyst
effectiveness, efficiency, and
regeneration

* |mprove catalytic and separations
processes

 Develop new products, co-products,
and robust processes

 Advance industrial efficiency through a
more complete understanding of
cellulosic breakdown and reformulation

e Understand and model materials
characteristics and handling

* Waste gaseous carbon utilization

U.S. DEPARTMENT OF =
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Implementing the Bioeconomy Initiative

The Framework lays out a number of fundamental actions across
different focus areas in order to implement the Bioeconomy Initiative.
* Knowledge sharing, including:
— Analyzing gaps in existing online resources
— Using the STEM Workforce Development program
* Stakeholder Engagement, including:
— Emulating existing successful public-private partnership models (ex., CAAFI)
* Technology Transfer, including:
— Provide access to experts to discuss technology/tech transfer opportunities
— Provide IP for industry with working with public entities
* Industry Partnerships, including:
— Summarize existing and potential future activities to engage industry
* Project Finance, including:

— Work to better understand funding barriers, key risks, and options

— Improve coordination of options and mechanisms for providing financial funding
support

Energy Efficiency &
Renewable Energy

14 | Bioenergy Technologies Office Eﬁ“EmREEFY



Thank you!

Alison Goss Eng, PhD
Program Manager
Bioenergy Technologies Office
U.S. Department of Energy
Phone: (202) 586-9109
Email: Alison.GossEng@ee.doe.gov

ﬁ www.linkedin.com/in/alisongosseng

.

E www.bioenergykdf.net

www.twitter.com/AlisonGossEng

www.twitter.com/BioenergyKDF

Energy Efficiency &
Renewable Energy
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