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Preface

In June 2013, through the Presidents “Climate Action Plan” and in response to a 2011
recommendation by the President’s Council of Advisors on Science and Technology, President
Obama initiated a quadrennial cycle of energy reviews to provide a multi-year roadmap for
U.S. energy policy. In a Presidential Memorandum released on January 9, 2014 (see page iii
for full text), President Obama directed his Administration to conduct a Quadrennial Energy
Review (QER) and identified infrastructure as the focus of its first installment:!

This first-ever review will focus on infrastructure challenges,
and will identify the threats, risks, and opportunities for
U.S. energy and climate security, enabling the Federal
Government to translate policy goals into a set of
analytically based, clearly articulated, sequenced and
integrated actions, and proposed investments....”

The President also announced the formation of a White House Task Force—co-chaired by

the Director of the Office of Science and Technology Policy and the Special Assistant to the
President for Energy and Climate Change from the Domestic Policy Council and comprised of
22 Federal agencies with equities in energy—to develop the QER. The Task Force is directed
to deliver a report to the President that includes the following:

o Provides an integrated view of, and recommendations for, Federal energy policy in
the context of economic, environmental, occupational, security, and health and safety
priorities, with attention in the first report given to the challenges facing the Nation’s
energy infrastructures.

» Reviews the adequacy of existing executive and legislative actions and recommends
additional executive and legislative actions as appropriate.

o Assesses and recommends priorities for research, development, and demonstration
programs to support key energy innovation goals.

o Identifies analytical tools and data needed to support further policy development and
implementation.
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The President further directed the Department of Energy (DOE) to provide analytical support
for the QER and to help manage the interagency process through a secretariat at DOE. This is
consistent with DOE’s missions and statutory responsibilities. DOE has undertaken periodic
reviews and analyses of the energy sector (including in the “National Energy Strategy” of

1991 and the “Comprehensive Energy Strategy” of 1998) and contributed to the work of the
National Energy Policy Development Group led by the Vice President in 2001, but the last
national energy policy report was published nearly 14 years ago, and the U.S. energy system
has changed very significantly over that period. The Presidential Memorandum on the

QER recognizes that such a review is overdue and the high value of the White House as the
convener of such an effort. It also reinforces the equities that multiple agencies have in Federal
energy policy.

As directed by the President, the QER is envisioned as a focused, actionable document
designed to provide policymakers, industry, investors, and other stakeholders with unbiased
data and analysis on energy challenges, needs, requirements, and barriers that will inform a
range of policy options, including legislation. Each installment of the QER will analyze and
make recommendations for a key component of the energy value chain.

! The White House. "Obama Administration Launches Quadrennial Energy Review." January 9, 2014.
https://www.whitehouse.gov/the-press-office/2014/01/09/presidential-memorandum-establishing-
quadrennial-energy-review. Accessed January 15, 2015.
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Presidential
Memorandum

The White House
January 09, 2014

Presidential Memorandum -- Establishing a Quadrennial Energy Review
MEMORANDUM FOR THE HEADS OF EXECUTIVE DEPARTMENTS AND AGENCIES

Affordable, clean, and secure energy and energy services are essential for improving U.S. economic
productivity, enhancing our quality of life, protecting our environment, and ensuring our Nation’s
security. Achieving these goals requires a comprehensive and integrated energy strategy resulting
from interagency dialogue and active engagement of external stakeholders. To help the Federal
Government better meet this responsibility, I am directing the undertaking of a Quadrennial
Energy Review.

The initial focus for the Quadrennial Energy Review will be our Nation’s infrastructure for
transporting, transmitting, and delivering energy. Our current infrastructure is increasingly
challenged by transformations in energy supply, markets, and patterns of end use; issues of aging
and capacity; impacts of climate change; and cyber and physical threats. Any vulnerability in
this infrastructure may be exacerbated by the increasing interdependencies of energy systems
with water, telecommunications, transportation, and emergency response systems. The first
Quadrennial Energy Review Report will serve as a roadmap to help address these challenges.

The Department of Energy has a broad role in energy policy development and the largest role in
implementing the Federal Government’s energy research and development portfolio. Many other
executive departments and agencies also play key roles in developing and implementing policies
governing energy resources and consumption, as well as associated environmental impacts. In
addition, non-Federal actors are crucial contributors to energy policies. Because most energy and
related infrastructure is owned by private entities, investment by and engagement of the private
sector is necessary to develop and implement effective policies. State and local policies; the views
of nongovernmental, environmental, faith-based, labor, and other social organizations; and
contributions from the academic and non-profit sectors are also critical to the development and
implementation of effective energy policies.

An interagency Quadrennial Energy Review Task Force, which includes members from all
relevant executive departments and agencies (agencies), will develop an integrated review of
energy policy that integrates all of these perspectives. It will build on the foundation provided in
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my Administration’s Blueprint for a Secure Energy Future of March 30, 2011, and Climate Action
Plan released on June 25, 2013. The Task Force will offer recommendations on what additional
actions it believes would be appropriate. These may include recommendations on additional
executive or legislative actions to address the energy challenges and opportunities facing the
Nation.

Therefore, by the authority vested in me as President by the Constitution and the laws of the
United States of America, I hereby direct the following:

Section 1. Establishing the Quadrennial Energy Review Task Force.

(a) There is established the Quadrennial Energy Review Task Force (Task Force), to be co-chaired
by the Director of the Office of Science and Technology Policy and the Director of the Domestic
Policy Council, which shall include the heads of each of the following, or their designated
representatives:

(i) the Department of State;

(ii) the Department of the Treasury;

(iii) the Department of Defense;

(iv) the Department of the Interior;

(v) the Department of Agriculture;

(vi) the Department of Commerce;

(vii) the Department of Labor;

(viii) the Department of Health and Human Services;
(ix) the Department of Housing and Urban Development;
(x) the Department of Transportation;

(xi) the Department of Energy;

(xii) the Department of Veterans Affairs;

(xiii) the Department of Homeland Security;

(xiv) the Office of Management and Budget;

(xv) the National Economic Council;

(xvi) the National Security Staff;

(xvii) the Council on Environmental Quality;

(xviii) the Council of Economic Advisers;

(xix) the Environmental Protection Agency;
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(xx) the Small Business Administration;

(xxi) the Army Corps of Engineers;

(xxii) the National Science Foundation; and

(xxiii) such agencies and offices as the President may designate.

(b) The Co-Chairs may invite independent regulatory agencies with energy-related
responsibilities, including the Federal Energy Regulatory Commission and the Nuclear Regulatory
Commission, to participate in the Task Force, as determined to be appropriate by those agencies.

(c) The Co-Chairs shall regularly convene and preside at meetings of the Task Force and shall
determine its agenda. Under the direction of the Co-Chairs, the Task Force shall:

(i) gather ideas and advice from State and local governments, tribes, large and small
businesses, universities, national laboratories, nongovernmental and labor organizations,
consumers, and other stakeholders and interested parties; and

(ii) coordinate the efforts of agencies and offices related to the development of the
Quadrennial Energy Review Report, as described in sections 1 and 2 of this memorandum.

(d) The Secretary of Energy shall provide support to the Task Force, including support for
coordination activities related to the preparation of the Quadrennial Energy Review Report, policy
analysis and modeling, and stakeholder engagement.

(e) The Task Force shall submit a Quadrennial Energy Review Report to the President every
4 years beginning with a report delivered by January 31, 2015. Intermediate reports and other
material may be prepared by the Task Force as required by the President.

Sec. 2. The Quadrennial Energy Review Report.

The Task Force shall establish integrated guidance to strengthen U.S. energy policy. Building

on the Blueprint for a Secure Energy Future and the Climate Action Plan, and taking into
consideration applicable laws and regulations, the Task Force shall prepare a Quadrennial Energy
Review Report that:

(a) provides an integrated view of, and recommendations for, Federal energy policy in the context
of economic, environmental, occupational, security, and health and safety priorities, with attention
in the first report given to the challenges facing the Nation’s energy infrastructures;

(b) reviews the adequacy, with respect to energy policy, of existing executive and legislative
actions, and recommends additional executive and legislative actions as appropriate;

(c) assesses and recommends priorities for research, development, and demonstration programs to
support key energy-innovation goals; and

(d) identifies analytical tools and data needed to support further policy development and
implementation.
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Sec. 3. Outreach.

In order to gather information and recommendations and to provide for a transparent process in
developing the Quadrennial Energy Review Report, the Task Force shall engage with State and local
governments, tribes, large and small businesses, universities, national laboratories, nongovernmental
and labor organizations, and other stakeholders and interested parties. The Task Force shall develop
an integrated outreach strategy that relies on both traditional meetings and the use of information
technology.

Sec. 4. General Provisions.

(a) This memorandum shall be implemented consistent with applicable law and subject to the
availability of appropriations.

(b) Nothing in this memorandum shall be construed to impair or otherwise affect:
(i) the authority granted by law to any agency, or the head thereof; or

(ii) the functions of the Director of the Office of Management and Budget relating to budgetary;,
administrative, or legislative proposals.

(c) Nothing in this memorandum shall be construed to require the disclosure of confidential business
information or trade secrets, classified information, law enforcement sensitive information, or other
information that must be protected in the interest of national security or public safety.

(d) This memorandum is not intended to, and does not, create any right or benefit, substantive or
procedural, enforceable at law or in equity by any party against the United States, its departments,
agencies, or entities, its officers, employees, or agents, or any other person.

(e) The Director of the Office of Science and Technology Policy is authorized and directed to publish
this memorandum in the Federal Register.

BARACK OBAMA
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Summary

TRANSFORMING U.S.
ENERGY INFRASTRUCTURES
IN A TIME OF RAPID CHANGE:

THE FIRST INSTALLMENT OF THE
QUADRENNIAL ENERGY REVIEW

SUMMARY FOR POLICYMAKERS

The U.S. energy landscape is changing. The United States has become the world’s leading producer of
oil and natural gas combined. The country is less dependent on foreign oil, as a percentage of national
oil consumption, than it has been since 1971. Current cars can go farther on a gallon of gas than ever
before. Between 2005 and 2014, U.S. consumption of motor gasoline fell 2.6 percent despite population
growth of 7.6 percent and gross domestic product growth of 13.0 percent. Additionally, as a result of
changes in economic structure and conditions and policies to promote energy efficiency, U.S. electricity
consumption was flat over that 10-year period and total energy use declined by 1.9 percent.*

The composition of the Nation’s energy supply has also started to shift: petroleum consumption is flat
and coal consumption is declining, while the use of natural gas and renewables is growing. In 2014,
renewable energy sources accounted for half of new installed electric-generation capacity, and natural
gas units made up most of the remainder. Electricity generation from wind grew 3.3-fold between
2008 and 2014, and electricity generation from solar energy grew more than 20-fold.

The focus of U.S. energy policy discussions has shifted from worries about rising oil imports and
high gasoline prices to debates about how much and what kinds of U.S. energy should be exported,
concerns about the safety of transporting large quantities of domestic crude oil by rail, and the
overriding question of what changes in patterns of U.S. energy supply and demand will be needed—
and how they can be achieved—for the United States to do its part in meeting the global climate
change challenge.

¢ The figures in this and the succeeding paragraph are from: Energy Information Administration. “Monthly Energy Review.”
March 2015. www.eia.gov/totalenergy/data/monthly/pdf/mer.pdf. However, the population data are from: Census
Bureau. “Population Estimates” www.census.gov/popest/. Accessed April 5, 2015.
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In the “Climate Action Plan” unveiled by President Obama in June 2013, he directed his Administration to
initiate an interagency Quadrennial Energy Review (QER) to help ensure, in this dramatically changing energy
landscape, that Federal energy policy is appropriately matched to the Nation’s economic, security, and climate
goals. The approximately annual installments of the QER over the ensuing 4 years are to focus on different
components of the Nation’s energy system—resource extraction and processing, energy transport and storage
infrastructure, electricity generation, energy end-use—providing findings and recommendations on how
Federal energy policy can best complement and incentivize state, local, tribal, and private sector actions so as
to meet ongoing and emerging challenges and take advantage of new opportunities.

This first installment of the QER addresses infrastructures for energy transmission, storage, and distribution
(TS&D), broadly defined as infrastructures that link energy supplies, carriers, or by-products to intermediate and
end users. This focus was chosen because the dramatic changes in the U.S. energy landscape have significant
implications for TS&D infrastructure needs and choices. Well-informed and forward-looking decisions that
lead to a more robust and resilient infrastructure can enable substantial new economic, consumer service,
climate protection, and system reliability benefits. Good decisions on TS&D infrastructure can also provide
flexibility in taking advantage of new opportunities to achieve our national energy objectives.

This summary follows the organization of the main report, starting with an introduction to TS&D
infrastructure issues (corresponding to Chapter I, Introduction, in the main report) and continuing with
sections on the following:

 Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure (Chapter II)
o Modernizing the Electric Grid (Chapter III)

o Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace (Chapter IV)
o Improving Shared Transport Infrastructures (Chapter V)

+ Integrating North American Energy Markets (Chapter VI)

o Addressing Environmental Aspects of TS&D Infrastructure (Chapter VII)

« Enhancing Employment and Workforce Training (Chapter VIII)

«  Siting and Permitting of TS&D Infrastructure (Chapter IX).

The main report’s treatment of the QER analytical and stakeholder process (Chapter X, Analytical and
Stakeholder Process) and its appendices on technical details of TS&D infrastructure for liquid fuels, natural
gas, and electricity are not covered here.

Introduction to TS&D Infrastructure Issues

The United States has one of the most advanced energy systems in the world, supplying the reliable, affordable,
and increasingly clean power and fuels that underpin every facet of the Nation’s economy and way of life.

The energy TS&D infrastructure that links the components of that system with each other and with users

is increasingly complex and interdependent. It includes approximately 2.6 million miles of interstate and
intrastate pipelines; about 640,000 miles of transmission lines; 414 natural gas storage facilities; 330 ports
handling crude petroleum and refined petroleum products; and more than 140,000 miles of railways that
handle crude petroleum, refined petroleum products, liquefied natural gas, and coal. The components of the
Nation’s TS&D infrastructure considered in this report are listed in Table SPM-1.

The requirements that this TS&D infrastructure must meet are extensive and demanding. It must handle a
diverse and evolving mix of energy sources and energy products; link sources, processors, and users across
immense distances; match demands that vary on multiple time scales; co-exist with competing uses of the
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same systems (e.g., ports and railways); and perform 24 hours a day, 365 days a year with high reliability, which
in turn requires both low susceptibility to disruptions and the resilience to recover quickly from whatever
disruptions nonetheless occur. The longevity and high capital costs of energy TS&D infrastructure, moreover,
mean that decisions made about how to locate, expand, and otherwise modify this infrastructure today will

be influencing—either enabling or constraining—the size and composition of the national energy system for
decades to come.

Challenges of TS&D Infrastructure Management and Policy

Much of the TS&D infrastructure is owned and operated by the private sector, and a significant portion of the
related legal, regulatory, and policy development and implementation occurs at state and local levels. At the
same time, the Federal Government controls and operates substantial TS&D infrastructure assets of its own,
including inland waterways, thousands of miles of transmission lines, and strategic oil and product reserves.
Some of the infrastructure elements owned by others are federally regulated with respect to aspects of siting,
safety, environment, and reliability. A number of emergency authorities bearing on TS&D infrastructure are
also vested in the Federal Government.

A further complexity affecting the TS&D infrastructure management and policy is that these infrastructures
often reach across state and even international boundaries, thus affecting large regions and making multi-state
and sometimes multi-national coordination essential for modernization, reliability, resilience, and flexibility.

In addition, the large capital costs, scale, and “natural monopoly” characteristics of much TS&D infrastructure
tend to perpetuate the role of incumbent providers; these circumstances constrain innovation and add to the
usual litany of market failures—public goods, externalities, information deficits, perverse incentives—generally
understood to warrant intervention through government policy when the proposed remedy is expected to
have sufficient net benefits to overcome predictable ancillary and unintended consequences.
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Table SPM-1. Components of TS&D Infrastructure Considered in this Installment of the QER

Fuel/Energy Carrier TS&D Infrastructure Element/System

Transmission lines and substations

Distribution lines and distributed generation

Electricity
Electricity storage

Other electric grid-related infrastructure

Natural gas gathering lines

Transmission pipelines

Natural gas storage facilities

Natural Gas
Processing facilities

Distribution pipelines and systems

LNG production/storage facilities (including export terminals)

Rail, truck, barge transport

Coal
Export terminals

Crude oil pipelines

Crude oil and products import and export terminals

Crude Oil/ Rail, truck, barge transport

Petroleum Products Oil refineries

Strategic Petroleum Reserve & Regional Petroleum Product Reserves

CO, pipelines (including EOR)

Biofuels Transport of feedstock and derived products, biorefineries

Chapter 1, Table 1-1.

Given the complexity of this policy landscape, it should be obvious that Federal policies to encourage and
enable modernization and expansion of the Nation’s TS&D infrastructure must be well coordinated with state,
local, tribal, and (sometimes) international jurisdictions. Full consideration must be given to the interaction
of policy at all levels of government with private sector incentives and capabilities and include attention to
opportunities for well-designed, purpose-driven, public-private partnerships.

Current Trends Affecting TS&D Infrastructure Choices

A number of changes in the U.S. energy landscape over the last decade were previously mentioned—dramatic
changes in the pattern of domestic coal, petroleum, and natural gas production; a drastically altered outlook
for energy imports and exports; large increases in electricity generation from wind and sunlight; and an
increased priority on moving rapidly to reduce greenhouse gas (GHG) emissions from the energy sector. All
of these trends have significant implications for the Nation’s TS&D infrastructure. So does another trend that
has been building for decades, which is lack of timely investment in refurbishing, replacing, and modernizing
components of that infrastructure that are simply old or obsolete. These trends are elaborated briefly in the
subsections that follow.
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Aging Infrastructure and Changing Requirements

More than a decade ago, a Department of Energy (DOE) report pronounced the U.S. electricity grid “aging,
ineflicient, congested, and incapable of meeting the future energy needs of the information economy without
significant operational changes and substantial public-private capital investment over the next several
decades” Although significant improvements have been made to the grid since then, the basic conclusion of
the need to modernize the grid remains salient. The Edison Electric Institute estimated in 2008 that by 2030
the U.S. electric utility industry would need to make a total infrastructure investment of $1.5 trillion to $2.0
trillion, of which transmission and distribution are expected to account for about $900.0 billion.?

Modernization of the grid has been made all the more urgent by the increasing and now virtually pervasive
dependence of modern life on a reliable supply of electricity. Without that, navigation; telecommunication;
the financial system; healthcare; emergency response; and the Internet, as well as all that depends on it,
become unreliable. Yet the threats to the grid—ranging from geomagnetic storms that can knock out crucial
transformers; to terrorist attacks on transmission lines and substations; to more flooding, faster sea-level
rise, and increasingly powerful storms from global climate change—have been growing even as society’s
dependence on the grid has increased.

In addition, technology is altering expectations of what the grid should do. Once satisfied with a simple
arrangement where utilities provided services and consumers bought power on fixed plans, individual
consumers and companies increasingly want to control the production and delivery of their electricity, and
enabling technology has become available to allow this. These trends, coupled with flat or declining electricity
demand, could dramatically alter current utility business models, and they are already making it more
important to appropriately value and use distributed generation, smart grid technologies, and storage.

Natural gas and oil TS&D infrastructures likewise face aging and obsolescence concerns. These infrastructures
have not kept pace with changes in the volumes and geography of oil and gas production. The Nation’s ports,
waterways, and rail systems are congested, with the growing demands for handling energy commodities
increasingly in competition with transport needs for food and other non-energy freight. Although
improvements are being made, much of the relevant infrastructure—pipelines, rail systems, ports, and
waterways alike—is long overdue for repairs and modernization.

One compelling example is the infrastructure for moving natural gas. Close to 50 percent of the Nation’s gas
transmission and gathering pipelines were constructed in the 1950s and 1960s—a build-out of the interstate
pipeline network to respond to the thriving post-World War II economy (see Figure SPM-1). Analyses
conducted for the QER suggest that natural gas interstate pipeline investment will range between $2.6 billion
and $3.5 billion per year between 2015 and 2030, depending on the overall level of natural gas demand. The
total cost of replacing cast iron and bare steel pipes in gas distribution systems is estimated to be $270 billion.

Y The American Gas Association reports that the total cost of replacing all cast iron pipe in the United States would be about $83 billion
in 2011 dollars. American Gas Association. “Managing the Reduction of the Nation’s Cast Iron Inventory” 2013. www.aga.org/
managing-reduction-nation %E2 %80 % 99s-cast-iron-inventory. Accessed January 16, 2015. According to Pipeline and Hazardous
Materials Safety Administration data, cast iron pipes represent approximately 30 percent of the total leak-prone pipe in the United
States. Therefore, assuming other pipe replacement has similar costs, the total cost for replacement of all leak-prone pipe is roughly
$270 billion.
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Figure SPM-1. Age by Decade of U.S. Gas Transmission and Gathering Pipelines
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The Nation’s Strategic Petroleum Reserve (SPR) also requires attention. The design of the SPR and the
infrastructure for utilizing it were determined in 1975, when domestic oil production was in decline, oil price

and allocation controls separated the U.S. oil market from the rest of the world, there was no global commodity
market for oil at all, and there were no hedging mechanisms to manage risk. The SPR requires updating in light of
changed circumstances, including significant maintenance and upgrades to enhance its distribution capability.

Chapter 1, Figure 1-1.

Climate Change

Energy TS&D infrastructure has always been shaped not only by the mix of energy supply technologies

and end-use patterns, but also by the characteristics of the environment where the infrastructure must
operate, including, for example, terrain, vegetation, soil and seismic conditions, and climate. It has long been
true, as well, that choices about TS&D infrastructure have had to take into account the need to limit that
infrastructure’s adverse impacts on the environment.

By far the most important environmental factor affecting TS&D infrastructure needs now and going forward
is global climate change. Sea-level rise, thawing permafrost, and increases in weather extremes are already
affecting TS&D infrastructure in many regions. The need to mitigate global climate change by reducing
GHG emissions, moreover, is accelerating changes in the mix of energy supply options and end-use patterns,
and over time, it is likely to become the dominant such influence. Reducing GHG emissions from TS&D
infrastructure, including methane emissions from the transmission and distribution of natural gas, will be
increasingly important in this context.

The key relevant conclusions from climate science—as embodied in the most recent reports of the
Intergovernmental Panel on Climate Change, the National Academy of Sciences (jointly with the Royal Society
of London), and the Third National Climate Assessment of the Global Change Research Program®**—are that
GHGs emitted by civilization’s energy system are the dominant cause of changes in climate being observed
across the globe; that the changes not just in average conditions, but in extremes, are already causing harm to
life, health, property, economies, and ecosystem processes; and that deep reductions in GHG emissions will be
required if an unmanageable degree of global climate change is to be avoided.
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Actions taken in the first term of the Obama Administration in response to the climate change challenge
included major investments in a cleaner, more efficient U.S. energy future in the American Recovery and
Reinvestment Act of 2009 and subsequent Presidential budgets; the promulgation of the first-ever joint fuel
economy/GHG emission standards for light-duty vehicles and new, more stringent energy efficiency standards
for commercial and residential appliances; and the announcement of a U.S. emissions reduction target in the
range of 17 percent below the 2005 level by 2020. These steps were followed in the second term by the President’s
announcement, in June 2013, of a new “Climate Action Plan” with three pillars: reducing U.S. emissions of GHGs,
increasing domestic preparedness for and resilience against the changes in climate that can no longer be avoided,
and engaging internationally to encourage and assist other countries in taking similar steps.®”

Among the actions subsequently taken under the “Climate Action Plan,” those with potential relevance for
the future of TS&D infrastructure include a new Strategy for Reducing Methane Emissions nationwide;
acceleration of permitting for new renewable energy projects on public lands and military installations;
Executive Orders requiring that Federal departments and agencies—including those with responsibilities
relating to TS&D infrastructure—take climate change into account in all of their policies and programs; and
the announcement, in November 2014, of a post-2020 U.S. GHG emissions reduction target of 26 percent to
28 percent below the 2005 level by 2025.

The Administration’s actions under the “Climate Action Plan” put the United States on a path to meet the
Administration’s 2020 and 2025 targets through several means, including the establishment of carbon emission
standards for the power sector that will drive further shifts to low- and zero-carbon fuels, cleaner electricity
generation technologies, and continuing improvements in end-use efficiency. Historic and projected U.S.
emissions under these latest targets are shown in Figure SPM-2. While the Administration’s 2020 and 2025
targets are ambitious, it is clear that continued reduction in GHG emissions will be needed beyond 2025 in the
United States and globally. These reductions will continue to drive significant changes in TS&D infrastructure
in the longer term.
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Figure SPM-2. Historic and Projected U.S. Emissions under Obama Administration Targets
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Chapter 1, Figure 1-8.

Meanwhile, the ongoing impacts of global climate change have already been stressing energy TS&D
infrastructure in a variety of ways. Extreme weather events with high societal costs have been increasing
(see Figure SPM-3), a trend expected to intensify under continuing climate change. This means greater
vulnerabilities for TS&D infrastructure from hurricanes, drought, extreme temperatures, wildfires, more
intense precipitation events, and flooding. Climate change is also driving sea-level rise, which interacts
with storm surge and heavy downpours to intensify coastal flooding, and it has been thawing large areas of
permafrost in the far North, with impacts on pipelines, roads, and other energy-linked infrastructure.
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Figure SPM-3. Billion-Dollar Disaster Event Types by Year
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Chapter 2, Figure 2-2.

Goals for TS&D Infrastructure Policy

This first installment of the QER analyzes how to leverage authorities, expertise, and resources to help
modernize and transform the extensive, interlocking, capital-intensive networks constituting the national
energy TS&D system so as to meet, in a complex jurisdictional environment, the evolving set of requirements
and challenges just described. This report presents a set of findings and recommendations, organized around
the high-level goals of energy security, economic competitiveness, and environmental responsibility, in the
context of a set of analytically derived objectives that reflect an integrated assessment of the adequacy of
existing TS&D infrastructures to meet these goals. These objectives include the following:

« Enhancing TS&D infrastructure resilience, reliability, safety, and asset security

« Modernizing the electric grid

«  Modernizing the segments of TS&D infrastructure essential for collective energy security

o Improving the increasingly stressed TS&D infrastructures that are shared by energy and other goods
and commodities.

These objectives are also informed and affected by an additional set of crosscutting needs and requirements,
namely the following:

« Promoting environmental responsibility in developing, managing, and updating TS&D infrastructure,
including reducing emissions from infrastructure that could contribute to climate change

« Developing and training the workforce needed for a 21st century energy infrastructure

Expediting the siting of critical TS&D infrastructures to meet a range of energy needs and policy objectives

o Enhancing North American energy market integration.
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Modernizing the Nation's TS&D infrastructures will also help enhance U.S. competitiveness in a global economy,
and it will support jobs—approximately 1 million people were employed in energy transmission and distribution

jobs in 2013, or almost 0.75 percent of U.S. civilian jobs; modernization will increase those numbers.

Increasing the Resilience, Reliability, Safety, and Asset Security of
TS&D Infrastructure

Ensuring the resilience, reliability, safety, and security of TS&D infrastructure is a national priority and

vital to American competiveness, jobs, energy security, and a clean energy future. The imperative for TS&D
infrastructure in the United States, going forward, is to maintain the high performance of existing systems; to
continue to accommodate significant growth in domestic energy supplies; and to manage and adapt to new
technologies, threats, and vulnerabilities in cost-effective ways. For example, severe weather is the leading
source of electric grid disturbances in the United States. In fact, between 2003 and 2012, an estimated 679
widespread power outages occurred due to severe weather, costing the U.S. economy $18 billion to $33 billion
each year between 2003 and 2013. This risk is growing; the number of Gulf Coast electricity substations
exposed to inundation caused by storm surge from Category 1 storms is projected to increase from 255
to 337 by 2030 due to sea-level rise (see Figure SPM-4). TS&D infrastructures are becoming increasingly
interconnected and interdependent, so disruptions from climate change, natural disasters, and cyber and
physical incidents can have serious consequences beyond the specific TS&D infrastructure system that is

directly affected.

Figure SPM-4. Gulf Coast Electricity Substation Facilities Exposure under Different Sea-Level Rise Scenarios
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Key Findings

Mitigating energy disruptions is fundamental to infrastructure resilience. Mitigating energy disruptions
is particularly important because other critical infrastructures rely on energy services to operate, and these
interdependencies are growing. Should disruptions occur, it is essential to have comprehensive and tested
emergency response protocols to stabilize the system and begin recovery.

TS&D infrastructure is vulnerable to many natural phenomena. These include hurricanes, earthquakes,
drought, wildfires, flooding, and extreme temperatures. Some extreme weather events have become more
frequent and severe due to climate change, and this trend will continue. Sea-level rise resulting from climate
change, coupled with coastal subsidence in the Mid-Atlantic and Gulf Coast regions, increases risks and
damages to coastal infrastructure caused by storm surge.

Threats and vulnerabilities vary substantially by region. In many cases, a particular natural threat or
infrastructure vulnerability will be region specific (e.g., Gulf Coast hurricanes threatening refineries),
dampening the utility of national, one-size-fits-all solutions for reliability and resilience. Regional solutions are
essential.

Recovery from natural gas and liquid fuel system disruptions can be difficult. Although liquid fuels and
natural gas disruptions are less likely than electricity disruptions, it is relatively more difficult to recover from
disruptions to these systems than electric systems. Recovery from natural gas disruptions is particularly
difficult because of the need to locate and repair underground breakages.

Cyber incidents and physical attacks are growing concerns. Cyber incidents have not yet caused significant
disruptions in any of the three sectors, but the number and sophistication of threats are increasing, and
information technology systems are becoming more integrated with energy infrastructure. There have been
physical attacks; while some physical protection measures are in place throughout TS&D infrastructure
systems, additional low-cost investments at sensitive facilities would greatly enhance resilience.

High-voltage transformers are critical to the grid. They represent one of its most vulnerable components.
Despite expanded efforts by industry and Federal regulators, current programs to address the vulnerability
may not be adequate to address the security and reliability concerns associated with simultaneous failures of
multiple high-voltage transformers.

Assessment tools and frameworks need to be improved. Research has focused more on characterizing
vulnerabilities and identifying mitigation options than on measuring the effects of best practices for response
and recovery. In addition, assessment tools and frameworks tend to characterize the impacts of disruptions on
system performance, but are less able to examine impacts on national or regional consequences like economic
loss or loss of life.

Shifts in the natural gas sector are having mixed effects on resilience, reliability, safety, and asset security.
The addition of onshore shale gas infrastructure benefits natural gas resilience by decreasing the percentage of
infrastructure exposed to storms. The Energy Information Administration (EIA) reports that the Gulf Coast
percentage of natural gas production went from 18 percent in 2005 to 6 percent in 2013. On the other hand,
overall reliance on gas for electricity has gone up, creating a new interdependence and grid vulnerability.
Furthermore, additional export infrastructure resulting from the natural gas boom would increase
vulnerabilities to coastal threats, such as sea-level rise.
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Dependencies and interdependencies are growing. Many components of liquid fuels and natural gas
systems—including pumps, refineries, and about 5 percent of natural gas compressor stations—require
electricity to operate. The interdependency of the electricity and gas systems is growing as more gas is used in
power generation.

Aging, leak-prone natural gas distribution pipelines and associated infrastructures prompt safety
and environmental concerns. Most safety incidents involving natural gas pipelines occur on natural gas
distribution systems. These incidents tend to occur in densely populated areas.

Selected Recent Federal Government Actions

The Federal Government, the states, and the private sector all play crucial roles in ensuring that energy
infrastructures are reliable, resilient, and secure. In 2013, President Obama released Presidential Policy
Directive-21, Critical Infrastructure Security and Resilience, establishing national policy on critical
infrastructure security and resilience and refining and clarifying the critical infrastructure-related functions,
roles, and responsibilities across the Federal Government, as well as enhancing overall coordination and
collaboration. The directive applies to all critical infrastructures, but calls out energy infrastructures as being
uniquely critical due to the enabling functions they provide across all other critical infrastructures. Other
recent Federal Government actions include the following:

o Creating the Build America Investment Initiative. The Administration has created this initiative—
an interagency effort led by the Departments of Treasury and Transportation—to promote increased
investment in U.S. infrastructure, particularly through public-private partnerships.

« Enhancing grid resilience to geomagnetic storms. In June 2014, the Federal Energy Regulatory
Commission adopted a new reliability standard to mitigate the impacts of geomagnetic disturbances
on the grid. In November 2014, the Administration established an interagency Space Weather
Operations, Research, and Mitigation Task Force to develop a National Space Weather Strategy, to
include mitigation of grid vulnerability.

o Improving safety of natural gas transmission pipelines. The Pipeline and Hazardous Materials
Safety Administration of the Department of Transportation (DOT) is currently developing a proposed
rule on integrity management for natural gas pipelines. In addition, the Federal Energy Regulatory
Commission has issued a policy statement that will allow interstate natural gas pipelines to recover
certain expenditures made to modernize pipeline system infrastructure in a manner that enhances
system reliability, safety, and regulatory compliance.

o Developing and operating regional refined petroleum product reserves. DOE created the Northeast
Gasoline Supply Reserve in 2014 and continues to manage the Northeast Home Heating Oil Reserve.

« Enhancing emergency preparedness. The National Petroleum Council, in response to a request from
the Secretary of Energy, recently completed an Emergency Preparedness Study to help industry and
government achieve a more rapid restoration of motor fuel supplies after a natural disaster.
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Recommendations in Brief

To continue to drive progress toward addressing these TS&D infrastructure challenges, we recommend taking
the following additional actions:

Develop comprehensive data, metrics, and an analytical framework for energy infrastructure resilience,
reliability, safety, and asset security. DOE, in collaboration with the Department of Homeland Security and
interested infrastructure stakeholders, should develop common analytical frameworks, tools, metrics, and data
to assess the resilience, reliability, safety, and security of energy infrastructures.

Establish a competitive program to accelerate pipeline replacement and enhance maintenance programs
for natural gas distribution systems. DOE should establish a program to provide financial assistance to
states to incentivize cost-effective improvements in the safety and environmental performance of natural

gas distribution systems through targeted funding to offset incremental costs to low-income households and
funding for enhanced direct inspection and maintenance programs.

Support the updating and expansion of state energy assurance plans. DOE should undertake a multi-year
program of support for state energy assurance plans, focusing on improving the capacity of states and localities
to identify potential energy disruptions, quantify their impacts, share information, and develop and exercise
comprehensive plans that respond to those disruptions and reduce the threat of future disruptions.

Establish a competitive grant program to promote innovative solutions to enhance energy infrastructure
resilience, reliability, and security. DOE should establish a program to provide competitively awarded grants
to states to demonstrate innovative approaches to TS&D infrastructure hardening and enhancing resilience
and reliability. A major focus of the program would be the demonstration of new approaches to enhance
regional grid resilience, implemented through the states by public and publicly regulated entities on a cost-
shared basis.

Analyze the policies, technical specifications, and logistical and program structures needed to mitigate
the risks associated with loss of transformers. As part of the Administration’s ongoing efforts to develop a
formal national strategy for strengthening the security and resilience of the entire electric grid for threats and
hazards (planned for release in 2015), DOE should coordinate with the Department of Homeland Security
and other Federal agencies, states, and industry on an initiative to mitigate the risks associated with the loss of
transformers. Approaches for mitigating this risk should include the development of one or more transformer
reserves through a staged process.

Analyze the need for additional or expanded regional product reserves. DOE should undertake updated
cost-benefit analyses for all of the regions of the United States that have been identified as vulnerable to

tuel supply disruptions to inform subsequent decisions on the possible need for additional regional product
reserves.

Integrate the authorities of the President to release products from regional petroleum product reserves
into a single, unified authority. Congress should amend the trigger for the release of fuel from the Northeast
Home Heating Oil Reserve and from the Northeast Gasoline Supply Reserve so that they are aligned and
properly suited to the purpose of a product reserve, as opposed to a crude oil reserve.
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Modernizing the Electric Grid

Electricity is central to the well-being of the Nation. The United States has one of the world’s most reliable,
affordable, and increasingly clean electric systems, but the U.S. electric system is currently at a strategic
inflection point—a time of significant change for a system that had had relatively stable rules of the road for
nearly a century. The U.S. electricity sector is being challenged by a variety of new forces, including a changing
generation mix; low load growth; increasing vulnerability to severe weather because of climate change; and
growing interactions at the Federal, state, and local levels. Innovative technologies and services are being
introduced to the system at an unprecedented rate—often increasing efficiency, improving reliability, and
empowering customers, but also injecting uncertainty into grid operations, traditional regulatory structures,
and utility business models. Modernizing the grid will require that these challenges be addressed.

Key Findings

Investments in transmission and distribution upgrades and expansions will grow. It is anticipated
that in the next two decades, large transmission and distribution investments will be made to replace
aging infrastructure; maintain reliability; enable market efficiencies; and aid in meeting policy objectives,
such as GHG reduction and state renewable energy goals. Recent increases in investment in transmission
infrastructure by investor-owned utilities are shown in Figure SPM-5.

Figure SPM-5. Investment in Transmission Infrastructure by Investor-Owned Utilities, 1997-2012
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Chapter 3, Figure 3-3.

Both long-distance transmission and distributed energy resources can enable lower-carbon electricity. The
transmission network can enable connection to high-quality renewables and other lower-carbon resources far
from load centers; distributed energy resources can provide local low-carbon power and efficiency.
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The potential range of new transmission construction is within historic investment magnitudes. Under
nearly all scenarios analyzed for the QER, circuit-miles of transmission added through 2030 are roughly equal
to those needed under the base case, and while those base case transmission needs are significant, they do not
appear to exceed historical yearly build rates.

Flexible grid system operations and demand response can enable renewables and reduce the need for new
bulk-power-level infrastructure. End-use efficiency, demand response, storage, and distributed generation can
reduce the expected costs of new transmission investment.

Investments in resilience have multiple benefits. Investments in energy efficiency, smart grid technologies,
storage, and distributed generation can contribute to enhanced resiliency and reduced pollution, as well as
provide operational flexibility for grid operators.

Innovative technologies have significant value for the electricity system. New technologies and data
applications are enabling new services and customer choices. These hold the promise of improving consumer
experience, promoting innovation, and increasing revenues beyond the sale of electric kilowatt-hours.

Enhancing the communication to customer devices that control demand or generate power will improve
the efficiency and reliability of the electric grid. For example, open interoperability standards for customer
devices and modified standards for inverters will improve the operation of the grid.

Appropriate valuation of new services and technologies and energy efficiency can provide options for
the utility business model. Accurate characterization and valuation of services provided to the grid by
new technologies can contribute to clearer price signals to consumers and infrastructure owners, ensuring
affordability, sustainability, and reliability in a rapidly evolving electricity system.

Consistent measurement and evaluation of energy efficiency is essential for enhancing resilience

and avoiding new transmission and distribution infrastructure. Efficiency programs have achieved
significant energy savings, but using standard evaluation, measurement, and verification standards, like those
recommended by DOE’s Uniform Methods Project, is key to ensuring that all the benefits of efficiency are
realized, including avoiding the expense of building new infrastructure.

States are the test beds for the evolution of the grid of the future. Innovative policies at the state level that
reflect differences in resource mix and priorities can inform Federal approaches.

Different business models and utility structures rule out “one-size-fits-all” solutions to challenges.
A range of entities finance, plan, and operate the grid. Policies to provide consumers with affordable and reliable
electricity must take into account the variety of business models for investing, owning, and operating grid infrastructure.

Growing jurisdictional overlap impedes development of the grid of the future. Federal and state
jurisdiction over electric services are increasingly interacting and overlapping.

Selected Recent Federal Government Actions

In addition to resilience-related activities aimed at the electric grid (e.g., large power transformer) discussed
in the Chapter II (Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure), the
Administration has undertaken the following activities aimed at creating the electric grid of the future:

o Promoting grid modernization. DOE has made a comprehensive grid modernization proposal in the
President’s Fiscal Year (FY) 2016 Budget request. The crosscutting proposal supports strategic DOE
investments in foundational technology development, enhanced security capabilities, and greater
institutional support and stakeholder engagement, all of which are designed to provide the tools
necessary for the evolution to the grid of the future. Specific elements include the following:
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O A new State Energy Reliability and Assurance Grants program for grants to states, localities, regions,
and tribal entities for electricity TS&D reliability planning.

O A program directed at research and development (R&D) on transformer protection from
geomagnetic fields.

O Increases directed at improved controls, sensors, power electronics, and connection to energy storage.

O Increases in the Smart Grid program to develop next-generation distribution management system
and controls to accommodate new end-use technologies and develop microgrid systems.

O Increases in R&D to improve building control system interoperability with new grid control systems
and improve building internal controls to adapt to efficient and improved grid connectivity.

O Increases to link plug-in electric vehicle systems to building and grid systems.

Recommendations in Brief

The Administration and Congress should support or incentivize investment in electricity infrastructure reliability,
resilience, and affordability through the development of tools, methods, and new funding for planning and
operating the grid of the future. Accordingly, we recommend the following:

Provide grid modernization R&D, analysis, and institutional support. DOE should continue to pursue a
multi-year, collaborative, and cost-shared research and development, analysis, and technical assistance program
for technology innovation that supports grid operations, security, and management; and for analyses, workshops,
and dialogues to highlight key opportunities and challenges for new technology to transform the grid.

Establish a framework and strategy for storage and grid flexibility. DOE should conduct regional and state
analyses of storage deployment to produce a common framework for the evaluation of benefits of storage and
grid flexibility, and a strategy for enabling grid flexibility and storage that can be understood and implemented by
a wide range of stakeholders.

Conduct a national review of transmission plans and assess barriers to their implementation. DOE should
carry out a detailed and comprehensive national review of transmission plans, including assessments on the types
of transmission projects proposed and implemented, current and future costs, consideration of interregional
coordination, and other factors. A critical part of this review should be to assess incentives and impediments to
the development of new transmission.

Provide state financial assistance to promote and integrate TS&D infrastructure investment plans for
electricity reliability, affordability, efficiency, lower carbon generation, and environmental protection. In
making awards under this program, DOE should require cooperation within the planning process of energy
offices, public utility commissions, and environmental regulators within each state; with their counterparts in
other states; and with infrastructure owners and operators and other entities responsible for maintaining the
reliability of the bulk power system.

Coordinate goals across jurisdictions. DOE should play a convening role to bring together public utility
commissioners, legislators, and other stakeholders at the Federal, state, and tribal levels to explore approaches to
integrate markets, while respecting jurisdictional lines, but allowing for the coordination of goals across those lines.

Value new services and technologies. DOE should play a role in developing frameworks to value grid services
and approaches to incorporate value into grid operations and planning. It should convene stakeholders to

define the characteristics of a reliable, affordable, and environmentally sustainable electricity system and

create approaches for developing pricing mechanisms for those characteristics. The goal should be to develop
frameworks that could be used by the Federal Energy Regulatory Commission, state public utility commissions
in ratemaking proceedings, Regional Transmission Organizations in their market rule development, or utilities in
the operation and planning of their systems.
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Improve grid communication through standards and interoperability. In conjunction with the National Institute of
Standards and Technology and other Federal agencies, DOE should work with industry, the Institute of Electrical and
Electronics Engineers, state officials, and other interested parties to identify additional efforts the Federal Government
can take to better promote open standards that enhance connectivity and interoperability on the electric grid.

Establish uniform methods for monitoring and verifying energy efficiency. Through its Uniform Methods
Project, DOE should accelerate the development of uniform methods for measuring energy savings and promote
widespread adoption of these methods in public and private efficiency programs.

Modernizing U.S. Energy Security Infrastructures in a Changing
Global Marketplace

Until recently, the concept of energy security has focused on “oil security” as a proxy for “energy security.” It is
clear, however, that energy security needs to be more broadly defined to cover not only oil, but other sources of
supply, and to be based not only on the ability to withstand shocks, but also to be able to recover quickly from
any shocks that do occur. In addition, security is not exclusively domestic; it is dependent on interactions in
the interconnected global energy market. U.S. energy security and the infrastructure that supports it should be
viewed in the context of this new, broader, more collective definition of energy security.

Key Findings

Multiple factors affect U.S. energy security. These include U.S. oil demand; the level of oil imports; the
adequacy of emergency response systems; fuel inventory levels; fuel substitution capacity; energy system
resilience; and the flexibility, transparency, and competitiveness of global energy markets.

The United States has achieved unprecedented oil and gas production growth. Oil production growth has
enabled the United States to act as a stabilizing factor in the world market by offsetting large sustained supply
outages in the Middle East and North Africa and, later, contributing to a supply surplus that has reduced oil
prices to levels not seen since March 2009. The natural gas outlook has also changed tremendously. Just 10 years
ago, it was projected that the United States would become highly dependent on liquefied natural gas imports,
whereas the current outlook projects that the United States will have enormous capacity and reserves and
could become a major liquefied natural gas exporter.

The United States is the world’s largest producer of petroleum and natural gas. Combined with new clean
energy technologies and improved fuel efficiency, U.S. energy security is stronger than it has been for over half
a century. Nonetheless, challenges remain in maximizing the energy security benefits of our resources in ways
that enhance our competitiveness and minimize the environmental impacts of their use.

The network of oil distribution (“the midstream”) has changed significantly. Product that had historically
flowed through pipelines from south to north now moves from north to south, and multiple midstream modes
(pipelines, rail, and barges) are moving oil from new producing regions to refineries throughout the United
States.

The SPR’s ability to offset future energy supply disruptions has been adversely affected by domestic and
global oil market developments coupled with the need for upgrades. Changes in the U.S. midstream (for
example, competing commercial demands and pipeline reversals) and lower U.S. dependence on imported
oil have created challenges to effectively distributing oil from the reserve. This diminishes the capacity of the
SPR to protect the U.S. economy from severe economic harm in the event of a global supply emergency and
associated oil price spike.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015 S-17



Summary: The First Installment of the Quadrennial Energy Review

Increasing domestic oil production has focused attention on U.S. oil export laws established in the
aftermath of the 1973-1974 Arab Oil Embargo. There are now concerns that the U.S. oil slate may be too
light for U.S. refineries; although, recent Department of Commerce clarifications that liquid hydrocarbons,
after they have been processed through a crude oil distillation tower, are petroleum products, and therefore
eligible for export, will help avoid adverse production impacts.

An extensive network of pipelines, electric transmission lines, roads, rail, inland waterways, and ports
link the United States with Mexico and Canada. These systems provide not only economic value to all three
nations, but also enhance continental energy security and improve system reliability.

Biofuel production in the United States has increased rapidly over the last decade, enhancing energy
security and reducing emissions of GHGs from transportation. This growth has been driven in part by the
Renewable Fuel Standard. Ethanol now displaces approximately 10 percent of U.S. gasoline demand by volume;
biodiesel, advanced, and cellulosic biofuel production volumes have also been growing. Continued growth in
ethanol use will depend in part on investment in additional distribution capacity; growth in the use of other
biofuels, such as “drop-in” fuels, will depend on continued investment in research, development, demonstration,
and deployment.

Selected Recent Federal Government Actions

o Testing the capabilities of the SPR. In March 2014, DOE conducted a test sale to demonstrate the
drawdown and distribution capacity of the SPR. This test sale highlighted changes in the distribution
infrastructure in the Gulf Coast region.

o Addressing SPR deferred maintenance backlogs. The President’s FY 2016 Budget Request provided
$257 million for the development, operation, and management of the SPR, including funding to
address the backlog of deferred maintenance on the SPR.

o Addressing changes in propane TS&D infrastructure. DOE has responded to changes in TS&D
infrastructure for propane and other natural gas liquid by adding capability at the EIA to monitor
propane inventories on a more granular, state-by-state basis.

Recommendations in Brief

Update SPR release authorities to reflect modern oil markets. Congress should update SPR release
authorities to allow the SPR to be used more effectively to prevent serious economic harm to the United States
in case of energy supply emergencies.

Invest to optimize the SPR’s emergency response capability. DOE should analyze appropriate SPR size

and configuration, and, after carrying out detailed engineering studies, DOE should make infrastructure
investments to the SPR and its distribution systems to optimize the SPR’s ability to protect the U.S. economy in
an energy supply emergency.

Support other U.S. actions related to the SPR and energy security infrastructures that reflect a broader
and more contemporary view of energy security. The United States should continue to consult with allies and
key energy trading partners on energy security issues, building on the G-7 principles on energy security.

Support fuels diversity through research, demonstration, and analysis. DOE and the Department of
Defense should continue research and demonstration activities to develop biofuels that are compatible with
existing petroleum fuel infrastructure, especially in aviation and for large vehicles. DOE should provide
technical support to states, communities, or private entities wishing to invest in infrastructure to dispense
higher-level ethanol blends. DOE should ensure adequate support for data collection and analysis on fuels, like
propane, that play an important role in the Nation’s diverse energy mix and are challenged by changing TS&D
infrastructures.
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Undertake a study of the relationship between domestic shipping and energy security. The relevant agencies
should conduct a study of the economic, engineering, logistics, workforce, construction, and regulatory

factors affecting the domestic shipping industry’s ability to support U.S. energy security. The Secretary of
Transportation should ensure that the National Maritime Strategy includes a consideration of the energy
security aspects of maritime policy in its discussion and recommendations.

Improving Shared Transport Infrastructures

Changes in U.S. energy production and use are stressing and transforming the way that energy and other
commodities are transported in the United States. Some energy commodities, such as coal and ethanol, have
traditionally relied on rail and barge transport to move from suppliers to distribution points and end users.
Their use of transportation modes (e.g., rail, barge, and truck transport) that are also shared by agricultural and
other major commodities is being joined by significant growth in the use of these transport modes by crude
oil, refined petroleum products, and petrochemicals. Increasingly, the shipment of oil from the wellhead to a
refinery may employ a combination of trucks, pipelines, railcars, barges, and other marine vessels—giving oil
transportation in the United States an increasingly multi-modal character. Since these transportation modes
have been, and continue to be, used for transporting other commodities, they are considered in the QER to be
“shared transport infrastructures” for energy commodities. The increased utilization of rail, barge, and truck for
oil transport, as well as for other energy supplies and materials, exacerbates underlying issues in these shared
transport infrastructures and underscores the need for an expanded infrastructure investment as proposed by
the Administration.

Key Findings

Rapid crude oil production increases have changed the patterns of flow of North American midstream
(pipelines, rail, and barge) liquids transport infrastructure. Pipelines that previously delivered crude oil from
the Gulf of Mexico to Midcontinent refineries have now changed direction to deliver domestic and Canadian oil
to the Gulf of Mexico. In addition, oil produced in North Dakota is now being shipped to refineries on the East
and West Coasts of the United States. As a result, modes of transport other than pipelines are being employed to
move crude oil, including a significant increase in crude oil unit trains and barge shipments.

Limited infrastructure capacities are intensifying competition among commodities, with some costs
passed on to consumers. Until new additional capacity becomes available, the competition among commodity
groups for existing capacity will intensify. The proximity of Bakken crude oil movements and Powder River
Basin coal movements, along with agricultural shipments in the region, affect Midwest power plants and

the food industry. Typically, rail and barge service are the most cost-effective shipping methods available

for moving grain and other relatively low-value, bulk agricultural commodities, and the Department of
Agriculture has indicated that disruptions to agricultural shipments caused by recent unexpected shifts in
supply and demand for rail services exceed even those caused by Hurricane Katrina.

Rail, barge, and truck transportation are crucial for ethanol shipment. Ethanol production in the United
States has increased over the last few decades. Ethanol is typically shipped from production plants by rail and
then delivered by truck (or directly by rail or barge) to petroleum product terminals. Ethanol is likely to rely on
shared infrastructure for its transport for the foreseeable future.

The ability to maintain adequate coal stockpiles at some electric power plants has been affected by rail
congestion. The Surface Transportation Board (STB) recently acted to require weekly reports of planned
versus actual loadings of coal trains.
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Funding for the U.S. freight transportation system is complex and involves a combination of Federal, state,
local, and private investments. Railroad infrastructure is primarily owned and maintained by the private sector.
The marine transportation infrastructure involves a mix of Federal, state, local, and private investments, and
roadways are owned and maintained by a range of Federal, state, local, and—in some cases—even private entities.

Navigable waterways are essential for the movement of energy commodities, equipment, and materials,
especially petroleum and refined petroleum products. Investments in construction, rehabilitation, and
maintenance of this infrastructure must be balanced against other investments, including other water resource
investments, such as flood and coastal storm damage reduction projects and aquatic ecosystem restoration.

Increased transportation of crude oil by rail and barge has highlighted the need for additional safeguards.
For rail transport, in particular, the Federal Government has a number of efforts underway, including a
rulemaking on improving the safety of rail transport of crude oil, including more robust tank car standards
and operational requirements, to address these concerns.

Multi-modal shared transportation infrastructure is stressed by increased shipments of energy supplies,
materials, and components. Wind turbine blades, for example, have more than tripled in length since the
1980s. Transporting components of this size (and others of significant weight and size, such as large power
transformers) creates a range of challenges, including stress on roads, many of which are rural; the need to
coordinate movement through ports, tunnels, overpasses, and turning areas; and additional permitting and
police escort requirements.

Selected Recent Federal Government Actions

The stresses on shared transport infrastructures as a result of changes in energy production have resulted in a
series of responses and initiatives across the Administration, including both regulatory initiatives on the part
of responsible agencies for specific infrastructures and broader initiatives to provide new resources to help the
modernization of these shared infrastructures. These include the following:

o Addressing congestion and service for rail transport of commodities. In light of the problems of
rail congestion affecting shipments of key commodities, STB, an independent regulatory body in DOT,
has taken a number of actions. Starting in October 2014, STB has required all major (Class I) railroads
to publicly file weekly data reports regarding service performance of unit trains carrying coal, crude
oil, ethanol, and grain. In December 2014, STB initiated a formal notice and comment rulemaking
proceeding for weekly performance data reporting by the Class I railroads and also the freight railroads
serving the Chicago gateway. STB has two ongoing proceedings on rail business practices aimed at
helping shippers to have competitive access to railroads and be protected against unreasonable freight rail
transportation rates.

o Improving safe shipment of crude oil by rail. DOT and other Federal agencies have been taking action
to respond to heightened awareness and concern over rail shipments of crude oil from the Bakken and
ethanol. DOT issued a proposed rule in August 2014 containing comprehensive proposed standards
to improve the rail transportation safety of flammable liquids, including unit trains of crude oil and
ethanol. A final rule is anticipated to be issued in May 2015. DOE, in cooperation with the Pipeline and
Hazardous Materials Safety Administration, is supporting studies on the properties (including behavior
in fires) of crude oil. The Federal Emergency Management Agency has assessed training needs and
requirements in 28 states with oil rail routes identified by DOT. The interagency National Response Team
Training Subcommittee launched Emerging Risks Responder Awareness Training for Bakken Crude Oil
to help responders better prepare for these incidents.
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o Doubling the size of the Inland Waterways Trust Fund. This fund currently pays 50 percent of
the Federal cost for construction, replacement, rehabilitation, and expansion costs for inland and
intracoastal waterways. In December 2014, Congress authorized an increase in the fuel tax supporting
this fund from the current $0.20 per gallon to $0.29 per gallon, which took effect April 1, 2015.
In addition, the President’s Fiscal Year 2016 Budget proposes a new per-vessel user fee that will raise
$1.1 billion over the next 10 years, effectively doubling the level of resources available in the Fund.

« Helping ports through the DOT Maritime Administration StrongPorts initiative. This program is
developing tools and initiatives helpful to port authorities that are pursuing modernization projects,
including those interested in public-private partnerships. While the StrongPorts initiative does
not provide direct financial assistance, the recently released guide provides an additional resource
regarding financing for ports.

o Creating a multi-modal freight grant program through the GROW AMERICA Act. The
Administration has proposed the GROW AMERICA Act, which includes $18 billion over 6 years to
establish a new multi-modal freight grant program to fund innovative rail, highway, and port facilities
that will improve the efficient movement of goods across the country. The Generating Renewable,
Opportunity, and Work with Accelerated Mobility, Efficiency, and Rebuilding of Infrastructure
and Communities throughout America Act (GROW AMERICA Act) also will give shippers and
transportation providers a stronger role in working with states to collaborate and establish long-term
freight strategic plans.

o Expanding funding for the DOT TIGER grant program. The Transportation Investment Generating
Economic Recovery (TIGER) program is a competitive grant program that funds state and local
transportation projects across the United States. The Administration's GROW AMERICA Act proposal
will provide $7.5 billion over 6 years to the TIGER grant program, more than doubling it.

Recommendations in Brief

Enhance the understanding of important safety-related challenges of transport of crude oil and ethanol
by rail and accelerate responses. Key activities at DOE and DOT should be strongly supported.

Further analyze the effects of rail congestion on the flow of other energy commodities, such as ethanol
and coal. DOE, STB, and the Federal Energy Regulatory Commission should continue to develop their
understanding of how rail congestion may affect the delivery of these energy commodities.

Analyze the grid impacts of delayed or incomplete coal deliveries. In assessing these issues, the Federal
Energy Regulatory Commission and DOE should examine whether a minimum coal stockpile for electricity
reliability should be established for each coal-fired unit.

Address critical energy data gaps in the rail transport of energy commodities and supplies. Congress
should fund the President’s FY 2016 Budget Request for the EIA to address critical energy transportation data
gaps and continued data sharing with the STB.

Support alternative funding mechanisms for waterborne freight infrastructure. The Administration should
form an ongoing Federal interagency working group to examine alternative financing arrangements for
waterborne transportation infrastructure and to develop strategies for public-private partnerships to finance
port and waterway infrastructure.

Support a new program of competitively awarded grants for shared energy transport systems. A new
grant program—Actions to Support Shared Energy Transport Systems, or ASSETS—should be established and
supported at DOT, in close cooperation with DOE. This program should be dedicated to improving energy
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transportation infrastructure connectors. A Federal investment in ASSETS would likely mobilize additional
and significant non-Federal investment, based on typical TIGER cost shares.

Support public-private partnerships for waterborne transport infrastructure. Developing a set of shared
priorities for investment ensures that public and private sector needs are met.

Coordinate data collection, modeling, and analysis. DOE should lead an interagency effort with DOT,

the Department of Agriculture, the Army Corps of Engineers, and the Coast Guard—in cooperation with
other relevant agencies with data regarding marine, rail, and other energy transport modes—to improve and
coordinate their respective data collection, analytical, and modeling capabilities for energy transport on shared
infrastructures.

Assess the impacts of multi-modal energy transport. DOE, working with DOT and the Army Corps of
Engineers, should conduct a one-time comprehensive needs assessment of investment needs and opportunities
to upgrade the Nation’s energy-related shared water transport infrastructure.

Assess energy component transportation. DOE, in coordination with relevant agencies, should examine
routes for transportation of energy system-related equipment, materials, and oversized components. The
assessment would include the capacity of the Nation’s transportation infrastructure systems to safely
accommodate more frequent and larger shipments where analyses indicate such transport will be required.

Integrating North American Energy Markets

The United States, Canada, and Mexico, as well as other North American neighbors, benefit from a vast
and diverse energy TS&D network that has enabled the region to achieve economic, energy security, and
environmental goals. Continued integration of the North American energy markets will increase those
benefits and address structural changes and constraints that have arisen since new production, processing,
consumption, and policies have taken effect.

Energy system integration is in the long-term interest of the United States, Canada, and Mexico, as it expands
the size of energy markets, creates economies of scale to attract private investment, lowers capital costs, and
reduces energy costs for consumers. There is already a robust energy trade between the United States and
Canada (more than $140 billion in 2013) and the United States and Mexico (more than $65 billion in 2012).

The scope and magnitude of the existing and ongoing energy integration among the United States, Canada,
and Mexico goes far beyond any one particular infrastructure or project, and continuing to foster this
integration is an enduring interest on the part of each country. While a smaller market, there are also needs and
opportunities for greater energy trade and integration with individual nations and islands in the Caribbean.

The North American Arctic region, including Alaska and U.S. territorial waters in the Bering, Chukchi, and
Beaufort Seas, as well as Canada and its territorial waters, is experiencing rapid changes on land and at sea
due to the changing climate. These changes have important implications for TS&D infrastructure in this
region. Warming in the North American Arctic is resulting in increased risk of land subsidence from thawing
permafrost, which threatens TS&D infrastructure. It also leads to a reduction in late-summer sea ice extent,
which will affect offshore energy and mineral exploration and extraction in U.S. and Canadian waters.
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Key Findings

The United States has significant energy trade with Canada and Mexico, including oil and refined
products, gas, and electricity. Canada is the largest energy trading partner of the United States, with energy
trade valued at $140 billion in 2013. Mexican energy trade was valued at $65 billion in 2012. Both countries are
reliable sources of secure energy supplies.

Greater coordination will improve energy system efficiency and build resiliency to disruptions of the
North American energy market, data exchanges, and regulatory harmonization.

The electricity systems of the United States and Canada are fully interconnected. There are currently more
than 30 active major transmission connections between the United States and Canada, trading approximately
$3 billion worth of electricity in 2014. If the transmission projects filed with DOE in the last 5 years are
constructed, they would add approximately 4,100 megawatts of additional hydropower to the U.S. electricity mix.

Canadian natural gas production is expected to slightly outpace consumption with exports rising slowly
over the projection period. Oil production is anticipated to continue to grow over the next 30 years.

Mexico has reformed its energy sector. Mexico amended its constitution and reformed its energy sector
in 2013, retaining government control over its assets while opening oil and gas resources to private sector
exploration and development. These reforms provide an opportunity for increased trade with the United States.

Increasing U.S. natural gas exports may help Mexico generate more gas-fired electricity and achieve its
environmental goals.

Changing climate conditions in the Arctic are expected to continue with the melting of permafrost and
reduced sea ice extent, which will affect increasing energy development that is underway. This presents
both an opportunity for greater cooperation between the United States and Canada, but also a need for both
countries to undertake risk mitigation.

There is an opportunity to lower Caribbean electricity costs and emissions. The Caribbean is largely reliant
on foreign sources of oil with little energy resources of its own. Energy demand is driven largely by electricity
generation, mostly from fuel oil. A 30 percent decrease in carbon dioxide (CO,) emissions could be achieved
by displacement of fuel oil by natural gas—and even more if this were combined with renewable energy.

Selected Recent Federal Government Actions

Recognizing the importance of North American energy, the Administration has been undertaking a number of
activities to promote market integration and to address the challenges we share in the North American Arctic
region, including the following:

« Improving data exchange. The United States, Canada, and Mexico are creating a framework for the
sharing of publicly available information and data on their respective energy systems. This initiative
was formalized in a memorandum of understanding (MOU) signed by DOE, Canada’s Ministry of
Natural Resources, and Mexicos Ministry of Energy on December 15, 2014. The President’s FY 2016
Budget Request provides an increase of $1 million to the EIA for the purpose of carrying out this
collaboration.

o Leading the Arctic Council. In April 2015, the United States assumed the chairmanship of the Arctic
Council for a 2-year period. This will provide the United States with the opportunity to implement
increased international collaboration in such areas as addressing the impact of climate change and
Arctic Ocean stewardship and scientific research. In addition to this leadership role in Arctic policy,
there is an opportunity for increased and enduring cooperation between the United States and Canada
on issues such as Arctic energy infrastructure and climate and ocean science as an important future
dimension to the U.S.-Canadian energy relationship.
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« Partnering with remote communities to develop renewable energy. DOE’s National Renewable
Energy Laboratory, in partnership with the Department of the Interior, has developed the Remote
Communities Renewable Energy partnership to develop, demonstrate, and deploy smaller-scale
technologies for remote communities, such as in the Arctic, to utilize local renewable energy resources,
reduce diesel fuel dependence and distribution requirements, and create an independent microgrid
operation.

o Pursuing a Caribbean Energy Security Initiative. In 2014, Vice President Biden announced the
Caribbean Energy Security Initiative, which recognizes the diversity of Caribbean nation economies,
natural resources, and energy constraints. Led by the State Department, in coordination with the U.S.
Opverseas Private Investment Corporation, DOE, and other agencies, the initiative seeks to improve
energy sector governance, to increase access to affordable finance, and to improve communication and
coordination among regional governments and their development partners.

Recommendations in Brief

Continue advances that have been made in the North American energy dialogue. All three countries should
encourage further business exchanges and regular minister-level engagement.

Increase the integration of energy data among the United States, Canada, and Mexico. Provide resources
for the EIA to collaborate with its Canadian and Mexican counterparts to systematically compare their
respective export and import data, validate data, and improve data quality. In addition, efforts should be taken
to better share geographic information system data to develop energy system maps and review forward-
looking assessments and projections of energy resources, flows, and demand.

Undertake comparative and joint energy system modeling, planning, and forecasting. Enhance comparative
and joint modeling, planning, and forecasting activities among U.S., Canadian, and Mexican energy ministries
and related governmental agencies. The current scale of activities has aided bilateral and individual goals;
however, increasing trilateral engagement on planning, modeling, or forecasting activities would capture
greater efficiencies and enhance each country’s ability to reach economic, security, and environmental

goals. DOE’s Offices of Energy Policy and Systems Analysis and International Affairs would lead modeling
workshops with their Canadian and Mexican counterparts to share methodologies and collaborate on North
American analysis.

Establish programs for academic institutions and not-for-profits to develop legal, regulatory, and policy
roadmaps for harmonizing regulations across borders. In partnership with universities, qualified not-for-
profits, and relevant U.S. energy regulatory authorities, state/provincial, local, and national energy regulations
will be compared to identify gaps, best practices, and inconsistencies with regulations in Canada and/or
Mexico with the goal of harmonization.

Coordinate training and encourage professional interactions. This should involve the technical staff in
government agencies of the three North American countries that share similar responsibilities to evaluate and
implement cross-border energy projects.

Partner with Canada and the Arctic Council on Arctic energy safety, reliability, and environmental
protection. Joint work should emphasize research and information sharing on the effects of spills and the
effectiveness of countermeasures, the identification and mobilization of the resources necessary to mitigate the
effects of a pollution incident, and the development of international guidelines for preparedness and response
in this logistically challenging region.

Partner with Canada and the Arctic Council on energy delivery to remote areas. This should be done
through promoting and disseminating the work of the Remote Community Renewable Energy partnership.
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Promote Caribbean energy TS&D infrastructure. As part of a larger Caribbean strategy, the United States
should support the diversification of energy supplies, including actions to facilitate the introduction of cleaner
forms of energy and development of resilient energy TS&D infrastructure in the Caribbean.

Addressing Environmental Aspects of TS&D Infrastructure

Energy TS&D infrastructure affects the environment in a variety of ways. While it is important to address

the direct environmental impacts and vulnerabilities of TS&D infrastructure, this infrastructure also has
enormous potential to enable better environmental performance for the energy system more broadly. Key
examples include CO, pipeline infrastructure to enable carbon sequestration, smart grid technologies to enable
energy efficiency, and long-distance transmission to enable utilization of remote renewable resources. Energy
efficiency also reduces the need for new infrastructure with all of its attendant challenges.

Understanding the potential positive and negative effects of TS&D infrastructure, then, on the achievement

of overall environmental goals—including climate mitigation—is key to siting, constructing, operating, and
maintaining TS&D infrastructure in an environmentally responsible manner. Many QER recommendations in
other chapters touch on actions that will enhance the ability of the United States to achieve its environmental
goals. This chapter focuses on those that relate specifically to the environmental impacts posed by TS&D
infrastructure itself.

Key Findings

TS&D infrastructure can serve as a key enabler for—or barrier to—better environmental outcomes.
Certain types of TS&D infrastructure enable improvements in system-wide environmental performance at
lower cost, such as electric transmission and distribution infrastructure to access renewable energy resources
and interstate natural gas pipelines which can facilitate CO, emission reductions from the electric power
sector.

TS&D infrastructure contributes a relatively small share of total air and water pollution from the energy
sector. TS&D infrastructure covered by this installment of the QER contributes to nearly 10 percent of

U.S. GHG emissions. Many of the environmental issues related to TS&D infrastructure are subject to rules
established by existing statute and regulation.

Energy infrastructure can have direct, indirect, and cumulative land-use and ecological impacts. The
nature and magnitude of those impacts depend on a number of factors, including whether construction of a
facility will affect endangered species or sensitive ecological areas, or cause land-use impacts such as top-soil
erosion or habitat fragmentation.

Energy transport, refining, and processing infrastructure contribute to emissions of criteria air pollutants
that pose risks to public health and the environment. Ports and rail yards with high densities of vehicles

and congestion often have high concentrations of pollutants and increase risks to nearby urban communities.
Reducing emissions of particulate matter from aircraft, locomotives, and marine vessels would have public
health benefits. Low-income and minority households are two to three times more likely to be affected by
freight-based diesel particulate pollution than the overall U.S. population.

Transportation of crude oil by pipeline, rail, and waterborne vessels has safety and environmental
impacts. The Federal Government has a number of efforts underway to mitigate these impacts, including a
rulemaking on rail transport of crude oil.
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The United States currently has a network of more than 4,500 miles of CO, transportation pipelines that
can be a critical component of a low-carbon future. The pipelines mostly transport naturally occurring
CO,, but new projects are increasingly linking captured CO, from electric power plants and other industrial
sources to a productive use in oil fields (through CO, enhanced oil recovery) and safe storage in deep saline
formations.

Selected Recent Federal Government Actions

In addition to the efforts to improve natural gas pipeline safety discussed under Chapter II (Increasing the
Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure), which will have environmental
benefits, the Administration is undertaking a number of other initiatives to reduce methane emissions and
address environmental effects of TS&D infrastructure. They include the following:

Setting a national goal to reduce methane emissions. Building on the 2014 interagency Strategy
to Reduce Methane Emissions, in January 2015, the President announced a national goal to reduce
methane emissions from the oil and gas sector by 40 percent to 45 percent from 2012 levels by 2025.

Establishing standards for methane emissions from new and modified sources. The Environmental
Protection Agency (EPA) has initiated a rulemaking to set standards for methane and volatile

organic compound emissions from new and modified oil and gas production sources and natural gas
processing and transmission sources. EPA will issue a proposed rule in the summer of 2015, and a final
rule will follow in 2016.

Modernizing natural gas transmission and distribution infrastructure. Following on its methane
roundtables, DOE is taking steps to encourage reduced GHG emissions, including the following:

Issuing energy efficiency standards for natural gas and air compressors
Funding was proposed in the FY 2016 Budget to advance R&D to bring down the cost of detecting
leaks and to improve estimates of methane emissions from midstream natural gas infrastructure for
incorporation into EPAs Greenhouse Gas Inventory

o0 Implementing an Advanced Natural Gas System Manufacturing Research and Development
Initiative

o Partnering with the National Association of Regulatory Utility Commissioners to help modernize
natural gas distribution infrastructure

o Issuing an Advanced Fossil Energy Projects Solicitation inviting applicants to apply for developing a
clearinghouse of information on effective technologies, policies, and strategies.

Working cooperatively with industry to reduce methane emissions. EPA is working to expand

on its successful Natural Gas STAR Program by launching a new partnership in collaboration with
key stakeholders later in 2015. EPA will work with DOE, DOT, and leading companies—individually
and through broader initiatives, such as the One Future Initiative and the Downstream Initiative—to
develop and verify robust commitments to reduce methane emissions.

Reducing other air pollution from TS&D infrastructure systems. A number of Administration
initiatives are reducing air pollution from TS&D infrastructure. Examples of this include the EPAs
guidelines to states to reduce ozone precursors from oil and gas systems; DOE’s work to improve

the energy efficiency of equipment powering natural gas transmission systems and other TS&D
infrastructure; DOT’s Federal Highway Administration funding of state and local programs that
reduce air emissions through its Congestion Mitigation and Air Quality Improvement program; and
funding of the National Clean Diesel Campaign, which issues grants to eligible entities for projects to
reduce emissions from existing diesel engines, which are pervasive in TS&D infrastructure.
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Recommendations in Brief

Improve quantification of emissions from natural gas TS&D infrastructure. Congress should approve the
$10 million requested in the FY 2016 Budget to help update Greenhouse Gas Inventory estimates of methane
emissions from natural gas systems. DOE and EPA should undertake a coordinated approach, building on
stakeholder input, to ensure that new research and analysis is targeted toward knowledge gaps unaddressed by
other researchers.

Expand R&D programs at DOE on cost-effective technologies to detect and reduce losses from natural gas
TS&D systems. DOE should leverage its R&D efforts in this area to facilitate broader air quality benefits.

Invest in R&D to lower the cost of continuous emissions monitoring equipment. To further improve safety
and reduce emissions from natural gas systems, additional R&D—as proposed in the FY 2016 Budget—is
needed to reduce costs and enable deployment of continuous emissions monitoring technologies.

Support funding to reduce diesel emissions. To protect workers and nearby communities through further
reductions in diesel particulate matter emissions from ports and rail yards, the Administration proposed, and
Congress should provide, funding for the Diesel Emissions Reduction Act and other related programs.

Collaborate on R&D on the beneficial use and/or disposal of dredging material. The Army Corps of
Engineers and other appropriate Federal agencies should undertake collaborative R&D on treating and then
either beneficially using or disposing of dredging material.

Improve environmental data collection, analysis, and coordination. DOE should work with other Federal agencies
to improve data and analysis on the environmental characteristics and impacts of TS&D infrastructures.

Work with states to promote best practices for regulating and siting CO, pipelines. Building on successful
state models for CO, pipeline siting, DOE, in cooperation with Federal public land agencies, should take a
convening role to promote communication, coordination, and sharing of lessons learned and best practices
among states that are already involved in siting and regulating CO, pipelines or that may have CO, pipeline
projects proposed within their borders in the future.

Enact financial incentives for the construction of CO, pipeline networks. Congress should enact the
Administrations proposed Carbon Dioxide Investment and Sequestration Tax Credit, which would authorize $2
billion in refundable investment tax credits for carbon capture technology and associated infrastructure (including
pipelines) installed at new or retrofitted electric generating units that capture and permanently “sequester” CO,.

Enhancing Employment and Workforce Training

The workforce needed to build, maintain, and operate energy infrastructures will continue to evolve and, in
many cases, grow significantly. The heavy investment in new U.S. energy infrastructure that is anticipated
over the next few decades, combined with the maintenance needed by current infrastructure systems and
the looming retirement of a significant fraction of this sector’s labor pool, will stimulate the creation of a
wide range of new job opportunities for skilled workers. This will pose an increasing challenge for workforce
development and job training strategies.

Key Findings

Approximately 1 million people were employed in energy transmission and distribution jobs in 2013.
This represented almost 0.75 percent of U.S. civilian jobs. An additional 900,000 jobs were indirectly supported
by energy transmission and distribution activity.
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Projections indicate that, by 2030, the energy sector overall, including the TS&D segment, will employ
an additional 1.5 million workers. Most of these jobs will be in construction, installation and maintenance,
and transportation, and approximately 200,000 more workers with computer and mathematics skills will be in
demand.

Changes in the electricity sector, in particular, affect the number and types of energy jobs. New
technologies are changing the skill sets in demand in the electricity workforce, creating opportunities

that include utility management positions for smart grid programs, meter installers and service providers,
intelligent transmission and distribution automation device producers, communications system products and
services providers, and software system providers and integrators.

Accelerating methane abatement actions in the natural gas TS&D system is projected to support a
significant number of jobs. One study projects that an accelerated replacement timeline along with other
measures could support 313,000 jobs throughout the economy.

New job-driven training strategies, reflecting a broader range of needed skills, will be required to meet
the challenges of the future. Whether it is by expanding training curricula to use the latest educational tools
and techniques, moving to a competency-based system of evaluating educational and training outcomes, or
engaging new pools of potential talent (such as veterans), innovation in methods to attract and train the TS&D
infrastructure workforce of the future will be required.

Defining priorities in the area of jobs and workforce training and establishing effective programs
requires good data. It is challenging both to define and quantify jobs in the energy industry because of how
employment data in the United States are organized and published. The lack of information is especially
critical in job categories experiencing high growth and rapid technological change, such as those dealing with
infrastructure associated with the solar industry.

Selected Recent Federal Government Actions

The activities of the Federal Government to respond to changes in employment and workforce for TS&D
infrastructures exist in a broader context of initiatives to train a competitive domestic energy workforce that
are being undertaken by the energy industry, labor organizations, colleges, trade schools, and state and local
governments. Some recent Federal actions and initiatives that are aimed at supporting and partnering with
these broader efforts include the following:

« Expanding existing efforts. The Administration’s Ready to Work Initiative and the passage of the
Workforce Innovation and Opportunity Act have led to several important efforts in the energy sector.
In addition to the significant investments in energy and advanced manufacturing workforce training,
the newly formed Skills Working Group, an interagency task force of 13 Federal agencies chaired
by the Secretary of Labor, has focused on the energy sector as one of six key opportunity areas for
expanding apprenticeships, building career pathways to the middle class, and initiating place-based
initiatives to expand opportunities to underserved communities.

» Providing financial assistance for training. The Department of Labor has granted $450 million
in Trade Adjustment Assistance Community College and Career Training grants to nearly 270
community colleges across the country. Also, in December 2014, the Department of Labor announced
the American Apprenticeship Grants Competition—a $100-million grant program to launch
apprenticeship models in high growth fields, such as energy, and expand apprenticeship models that
work.

o Creating an energy Jobs Council. DOE has created a new Jobs Council, which brings together
the diverse energy programs of the Department with its laboratories and technology resources to
accelerate job creation across all energy sectors in partnership with other Federal agencies, the private
sector, and state and local governments.
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o Developing curricula and certification standards. DOE has been deeply engaged with both
traditional and new energy sectors, developing curricula and/or certification standards for the solar,
unconventional natural gas extraction, and building energy efficiency industries, for instance. In
addition, through DOE’s Office of Economic Impact and Diversity and its new Jobs Council, the
Department’s programs have focused on driving energy opportunities to traditionally underserved
communities and to veterans and other specific populations.

Recommendations in Brief

Support an energy-job skills training system through the interagency Skills Working Group. The training
system should include new curricula, apprenticeship programs, industry-based credentialing standards, and
innovative online learning systems.

Expand support for an open-source learning community to develop, facilitate, and expand use of state-
of-the art courses in energy-related fields. These efforts should work to maintain and improve the National
Training and Education Resource platform.

Coordinate efforts to accelerate the development of high-quality energy and manufacturing curricula and
apprenticeship programs. DOE should coordinate with existing Department of Labor and National Science
Foundation programs.

Facilitate national credentials for energy occupations. DOE should support and facilitate an industry-led
process of defining needed skills in a number of emerging occupations.

Facilitate the transition of military veterans into the energy sector. DOE should work with the Departments
of Labor and Defense and stakeholders to standardize the applicability of Military Occupation Codes to
civilian jobs in energy sectors.

Establish an interagency working group to reform existing energy jobs data collection systems. DOE
should convene a group with the Departments of Labor and Commerce to provide complete and consistent
definitions and quantification of energy jobs across all sectors of the economy.

Siting and Permitting of TS&D Infrastructure

The trends affecting TS&D infrastructure are discussed in this report—including major increases in oil and gas
production, expanding production of renewable energy, changing requirements for what is expected of energy
infrastructure, climate change, and steps to maintain electricity grid—are shaping and driving demand for new
TS&D infrastructure. Over the last decade, there has been a growing awareness of the gap between the times typically
needed to permit new generation and production sources of energy and the much longer times needed for TS&D
infrastructure. This discrepancy in permitting time frames affects everything from transmission planning to utility
procurement and project finance decisions—making it more challenging to plan, site, permit, finance, and construct
energy infrastructure projects. Given these challenges, it is essential to promote more timely permitting decisions
while protecting our Nation's environmental, historic, and cultural resources.

Key Findings

The involvement of multiple jurisdictions adds time to siting, permitting, and review of infrastructure
projects. As major infrastructure projects are proposed, Federal, state, local, and tribal governments must work
to consider and minimize potential impacts on safety and security, as well as environmental and community
resources (e.g., air, water, land, and historic and cultural resources). These entities often have overlapping and
sometimes conflicting statutory responsibilities for siting and permitting projects. The interplay among the
diverse sets of participants and statutorily defined responsibilities is challenging, and for particularly large and
complex infrastructure projects, multiple permits and approvals can lead to inefficiencies and delay.
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Close collaboration with tribal, state, and local governments is critical to siting, permitting, and review
of infrastructure projects. Most infrastructure siting and permitting decisions are made at the state and local
levels; some also require consultation with affected Indian Tribes. The bulk of Federal review and permitting
responsibilities are also handled at regional offices rather than agency headquarters. The local nature of
decision making requires close interaction between local and tribal governments and Federal agencies, as well
as appropriate knowledge of resource concerns to be addressed in the permitting process.

Robust public engagement is essential for the credibility of the siting, permitting, and review process. Major
infrastructure projects, such as high-voltage transmission lines and pipelines, are likely to trigger potentially
conflicting stakeholder interests and have the potential to produce significant impacts on local communities

and the environment due to their complexity and scale. Robust stakeholder engagement is necessary to avoid,
minimize, and mitigate these potential impacts and is likely to reduce delays in reaching a decision.

Siting timetables vary widely, and processes for siting energy infrastructure differ by sector. Major
infrastructure projects typically involve multi-year design, development, and construction timelines with complex
approval processes. Timelines and processes for approval vary depending on the scope and type of project.

Selected Recent Federal Government Actions

The Obama Administration has taken steps within and across Federal agencies to modernize the Federal
permitting and review process for major infrastructure projects to reduce uncertainty for project applicants, to
reduce the aggregate time it takes to conduct reviews and make permitting decisions by half, and to produce
measurably better environmental and community outcomes. These include the following actions:

« Coordinating project review. The Interagency Steering Committee established under Executive Order
13604 and the Interagency Infrastructure Permitting Improvement Team housed at DOT are currently
developing a Policy for Coordinated Review of infrastructure project applications among Federal
agencies and with project sponsors.

o Developing pre-application procedures and cost recovery for project reviews. In 2013, DOE—
through the Council on Environmental Quality and the Administration’s Rapid Response Team for
Transmission—developed a proposed Integrated Interagency Pre-Application Process for onshore
electric transmission lines. DOE is now considering issuing a revised regulation under Section 216(h)
of the Federal Power Act that would incorporate that process. In September 2014, the Bureau of Land
Management issued a proposed rule that would require all applicants for rights of way across public
lands for electric transmission lines of 100 kilovolts or greater and pipelines 10 inches or more in
diameter to hold pre-application meetings to coordinate with appropriate Federal and state agencies
and tribal and local governments. It would also require proponents to pay reasonable or actual costs
associated with the pre-application process.

« Expanding online project tracking and developing metrics. The Administration launched a Federal
Infrastructure Project Permitting Dashboard to track designated infrastructure project schedules. The
dashboard also hosts a “Permit Inventory”—a searchable database of required permits and approvals—
as well as National Environmental Policy Act (NEPA) reviews and milestones relating to major
infrastructure projects.

« Expanding availability and sharing of data and geographic information system tools. The
Administration has identified a number of actions and policies to facilitate adequate collection,
integration, and sharing of the best available data to assist project sponsors in siting projects in order
to minimize resource impacts and to support Federal decision making, including (1) NEPAnode;
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(2) the Fish and Wildlife Service Information, Planning, and Conservation Tool; (3) EPA's NEPAssist;
(4) the Eastern Interconnection States Planning Council Energy Zones Mapping Tool; (5) the Army
Corps’ Federal Support Toolbox; (6) the Western Governors’ Associations’ Crucial Habitat Assessment
Tool; and (7) the National Oceanic and Atmospheric Administration’s Social Vulnerability Index.

« Designating corridors for pipelines, electric transmission lines, and related infrastructure. The
Department of the Interior and the Department of Agriculture are conducting a periodic review
of the Western energy rights-of-way corridors designated in 2009. As directed in the June 2013
Presidential Memorandum, DOE issued two reports—one for assessing potential corridors in the
West, as proposed by the Western Electricity Coordinating Council, and one for the rest of the United
States that looks at current and potential crossings for transmission lines and oil and gas pipelines on
federally protected national trails.

o Undertaking landscape- and watershed-level mitigation and conservation planning. Federal land
management agencies have begun to implement mitigation and conservation planning at the landscape,
ecosystem, or watershed level. For example, in March 2014, the Department of the Interior released the
Solar “Regional Mitigation Strategy for the Dry Lake Solar Energy Zone,” and in April 2014, Secretary
Jewell issued the “Strategy for Improving the Mitigation Practices of the Department of the Interior”

Recommendations in Brief

Allocate resources to key Federal agencies involved in the siting, permitting, and review of infrastructure
projects. Federal agencies responsible for infrastructure siting, review, and permitting have experienced
dramatic appropriations cuts and reductions in staff. Many of the components of the overall effort to improve
the Federal siting and permitting processes have been stymied in recent years by appropriations shortfalls.
Congress should fully fund these priorities.

Prioritize meaningful public engagement through consultation with Indian Tribes, coordination with
state and local governments, and facilitation of non-Federal partnerships. Early and meaningful public
engagement with affected residential communities, nonprofit organizations, and other non-Federal stakeholders
through the NEPA process and other forums can reduce siting conflicts. Federal agency coordination with

state and local governments and government-to-government consultation with affected Indian Tribes should
remain a Federal Government priority. When possible, Federal agencies should co-locate energy infrastructure
environmental review and permitting staft from multiple Federal agencies’ regional and field offices.

Expand landscape- and watershed-level mitigation and conservation planning. When adverse impacts to
the Nation’s landscape cannot be avoided or minimized any further, Federal agencies should seek innovative
approaches to compensate for adverse project impacts commensurate with the scope and scale of the project
and effects to resources. Through mitigation planning at a landscape, ecosystem, or watershed scale, agencies
can locate mitigation activities in the most ecologically important areas.

Enact statutory authorities to improve coordination across agencies. Congress should authorize and fund
the Interagency Infrastructure Permitting Improvement Center in DOT, as set forth in Section 1009 of the
Administration’s draft legislation for the GROW AMERICA Act.

Adopt Administration proposals to authorize recovery of costs for review of project applications.
Consistent with the proposal in the President’s FY 2016 Budget Request, additional flexibility for certain
agencies to accept funds from applicants would be appropriate and could expedite the Federal permitting and
review process.
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Investing in Energy Infrastructure

The replacement, expansion, and modernization of dedicated and related energy infrastructure require

major investment over an extended period of time. Most of the resources will come from the private
sector—sometimes as approved costs under Federal and state-regulated rate structures for energy delivery

to consumers and businesses. Nevertheless, a significant number of the infrastructure recommendations put
forward in this QER call for Federal funds, either for direct investment or for stimulating and incentivizing
other investments. The desirability of Federal engagement comes in large part from classic market failures of a
variety of kinds, above all public goods and negative externalities. As noted in a 2012 report by the Department
of the Treasury and the President’s Council of Economic Advisers, moreover, there is a large body of evidence
showing significant private sector productivity gains from public infrastructure investments, in many cases
with higher returns than private capital investment.®

The QER calls for increased Federal investments, targeted both at areas of traditional Federal responsibility and at
new approaches to inform, incentivize, and leverage the investment decisions of state and local governments and the
private sector that reinforce overarching economic, security, and environmental objectives (see Figure SPM-6). Some
of these investments were already proposed in the President’s FY 2016 Budget Request. The recommendations
that were not proposed in the FY 2016 Budget, both on the mandatory and discretionary side, will be subject to
the President’s Budget process, including, for example, identification of revenue sources or other offsets. Other

recommendations would require new authorizing legislation and were not proposed in the FY 2016 Budget.
Table SPM-2 summarizes the recommendations that will require further legislative authorization, together
with initial order-of-magnitude cost estimates. More precise cost estimates will depend upon more detailed
program design and final statutory language. The Administration looks forward to working with Congress to
advance these recommendations.

Figure SPM-6. Recommendations Requiring Legislative Authorization

. Modernizing Global Resiliency, Recovery, Improvements Integrating
Smart Grid . .
Energy Security Safety and Asset to Shared North American
of the Future
Infrastructures Recovery Infrastructure Energy Markets
e Grid Modernization® e  SPR modernization Implementation Grants e  ASSETS grants for Enhance North

($3.58)

Grants for state
and multi-state grid
reliability planning*
($300-$350M)

and life extension
($1.5-$28B)

Security Initiative

G-7 Collective Energy

for Energy System
Hardening ($3-$5B)
Rate Mitigation

for accelerated NG
distribution pipe
($2.5-$3.5B)

State Energy
Assurance/Resiliency
Planning Grants*
($350-$500M,
depending on 2 or 3
year cycle)

Strategic Transformer
Reserve

energy-intensive
connector projects
($2-$2.58)

American energy
integration through
cooperative measure
with Canada and
Mexico

Caribbean
Renewables/LNG
project planning
support

Note: Most funding is over 10 years and would be incremental to agency baseline budgets. Programs identified with an asterisk would require
incremental funding over a shorter time period.
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Table SPM-2. Examples of Federal Mechanisms/Tools Applied to Each Energy Infrastructure Objective

Objectives ),

Mechanisms/Tools

Resilience, Reliability Electricity Grid

Safety and Security

Modernization

Energy Security
and Supporting
Infrastructures

Administration
Chair

Direct Federal

Provide competitive, cost-
shared implementation
grants to harden and

Provide competitive
grants for State and
multi-State reliability

De-bottleneck Strategic
Petroleum Reserve (SPR)

Provide cost sharing for
investments in shared

Infrastructure " ; distribution capability .
enhance the resilience planning to meet . / energy transportation
Investments - . . through marine terminal
of electricity TS&D environmental, resilience, systems
: - enhancements
infrastructures and efficiency goals
Develop and
demonstrate cost-
Research, effective technologies Assess flexibility and Enhance research on Arctic ~ Support research on

Development and
Analysis

to detect and reduce
GHG losses from natural
gas transmission and
distribution systems

value of electricity
storage

energy safety and accident
prevention

disposal of dredging
materials

Data Collection
and Information
Management

Develop a framework
and metrics for modeling
and measuring resiliency

Institutionalize energy
efficiency evaluation,
measurement, and
verification

Increase the integration
of EIA energy data with
Canada and Mexico

Improve data
collection on shared
energy transportation
infrastructure

Federal Regulation

Enhance safety standards
for gas transmission
pipelines

Develop grid connectivity
and interoperability
standards to enhance
safe and reliable grid
operation

Revise legal, regulatory,
and policy roadmaps for
harmonizing regulations
for energy emergency
response

Eliminate regulatory
impediments to ensure
adequate power plant
fuel reserves.

Workforce
Development

Develop curricula, training programs, and industry-based credentialing standards to expand energy sector

workforce
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Chapter 1

INTRODUCTION

This chapter provides a general introduction to transmission, storage, and
distribution (TS&D) infrastructure issues and to the report. It describes why
TS&D infrastructure is important to the U.S. energy system. It then covers a
set of trends and issues affecting the current U.S. TS&D infrastructure and
the demands it will need to meet going forward. Finally, the chapter briefly
describes the objectives that informed the study's development and the
architecture of the report that resulted.
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Chapter I: Introduction

The Character of the Nation’s TS&D Infrastructure

The United States has one of the most advanced energy systems in the world, supplying the reliable, affordable,
and increasingly clean power and fuels that underpin every facet of the Nation’s economy and way of life.

The energy TS&D infrastructure—defined here as the infrastructure that links energy supplies, energy carriers,
or energy by-products to intermediate and end users—is large, complex, and interdependent. It includes
approximately 2.6 million miles of interstate and intrastate pipelines; 414 natural gas storage facilities; 330
ports handling crude petroleum and refined petroleum products; and more than 140,000 miles of railways
that handle crude petroleum, refined petroleum products, liquefied natural gas (LNG), and coal. The electrical
component of the Nation’s TS&D infrastructure links more than 19,000 individual generators with a capacity
of 1 megawatt or more (sited at more than 7,000 operational power plants), with more than 642,000 miles of
high-voltage transmission lines and 6.3 million miles of distribution lines."?

The critical importance of these infrastructure facilities is not only in linking energy system components with
each other and with end users across the Nation; they also link the U.S. energy system to the rest of the world.
The TS&D infrastructure elements considered in this report are listed in Table 1-1.

Table 1-1. Elements of TS&D Infrastructure Considered in this Installment of the QER?

Fuel/Energy Carrier TS&D Infrastructure Element/System

Transmission lines and substations

Distribution lines and distributed generation

Electricity
Electricity storage

Other electric grid-related infrastructure

Natural gas gathering lines

Transmission pipelines

Natural gas storage facilities

Natural Gas
Processing facilities

Distribution pipelines and systems

LNG production/storage facilities (including export terminals)

Rail, truck, barge transport

Coal
Export terminals

Crude oil pipelines

Crude oil and products import and export terminals

Crude Oil/ Rail, truck, barge transport

Petroleum Products Oil refineries

Strategic Petroleum Reserve & Regional Petroleum Product Reserves

CO, pipelines (including EOR)

Biofuels Transport of feedstock and derived products, biorefineries
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The requirements that this TS&D infrastructure must meet are extensive and demanding. It must handle a
diverse and evolving mix of energy sources and energy products; link sources, processors, and users across
immense distances; match demands that vary on multiple time scales; co-exist with competing uses of the
same systems (e.g., ports and railways); and perform 24 hours a day, 365 days a year with high reliability, which
in turn requires both low susceptibility to disruptions and the resilience to recover quickly from whatever
disruptions nonetheless occur. The longevity and high capital costs of energy TS&D infrastructure, moreover,
mean that decisions made about how to locate, expand, and otherwise modify this infrastructure today will

be influencing—either enabling or constraining—the size and composition of the national energy system for
decades to come.

Much of the TS&D infrastructure is owned and operated by the private sector, and a significant portion of the
legal, regulatory, and policy development and implementation around such infrastructure occurs at state and
local levels. At the same time, the Federal Government controls and operates substantial TS&D infrastructure
assets of its own, including inland waterways, thousands of miles of transmission lines, and strategic oil and
product reserves. Some of the infrastructure elements owned by others are federally regulated with respect to
aspects of siting, safety, environment, and reliability. Additionally, a number of emergency authorities bearing
on TS&D infrastructure are vested in the Federal Government.

A further complexity affecting the TS&D infrastructure management and policy is that these infrastructures
often reach across state and even international boundaries, thus affecting large regions and making multi-state
and sometimes multi-national coordination essential for modernization, reliability, resilience, and flexibility.

In addition, the large capital costs, scale, and “natural monopoly” characteristics of much TS&D infrastructure
tend to perpetuate the role of incumbent providers; these circumstances constrain innovation and add to the
usual litany of market failures—public goods, externalities, information deficits, perverse incentives—generally
understood to warrant intervention through government policy when the proposed remedy is expected to
have sufficient net benefits to overcome predicable ancillary and unintended consequences.

Given the complexity of this policy landscape, it should be obvious that Federal policies to encourage and
enable modernization and expansion of the Nation’s TS&D infrastructure must be well coordinated with state,
local, tribal, and (sometimes) international jurisdictions and with full consideration of the interaction of policy
at all levels of government with private sector incentives and capabilities, to include attention to opportunities
for well-designed, purpose-driven, public-private partnerships.

Trends Affecting TS&D Infrastructure Choices

The U.S. energy landscape is in a time of transition. The relevant trends include dramatic changes in the
pattern of domestic coal, petroleum, and natural gas production; a drastically altered outlook for energy
imports and exports; large increases in electricity generation from wind and sunlight; and an increased priority
on moving rapidly to reduce greenhouse gas (GHG) emissions from the energy sector. All of these trends have
significant implications for the Nation’s TS&D infrastructure. So does another trend that has been building for
decades, which is a lack of timely investment in refurbishing, replacing, and modernizing components of that
infrastructure that are simply old or obsolete. These trends and their implications for TS&D infrastructure are
elaborated briefly in the subsections that follow.

Aging Infrastructure and Changing Requirements

More than a decade ago, a Department of Energy (DOE) report pronounced the U.S. electricity grid “aging,
inefficient, congested, and incapable of meeting the future energy needs of the information economy without
significant operational changes and substantial public-private capital investment over the next several
decades”* Although significant improvements have been made to the grid since then, the basic conclusion of

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015

1-3



Chapter I: Introduction

1-4

the need to modernize the grid remains valid. The Edison Electric Institute estimated in 2008 that by 2030 the
U.S. electric utility industry will need to make a total infrastructure investment of between $1.5 trillion and
$2.0 trillion, of which transmission and distribution investment is expected to account for about $900.0 billion.?

Modernization of the grid has been made all the more urgent by the increasing and now virtually pervasive
dependence of modern life on a reliable supply of electricity. Without that, navigation, telecommunication, the
financial system, healthcare, emergency response, and the Internet, as well as all that depends on it, become
unreliable. Yet, the threats to the grid—ranging from geomagnetic storms that can knock out crucial transformers;
to terrorist attacks on transmission lines and substations; to more flooding, faster sea-level rise, and increasingly
powerful storms from global climate change—have been growing even as society’s dependence on the grid has
increased.

In addition, changes in the expectations and desires of businesses and individual consumers have been altering
what the grid is expected to do. Once satisfied with a simple arrangement where utilities provided services and
consumers bought power on fixed plans, now individuals and companies want to control the production and
delivery of their electricity, and technology has become available to implement those wishes. These trends,
coupled with flat or declining electricity demand, could dramatically alter current utility business models, and
they are already making it more important to appropriately value and use distributed generation, smart grid
technologies, and storage.

Natural gas and oil TS&D infrastructures likewise pose aging and obsolescence concerns. These infrastructures
simply have not kept pace with changes in the volumes and geography of oil and gas production. The Nations
ports, waterways, and rail systems are congested, with the growing demands for handling energy commodities
increasing in competition with transport needs for food and other non-energy freight, and much of the relevant
infrastructure—pipelines, rail systems, ports, and waterways alike—is long overdue for repairs, not to mention
modernization.

One compelling example is the infrastructure for 19102"
moving natural gas. Close to 50 percent of the Nation’s 10% 00s

gas transmission and gathering pipelines were 80s

constructed in the 1950s and 1960s—a build-out of the

interstate pipeline network to respond to the thriving é
post-World War II economy (see Figure 1-1). Analyses 8%
conducted for the Quadrennial Energy Review (QER) 40s
suggest that natural gas interstate pipeline investment

will range between $2.6 billion and $3.5 billion per year
between 2015 and 2030, depending on the overall level
of natural gas demand. The total cost of replacing cast
iron and bare steel pipes in gas distribution systems is

estimated to be $270 billion.* 261)?
Figure 1-1. Age by Decade of U.S. Gas Transmission and P
Gathering Pipelines®

Nearly 60 percent of U.S. natural gas transmission and gathering lines are at least 45 years old, and 35 percent are 55 years old or older.

Pre-40s

¢ The American Gas Association reports that the total cost of replacing all cast iron pipe in the United States would be about $83 billion
in 2011 dollars. American Gas Association. “Managing the Reduction of the Nation’s Cast Iron Inventory.” 2013. www.aga.org/
managing-reduction-nation %E2 %80 % 99s-cast-iron-inventory. Accessed January 16, 2015. According to Pipeline and Hazardous
Materials Safety Administration data, cast iron pipes represent approximately 30 percent of the total leak-prone pipe in the United
States. Therefore, assuming other pipe replacement has similar costs, the total cost for replacement of all leak-prone pipe is roughly
$270 billion.
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Increases in U.S. Oil and Natural Gas Production and Proved Reserves

The United States is the world’s largest combined producer of petroleum and natural gas. In just 2 years, U.S. oil
production increased by 35 percent from 2011 to 2013.” U.S. proved reserves® of crude oil and lease condensates
increased each year from 2009 through 2013 and now total more than 36 billion barrels—a level not seen for
almost four decades.® Some of this increased production has been in locations that did not have sufficient pipeline
capacity to accommodate it. For example, proved reserves of crude oil and lease condensate in North Dakota
recently surpassed those of the Federal waters in the Gulf of Mexico, ranking North Dakota second only to Texas
among U.S. oil-producing states.’

Industry has responded to the infrastructure gap by expanding pipeline capacity where it can; reversing flow
direction on other pipelines; converting natural gas lines to oil; and seeking new “workaround” solutions to
transportation bottlenecks by moving increasing amounts of oil by truck, barge, and rail.

The profile for U.S. natural gas production and reserves is similar. Between 2005 and 2013, U.S. production
increased by 28 percent, and in 2013, proved natural gas reserves in the United States hit 354 trillion cubic
feet—a new record.'’ In 2013, shale gas was 38 percent of U.S. production and 47 percent of proved gas
reserves;'" !> between 2010 and 2013, shale gas production increased by 114 percent."” The geography of gas
production and reserves has also changed dramatically. Seventy percent of net increases in proved gas reserves
are in just two states: Pennsylvania and West Virginia.'* This production is also occurring in locations where
natural gas has not been produced in the past, changing movement of product flows and placing demands on
the infrastructure to move this product to consumers.

Decreases in Oil Consumption

At the same time that U.S. oil production has been growing markedly, U.S. oil consumption, and particularly
consumption of a major refined product (gasoline), has been falling.'” A number of factors have led to the
decrease in oil consumption. The Administration has set historic fuel economy standards for light and heavy
vehicles in recent years, which are already having an impact. In October 2014, a record was set for new light-duty
vehicle efficiency in the United States, reaching 24.1 miles per gallon.'® By 2025, passenger and light-duty trucks
are expected to be more than twice as efficient, reaching an average of 54.5 miles per gallon."” Many of these
vehicles are hybrid or electric; widespread deployment of hybrid vehicles could substantially reduce oil demand,
and wide-scale deployment of electric vehicles would require changes to the United States’ current infrastructure.
An increase in natural gas heavy-duty vehicles is projected; this is unlikely to make a significant difference in
TS&D infrastructure requirements.*®

The Energy Information Administration (EIA) forecasts show a slight drop in oil demand by 2040 as a result of
these standards; this is a significant change from previous forecasts, which anticipated increases in fuel demand
in 2040."” The Renewable Fuel Standard also requires that a mandated volume of renewable fuels (such as

ethanol and biodiesel) to be blended into U.S. transportation fuels. In 2012, ethanol consumption reached nearly
10 percent of U.S. gasoline demand by volume.” After decades of growth, U.S. vehicle miles traveled dropped
between 2007 and 2008 and have been relatively flat since.” Specifically, from 1971 through 1995, average vehicle
miles traveled growth was approximately 3 percent per year; this growth rate dropped to about 2 percent per
year from 1996 through 2007 and has been close to 0 percent from 2008 to 2012. Vehicle miles traveled per capita
actually peaked a few years earlier in 2004 and has continued to decline.?? Finally, a proportion of the decline in
fuel consumption is the result of reduced demand during the contraction of the economy in 2008 to 2009.

b Proved reserves are estimated volumes of hydrocarbon resources that analysis of geologic and engineering data demonstrates with
reasonable certainty are recoverable under existing economic and operating conditions. Reserve estimates change from year to year as
new discoveries are made, existing fields are more thoroughly appraised, existing reserves are produced, and prices and technologies
change. See: Energy Information Administration. “U.S. Crude Oil and Natural Gas Proved Reserves” December 19, 2014.
www.eia.gov/naturalgas/crudeoilreserves/.
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Reductions in Net Oil Imports

As a consequence of both increased oil production and decreased oil consumption, net petroleum imports to the
United States have declined steadily and significantly in recent years. The United States is currently less dependent
on foreign oil than it has been in over 40 years. In 2005, net U.S. imports of crude oil and petroleum products
averaged about 12.5 million barrels per day (million bbl/d) of a total of 20.8 million bbl/d of product supplied;

by year-end 2014, net imports of crude oil and petroleum products exceeded 5.0 million bbl/d of a total of

19.6 million bbl/d.**2*** This decrease in net petroleum imports has improved the energy and economic security
of the United States. The United States remains, however, a large crude oil importer and petroleum product
exporter;* these links into the global market also link the United States to global oil prices and oil price volatility.
Continued attention to infrastructure (e.g., the Strategic Petroleum Reserve) that addresses those vulnerabilities is
needed.

Increases in Petroleum Product and Natural Gas Exports

U.S. exports of crude oil and petroleum products have increased dramatically. In 2005, the United States
exported 1.2 million bbl/d of crude oil and petroleum products (gasoline, distillate, jet fuel, petroleum coke,
and hydrocarbon gas liquids); by October 2014, this amount grew to around 4.0 million bbl/d of crude oil and
petroleum products.” Almost 92 percent of total exports are refined products from oil; only 8 percent of the
total is crude oil.”® Many of these refined products are produced or shipped from the Gulf of Mexico, which has
increased the flow of petroleum and petroleum products in TS&D infrastructure flowing in that direction.

In addition, the United States is positioned to become a major exporter of natural gas just 10 years after an
accelerated development of significant import capacity. Rising supplies and falling natural gas costs in the United
States opened a price gap with other parts of the world and eliminated most of the need to import LNG. In
response, developers have started to repurpose previously constructed LNG import terminals to allow exports.
Approved LNG export permits to Free Trade Agreement and non-Free Trade Agreement countries are about 40
billion cubic feet per day (Bcf/d) and 5.74 Bcf/d, respectively. Total capacity of natural gas pipelines to Mexico was
6.5 Bctf/d in 2008, and by 2016, EIA projects that the United States will be exporting more than 1 trillion cubic
feet of natural gas to Mexico annually.* This additional capacity is meant to serve anticipated growing demand
from Mexico’s electric power sector.

Onshoring of Energy-Intensive Industries

According to the Congressional Budget Office, without shale gas, U.S. natural gas prices would be 70 percent
higher than projected prices by 2040.* The availability of lower-cost natural gas and natural gas liquids (NGL)
provides an advantage for U.S. manufacturers using natural gas or NGL for heat, power, or feedstocks. As

NGL costs have decreased, process costs for U.S. petrochemical manufacturing, which commonly uses NGL

as a feedstock, have also decreased. This has enabled some U.S. petrochemical facilities to gain an export
advantage over other parts of the world.* As a result, many expansions and additions to the U.S. petrochemical
manufacturing sector have been announced. The industrial sector as a whole has also taken advantage of
abundant natural gas. U.S. industrial consumption of natural gas has increased 15 percent from 2007 to 2014.%
The 2014 Annual Energy Outlook Reference case projects industrial consumption of natural gas and petroleum
to increase substantially from 2014 levels by 2025 and NGL and petrochemical feedstock consumption to increase
44 percent from 2014 levels by 2025. Many of these increased operations will require access to, and be sited near,
natural gas and NGL TS&D infrastructure. As a result, in 2014, renewable energy (including hydropower) made
up almost 13 percent of U.S. electricity generation.”
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Increased Deployment of Renewable Energy for Power Generation

Renewable energy deployment in the United States is rising. From 2008 to the end of 2013, the amount of
electricity generated from wind energy has more than tripled, and the amount from solar has increased by

more than tenfold.’® Renewable energy systems, including hydropower, wind, biomass, geothermal, and solar,
generated 523 million megawatt-hours of electricity in the United States in 2013.** According to EIA, in the
first 6 months of 2014, 26 percent of the 4,396 megawatts of new utility-scale installed generating capacity that
came online were solar additions and one-sixth were wind. Solar additions were up 67 percent over the same
time period in 2013 and wind more than doubled.*’

One important driver of increased renewable energy generation for electricity has been falling costs.
Photovoltaic solar modules cost about 1 percent of what they did 35 years ago.*" Analysis by the National
Renewable Energy Laboratory has found that the average cost for a utility-scale photovoltaic project in the
United States dropped from about $0.21 per kilowatt-hour in 2010 to $0.11 per kilowatt-hour at the end

of 2013.* A second driver for increased renewable electricity generation has been state-level Renewable
Portfolio Standards. Thirty-eight states have Renewable Portfolio Standards or some kind of preference or
goal for renewables.”” Almost all states have met their targets for 2013.* A third important driver has been the
Production Tax Credit.

The increase in renewable electricity has changed demands on TS&D infrastructure. Some significant
renewable resources are located far from population centers, and construction of adequate TS&D
infrastructure is key to accessing those resources. Another element of TS&D infrastructure—energy storage—
may also become more important as a means of integrating higher amounts of intermittent renewables into
the electric grid. At present, though, the many options for managing and operating the grid have lessened
demand for long-distance transmission, though this could strand some high-value resources in both the
midcontinent and offshore, particularly where there is no nearby demand. Power companies have multiple
options for meeting state Renewable Portfolio Standards, and depending on how they choose to comply, there
will be more or less need for additional transmission and distribution systems, particularly interstate TS&D
infrastructure. For example, Texas requires the use of indigenous renewable resources for power generation

to meet its standard. While it is the only state to do so explicitly, 17 other states offer a range of preferences
for in-state renewable generation sources, including rebates or upfront cash incentives, income or franchise
tax incentives, property or sales tax incentives, Property Assessed Clean Energy or low-interest financing,
grant programs, feed-in tariffs, and bond funding.* With respect to energy storage, while it is an important
enabler for variable renewables, the lack of available energy storage is not yet a limiting factor for expansion of
renewable electricity generation.

Increased Use of Natural Gas for Power Generation

Abundant natural gas supply and comparatively low prices have also affected the economics of electric power
markets. Additionally, recent environmental regulations at the local, state, regional, and Federal levels have
encouraged switching to fuels with lower emissions profiles, including natural gas and renewables. Natural
gas demand for power generation grew from 15.0 Bcf/d in 2005 to 21.4 Bcf/d in 2013, and it is projected

to increase by another 6.2 Bcf/d by 2030.4>#” < Electricity generation from natural gas rose by 85 percent
nationally from 2000 to 2013—from 601 terawatt-hours in 2000 to 1,114 terawatt-hours in 2013.* To better
understand the scale of natural gas use, total U.S. natural gas consumption in 2013 was 71.6 Bct/d.*

¢ Note that the EIA 2030 projection made does not include laws and policies not enacted or finalized at the time of the projection.
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Natural gas-fired power plants accounted for just more than 50 percent of new utility-scale generating capacity
added in 2013.*>¢ Natural gas-fired capacity continued to expand in 2014.”! Infrastructure changes may be
needed to accommodate future growth in natural gas use for power, including repurposing and reversals of
existing pipelines; laterals® to gas-fired generators;** more looping and compression to the existing network;
potential new pipelines (although, this could be regionalized); and additional processing plants and high-
deliverability storage. Under multiple scenarios, the pace of these changes for the interstate natural gas pipeline
system through 2030 is projected to be comparable to or less than historical build rates.

Slowing Rate of Electricity Demand Growth

Growth in U.S. electricity demand is at its lowest level in decades (as illustrated in Figure 1-2), driven most
significantly by policies that promote energy efficiency, supply/demand balance, and the shift in the economy
to less energy-intensive industry.” It is important to note, at the same time, that while there is low demand
growth nationally, there is wide variation in the amount of load growth across states and regions (see Figure 1-3).

Figure 1-2. U.S. Electricity Use and Economic Growth (3-Year Compound Growth Rate), 1950-2040%
Rate of Growth
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The rate of growth in electricity use has declined since 1950, while the rate of growth in gross domestic product has stayed relatively constant. The
slower electricity growth rate is a result of several factors, including a decline in energy-intensive industries, increasing energy efficiency, and the slow
recovery from the recent recession.

4 Representative capacity factors by technology are: coal 85 percent, conventional combined cycle 87 percent, conventional combustion
turbine 80 percent, nuclear 90 percent, wind 35 percent, solar photovoltaic 25 percent.

¢ Small segments of pipelines designed to link gas-fired power plants to the natural gas pipeline system.
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Figure 1-3. Percent Change in Retail Electricity Sales (kilowatt-hours), 2008-2013%
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There is a considerable variation in electricity retail sales among states and by region, ranging from an increase of 27 percent in North Dakota to a
decrease of 11 percent in Kentucky; these variations are due in part to changes in load growth.

Power Plant Retirements

Since October 2012, utilities have announced the retirement of five nuclear reactors in California, Wisconsin,
Florida, New Jersey, and Vermont; Indian Point in New York is also under consideration for retirement.*® U.S.
electricity providers are announcing the retirement of a number of coal-generating assets. EIA forecasts 49.4
gigawatts of retirements between 2013 and 2020.”” Changes in baseload generation will affect transmission
infrastructure needs. Market-related factors driving coal retirements include declining growth in electricity
demand, lower natural gas prices, and changing coal prices. Due to rising international demand and declines in
domestic mining productivity, EIA projects steady price increases for coal through 2040;°® meanwhile, market
prices for coal have increased by roughly 70 percent since 2000.* Coal generation retirements will vary by
region, based on the amount of existing coal generation, with regionally varying implications for transmission
and bulk power system’s operations and reliability. Retirements are also affecting the nuclear power industry,
with closures announced in 2012-2013 of five nuclear reactors, the first since 1998. Nuclear power supplied
nearly 19.0 percent of U.S. electricity in 2013—all of it carbon free—yet only accounts for 10.0 percent of total
installed capacity, with 2014 preliminary data showing a record average 90.9 percent capacity factor for the
Nation’s 100 nuclear units.® The loss of these plants could lead to a shift in power flows across the transmission
system.
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Rising Investment in Electric Transmission

According to EIA, between 1997 and 2012 electric transmission investments by private companies and
investors increased fivefold in real terms (2012 dollars), growing from $2.7 billion in 1997 to $14.1 billion in
2012—reversing a three-decade decline (see Figure 1-4).°' Reasons for increased investment include reliability
enhancement, connecting to renewables, demand shifts, cost increases, and market reforms that created more
options for independent generators.

Figure 1-4 Investment in Transmission Infrastructure by Investor-Owned Utilities, 1997-2012°
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Spending on transmission Infrastructure has increased fivefold since the late 1990s.

Climate Change

Energy TS&D infrastructure has always been shaped not only by the mix of energy supply technologies

and end-use patterns, but also by the characteristics of the environment where the infrastructure must
operate, including, for example, terrain, vegetation, soil and seismic conditions, and climate. It has long been
true, as well, that choices about TS&D infrastructure have had to take into account the need to limit that
infrastructure’s adverse impacts on the environment.

By far the most important environmental factor affecting TS&D infrastructure needs now and going forward is global
climate change. Sea-level rise, thawing permafrost, and increases in weather extremes are already affecting TS&D
infrastructure in many regions. The need to mitigate global climate change by reducing GHG emissions, moreover, is
accelerating changes in the mix of energy supply options and end-use patterns, and over time, it is likely to become the
dominant such influence. Reducing GHG emissions from TS&D infrastructure, including methane emissions from
the transmission and distribution of natural gas, will be increasingly important in this context.

Some key aspects of the climate change picture are summarized here as a prelude to the discussion in later chapters
of how decisions about TS&D infrastructure will likely be influenced by this and other environmental issues.
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Climate Science

The key conclusions from climate science—as embodied in the most recent reports of the Intergovernmental
Panel on Climate Change,” the National Academy of Sciences (jointly with the Royal Society of London),*
and the Third National Climate Assessment of the U.S. Global Change Research Program®—are that GHGs
emitted by civilization’s energy system are the dominant cause of changes in climate being observed across the
globe; that the changes not just in average conditions but in extremes are already causing harm to life, health,
property, economies, and ecosystem processes; and that deep reductions in GHG emissions will be required if
an unmanageable degree of global climate change is to be avoided.

Climate Trends

The annually and globally averaged air temperature near Earth’s surface has been directly computable from
thermometer measurements around the world since the late 19th century; determinations of this average over
the period 1880-2014 by the National Oceanic and Atmospheric Administration and the National Aeronautics
and Space Administration are shown in Figure 1-5. According to the best estimates of both organizations, 2014
was the hottest year since 1880, 2010 the second hottest, and 2005 the third hottest.

The increase in the average temperature, amounting to about 1.4 degrees Fahrenheit for the world and 1.6
degrees Fahrenheit for the United States, is not per se the essence of the climate change problem, however.
These average temperatures, like the temperature of the human body, are simply indices pointing to the overall
state of a very complex system. In the case of climate, the state of the system includes not just the averages, but
the spatial and temporal variations of temperature, humidity, clouds, winds, rainfall and snowfall, and tropical
and extratropical storminess, as well as such closely related factors as sea level; sea-ice cover; ocean currents;
the stability of permafrost; and the amount of water stored in groundwater, snowpack, and mountain glaciers.

Figure 1-5. Global Average Surface Air Temperature Relative to the 1951-1980 Average®
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Climate Change Impacts

A number of the manifestations of global climate change are particularly relevant to the TS&D focus of this
report. These include dramatic increases in very hot days and heat waves in many regions; a higher fraction of
rain falling in downpours in most regions (see Figure 1-6); increases in the intensity of droughts, wildfires, and
the most powerful storms in some; the shrinkage of sea ice and the thawing of permafrost in the far North; and
the rise of mean sea level.

Figure 1-6. Observed Change in Very Heavy Precipitation®’
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Intense precipitation events are becoming more frequent, particularly in the northeastern United States. The map shows percent increases in the
amount of precipitation falling in very heavy events (defined as the heaviest 1 percent of all daily events) from 1958 to 2012 for each region of the
United States.

It is these kinds of changes that have brought climate change home to a large proportion of the world’s
population, including in the United States. Additionally, because of these manifestations of climate change
beyond average warming, their impacts on life and property and livelihoods, and the prospect of their
continuing to worsen going forward, in proportion to the size of future emissions (see Figure 1-7), that many
policymakers, many leaders of business and civil society, and large majorities of publics around the world have
concluded that it is time to take action both to reduce those emissions and to increase preparedness for and
resilience against whatever further changes in climate materialize.
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Figure 1-7. Change in Annual Average Air Temperature between 1970-1999 and 2070-2099 under Low- and High-
Emission Scenarios for Global GHGs®®
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Chapter I: Introduction

Human Causes of Climate Change

The most important of the anthropogenic emissions driving global climate change are those of CO,, methane,
and particulate black carbon. Of the total warming influences exerted by anthropogenic emissions since the
nominal start of the Industrial Revolution in 1750, 42 percent came from CO, emissions, 24 percent from
methane emissions, and 16 percent from particulate black carbon emissions; the remainder was divided almost
equally among emissions of halocarbons, nitrous oxide, and carbon monoxide (which converts to CO, in

the atmosphere).”’ The relative importance of CO, emissions compared to those of the other heat-trapping
substances has been growing over time, moreover. Based on integrated warming influence over the next

100 years, U.S. emissions of CO, in 2013 accounted for more than 82 percent of the impact of all U.S. GHG
emissions combined for that year.” The share of CO, as a proportion of all global GHG emissions in the same
year, calculated on the same basis, was about the same.”!

The main sources of the anthropogenic additions of CO, to the atmosphere over the course of the industrial
revolution have been fossil fuel burning (including flaring of natural gas), cement production, and land-use
change. By 2013, the fossil fuel and cement contribution accounted for 92 percent of the total.”” U.S. CO,
emissions from fossil fuels and cement in 2013 amounted to about 17 percent of the world total and came from
oil burning (40 percent), coal burning (30 percent), useful natural gas burning (25 percent), non-energy uses
of fossil fuels (3 percent), cement manufacturing and other non-fossil-fuel industrial activities (1 percent), and
gas flaring (1 percent).”

In recent years, the main contributors to global emissions of methane from human activities have been the
fossil fuel system (30 percent of human-caused emissions), livestock (27 percent), landfills (21 percent),
biomass/biofuels burning (11 percent), and rice cultivation (11 percent).”* In the United States, which accounts
for about 8 percent of anthropogenic methane emissions worldwide, the role of the energy system in methane
emissions has been larger; the main contributors in 2013 were the fossil fuel system (43 percent), livestock and
manure management (34 percent), and landfills and other waste management (20 percent).”

TS&D systems are responsible for only a small fraction of overall U.S. emissions. There are nonetheless
opportunities to reduce emissions from this sector—for example, through halting methane leakage from
natural gas pipelines and processing facilities. And, of course, the expanded implementation of no- and low-
CO, energy technologies being undertaken to reduce the energy systems GHG emissions overall will place
additional demands on TS&D in some cases (e.g., to link remote renewable energy sources with demand
centers and to move captured CO, from fossil-fueled (and, possibly biomass-fueled) power plants through
pipeline networks to sites for productive use or geologic storage).

The U.S. Response to the Climate Change Challenge

The Obama Administration has addressed the growing threat from climate change through a comprehensive
set of energy and environmental strategies to cut GHG emissions domestically and through sustained
diplomacy to spur global action.

The Administration’s First Term

First term actions include $80 billion of investments in a cleaner, more efficient U.S. energy future through
the American Recovery and Reinvestment Act of 2009, as well as additional funding through subsequent
Presidential budgets; the promulgation of the first-ever joint fuel economy/GHG emission standards for light-
duty vehicles and new, more stringent energy efficiency standards for commercial and residential appliances;
and the announcement of a U.S. emissions reduction target in the range of 17 percent below the 2005 level by
2020.
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Other actions to deploy low-carbon solutions included creation of the TIGER program (i.e., the Transportation
Investment Generating Economic Recovery program), which combines Federal, private, state, and local
funding to advance public transportation; the public-private Better Buildings Initiative to boost the energy
efficiency of commercial and industrial buildings; and promulgation of the first-ever national fuel efficiency
and GHG emissions standards for heavy-duty trucks and buses.

The Administration also invested in clean energy technology leadership through increases in DOE funding
for research and development on clean energy and energy efficiency; creation of five Energy Innovation Hubs
linking academia, industry, and government in a concerted effort to overcome barriers to the development
and commercialization of a variety of cleaner and more efficient energy technologies; and the launch of the
Transportation Electrification Initiative to accelerate market adoption of advanced electric vehicles.

These domestic initiatives contributed to a number of the trends affecting TS&D infrastructure that were
mentioned previously in this chapter, such as decreases in oil consumption, increased deployment of
renewable energy for power generation, and slowing the rate of electricity demand growth.

The Climate Action Plan
In June 2013, the President announced a comprehensive “Climate Action Plan,” with three pillars:”

o Additional measures to reduce domestic GHG emissions and bolster land-sector carbon sinks,
including CO, emission standards for existing and new fossil-fueled electric power plants, an
interagency strategy to reduce methane emissions, and further commitments to clean energy and
increased energy efficiency.

o Measures to increase domestic preparedness for and resilience against changes in climate that can
no longer be avoided, including directing Federal agencies to incorporate climate change preparedness
and resilience into their missions and policies, establishing interagency and state/local/tribal task forces
on preparedness and resilience to advise on and implement additional steps, developing strategies
and partnerships for managing floods and droughts, and mobilizing science and data to support these
efforts.

o Leading international efforts to address climate change, including not just leading by example, but
also bilateral and multilateral engagement on emission reduction targets and technologies (focusing
particularly on the largest-emitting nations), assistance on building preparedness and resilience
(focusing particularly on developing countries), and mobilizing clean energy and preparedness finance.

As noted in the Preface, the “Climate Action Plan” also mandated the production of an interagency QER, of
which this report is the first installment.

Among the actions subsequently taken under the “Climate Action Plan,””” those with the greatest potential
relevance for the future of TS&D infrastructure (and thus most germane to the focus of this report) include
the following:

e On domestic emissions, changes to TS&D infrastructure will play a role in achieving the interagency
strategy to reduce methane emissions nationwide, in the acceleration of permitting for new renewable
energy projects on public lands and military installations, and in the implementation of Executive
Orders requiring that Federal departments and agencies—including those with responsibilities relating
to TS&D infrastructure—take climate change into account in all of their policies and programs.

o On preparedness and resilience, an Executive Order in November 2013 established both an
interagency Council on Climate Preparedness and Resilience to coordinate the Federal Government’s
activities in this domain and a State, Local, and Tribal Leaders Task Force on Climate Preparedness and
Resilience to advise the President and the council on needs on the ground. A climate data initiative was
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launched in March 2014 to make available, in convenient form, all of the relevant data held by Federal
departments and agencies; the “Third U.S. National Climate Assessment” (providing information
tailored to regional and sectoral preparedness and resilience needs, including the needs of the energy
sector) was released in May 2014, and the first version of a user-friendly U.S. Climate Resilience Toolkit
was released to the public in November 2014. Among the benefits of these initiatives is better data and
insight for TS&D infrastructure owners, regulators, and other stakeholders concerning the potential
effects on that infrastructure of climate-driven phenomena such as sea-level rise.

o On international engagement, in November 2014, in a joint announcement with Chinese President Xi,
President Obama announced a new U.S. target for post-2020 GHG emission reductions: 26 percent to
28 percent below 2005 levels by 2025. At that event, the Chinese government made the unprecedented
commitment that Chinese emissions would peak by around 2030 and that China would boost its
economy-wide share of non-fossil-fuel energy to about 20 percent by that time. Since then, the United
States has worked with other countries, including Mexico, to secure ambitious climate change and clean
energy commitments from those two countries, as well. Improvements to TS&D infrastructure will play
a role in facilitating the achievement of the U.S. target and in increasing clean energy trade and market
integration with Mexico.

Results of the Administration’s Energy and Climate Policies

Between 2008 and 2014, the U.S. economy grew by 8.5 percent while total energy use and electricity generation
both fell by 0.6 percent. That means the energy efficiency and electricity efficiency of the U.S. economy—real
gross domestic product per quadrillion British thermal unit of total energy and real gross domestic product
per billion kilowatt-hours of electricity—both grew during this period by 9.1 percent, an average of about 1.5
percent per year.”® U.S. GHG emissions in 2013 were 7.0 percent below the 2008 level and 8.5 percent below the
2005 level used as a reference point for U.S. emissions reduction targets.”

A large part of these recent emissions reductions have come from the electric power sector, where emissions
from coal burning declined 21.3 percent and emissions from all fossil fuel combustion in power plants
declined 15.4 percent between 2005 and 2014.*° Key factors contributing to this trend have included a
reduction in demand growth; fuel switching from coal and petroleum to lower-carbon natural gas; and the
previously mentioned growth in generation from wind and solar energy.®' In addition, a combination of state
and Federal policies, plus industry actions that include improved gas infrastructure equipment, contributed to
a 13 percent decline in methane emissions in natural gas systems between 2005 and 2012.*2

The Path Forward

As noted above, the Obama Administration committed formally in 2009 to a target of reducing U.S. GHG
emissions to a level in the range of 17 percent below the 2005 value by 2020, and it committed further, in
November 2014, to a level 26 percent to 28 percent below the 2005 value by 2025. Historic and projected U.S.
emissions under these targets, to 2025, are shown in Figure 1-8.

The Administration’s actions under the “Climate Action Plan” put the United States on a path to meet the
Administration’s 2020 and 2025 targets. According to the “U.S. Climate Action Report 2014” submitted by the
Administration to the UN Framework Convention on Climate Change, U.S. emissions reductions by 2020
under the “Climate Action Plan,” compared a 2012 Policy Baseline scenario, could amount to 485 million
metric tons to 800 million metric tons in energy sector CO,, 100 million metric tons to 135 million metric
tons of CO, equivalent in hydrofluorocarbons reductions under the Montreal Protocol, and 25 million metric

/" The 2012 Policy Baseline Scenario assumes no additional measures beyond those in place in 2012 are implemented.
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Figure 1-8. Historic and Projected U.S. Emissions under Obama Administration Targets®
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tons to 90 million metric tons of CO, equivalent in methane reductions under the “Climate Action Plan’s”
Methane Strategy.®** The report indicates that these and a combination of smaller reductions from other sectors
of the economy would bring total U.S. emissions in 2020 down to the range of 17 percent below 2005 levels.

Steepening of the downward trend after 2020, as Figure 1-8 shows, will be required in order to reach the
target of 26 percent to 28 percent below the 2005 level by 2025. This is to be accomplished through several
means, including implementation of carbon emission standards for the power sector that will drive further
shifts to low- and zero-carbon fuels, cleaner electricity generation technologies, and continuing improvements
in end-use efficiency. Improvements in TS&D infrastructures will assist in meeting these goals. While the
Administration’s 2020 and 2025 targets are ambitious, it is clear that continued reduction in GHG emissions
will be needed beyond 2025 in the United States and globally. These reductions will continue to drive
significant changes in TS&D infrastructure in the longer term.

Energy Finance for TS&D Infrastructure

Significant investment by both the private and public sectors will be required to meet energy objectives and
reduce vulnerabilities to disruptive events, but capital and cost of capital issues will be less challenging in
the near term than regulatory or market structure barriers. Although most energy TS&D assets are privately
or non-federally funded and owned, significant elements of the Nation’s shared transport infrastructure,
increasingly important for energy commodities, are federally funded and owned.
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Private Sector Financing for Infrastructure

As an investment class, infrastructure generally is considered to be a long-term investment with relatively low
risk, and most energy TS&D infrastructure projects fall into this category. Capital generally is available for
projects that have a predictable revenue stream, have stable cash flows, and are based on proven technologies.# %
These may include distribution infrastructure investments, where the rate base and rate of allowed return on
investment have been established for the utility by the public service commission through the rate case process,
or investments by a natural gas midstream pipeline company that have signed long-term contracts with
suppliers or shippers. These stable, predictable returns are attractive to capital markets, including institutional
investors, many of whom are looking for lower-risk, longer-duration assets to match long-dated liabilities.®* *

Barriers to investment tend to arise from unfavorable market fundamentals or regulatory challenges, rather
than from constraints related to access or cost of capital (although, this may change if interest rates rise or

risk spreads change). These barriers include lack of full market valuation (e.g., for grid ancillary services,
including storage) and lack of information for decision makers (e.g., to inform an appropriate level of resiliency
upgrades). Additionally, market externalities, such as climate change impacts due to GHG emissions, are not
addressed. Additional public financing mechanisms may help support investment; for example, by de-risking
projects that incorporate innovative technology, as well as ameliorating near-term affordability issues such as
rate shock to customers from infrastructure modernization (further discussed in Chapter II, Increasing the
Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure).

Public Sector Financing for Infrastructure

The Federal Government funds and owns key elements of the Nation’s energy systems, such as the Strategic
Petroleum Reserve for liquid fuels and the Power Marketing Administrations for electricity. The government
also plays a role in demonstrating and deploying first-of-a-kind technologies at scale, such as through the

DOE Loan Program. In addition, the Department of Agriculture’s Rural Utility Service provides support for
TS&D infrastructure. In addition, energy TS&D infrastructure investments have been supported by Federal tax
credits and structures, such as master limited partnerships for natural gas and liquid fuels transmission, tax-
exempt municipal bonds for public utilities, and investment tax credit for storage associated with renewable
power.

Large segments of shared infrastructure, such as highways, water transportation, and ports, are supported by
public funds.*” For example, water transport infrastructure, including canals, shipping channels, and locks, are
constructed and maintained by the Army Corps of Engineers through Federal appropriations. In many cases, as
discussed in Chapter V (Improving Shared Transport Infrastructures), these assets serve a vital and increasing
role in the transport and distribution of energy supplies, which have been underfunded for many years.

This installment of the QER and the analysis supporting its recommendations suggests the need for substantial
additional private and public sector investment. Targeted Federal investments will be needed in areas such

as the Strategic Petroleum Reserve, ports, and waterways, as well as other areas of traditional government
responsibility, and to incentivize the mobilization of private sector capital. Appropriately designed Federal
investments will pay significant dividends for the Nation’s competitiveness, energy security, and the transition
to a clean energy future. As disruptive events to energy infrastructure become more prevalent, the Federal

[

For example, one panelist at the QER Finance Stakeholder meeting in New York City commented that today’s market has a
“tremendous amount of capital” chasing “a dearth of [financeable] projects” See: Department of Energy. “Summary of Presentations
and Comments at the Quadrennial Energy Review Stakeholder Meeting #13.” p. 2. October 6, 2014.

=

Additionally, global total capital for all mutual fund and institutional investors is estimated at approximately $75 trillion, with
approximately $20 trillion in U.S. pension funds alone, although only a fraction of this capital is currently dedicated to the
infrastructure asset class. See: Ceres. “Investing in the Clean Trillion: Closing The Clean Energy Investment Gap.” www.ceres.org/
resources/reports/investing-in-the-clean-trillion-closing-the-clean-energy-investment-gap/view.
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Government can build and incentivize the capacity of states, tribes, and localities for greater reliability,
resiliency, and recovery through energy assurance plans and grants.

Energy Infrastructure Data and Information

Policymakers and companies rely on energy data to understand the status and evolution of national energy
systems and associated implications for markets, resilience, environment, safety, and other issues. One of the
major goals of policymakers is to forecast potential trends or disruptions to the system, identify vulnerabilities,
accurately characterize and quantify the scale of externalities, and then direct the response that is in the
national interest. Good decision making by public and private entities alike on energy investments and policies
requires accurate, accessible data and analysis. There are three overlapping areas around data that need to be
improved in order for the Federal Government to accomplish its energy policy goals: data gaps, analytical
methodology, and modeling/visualization tools.

Many national-level data gaps in liquid fuels, natural gas, and electricity infrastructure need to be filled,
particularly for environmental and safety issues and energy-related transport. In many cases, current data

is either outdated, sporadically collected, privately held, not coordinated in definitions or formats, “siloed”

in different databases, or simply not collected. For example, information of railway congestion related to
energy product transportation is severely outdated, with data often lagging by 2 years or more (see Chapter V,
Improving Shared Transport Infrastructures).

Energy stakeholders also need improved, commonly accepted analytical methodologies to define, measure,
verify, and evaluate options in order to make more accurate and timely decisions regarding infrastructure.

For example, frameworks and tools for assessing energy infrastructure resilience to disruptions vary widely
across industries and government agencies and may be well-tailored for specific industries and sectors, but are
not designed to aid policymakers and regulators in understanding current vulnerabilities; in deciding where
to focus efforts and investment to increase resilience; or in determining what level of resilience is needed to
protect consumers, safety, and the economy.

Finally, as the quality and consistency of data improve, models available to the Federal Government must
be adapted to utilize that data effectively and to address key emerging policy questions. For example,
models cannot fully address issues of electric grid congestion at a national scale. Further, while many
energy-sector-specific modeling and visualization tools already exist, these often are likely to ignore critical
interdependencies or operate with low temporal resolution. Gaps also exist in high-quality modeling and
visualization tools in specific subsectors, such as electricity distribution, natural gas production, bulk gas
transmission, and the liquid fuels network.

TS&D Infrastructure Goals and Architecture of the Study

This report’s integrated assessment of the emerging threats, risks, and opportunities for TS&D energy
infrastructure in the United States was guided by three high-level goals:

Economic competitiveness: Energy infrastructure should enable the Nation to, under a level playing field and
fair and transparent market conditions, produce goods and services that meet the test of international markets
while simultaneously maintaining and expanding jobs and the incomes of the American people over the longer
term. Energy infrastructures should enable new architectures to stimulate energy efficiency, new economic
transactions, and new consumer services.

Environmental responsibility: Energy infrastructure systems should be developed and managed in an
environmentally responsible manner, taking into consideration the imperatives of climate change and the
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societal costs and benefits of reducing or avoiding pollution and land-use impacts on a lifecycle basis in order
to minimize their environmental footprint while enabling better environmental performance for the energy
system more broadly. It is also important for policies to promote equity and avoid disproportionate impacts to
any particular populations.

Energy security: Vulnerabilities resulting from disruptions to energy infrastructure should be minimized
from disruptions in supply and mitigate impacts of disruptions, including economic impacts. If disrupted, the
U.S. energy infrastructure should be able to recover quickly. Energy security should support overall national
security and encompass a collective approach to U.S. allies, other friendly nations, and trading partners.

The “Desirable Infrastructure Characteristics” box provides a longer list of characteristics that U.S. TS&D
infrastructures should embody (in varying degrees) by 2030. The overall structure of the study and its
recommendations is depicted in Figure 1-9.

An additional box explains the coverage of a sister study, DOE’s Quadrennial Technology Review.

Figure 1-9. Objectives, Goals, and Organization of the QER®
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This figure shows the comprehensive set of interactions and overlapping objectives and goals of energy TS&D infrastructure, and of the correspond-
ing organization of the QER.

1-20 QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015



Notes:

Analyses were conducted with high-level national goals as the guideposts: (1) energy security, (2)
environmental responsibility, and (3) economic competitiveness.

Central to the QER is a set of four analytically derived objectives that represent an integrated approach
to assessing the adequacy of our TS&D energy infrastructures for supporting these high-level

goals. These objectives are: (1) increasing TS&D resilience, reliability, safety, and asset security; (2)
modernizing the electric grid; (3) modernizing U.S. energy security infrastructure; and (4) improving
shared transport infrastructures.

The QER also provides more conventional sector-level analyses of three infrastructures that represent
key fuels/energy carriers: (1) liquid fuels, (2) natural gas, and (3) electricity. Each of these is described

in detail in Appendices A, B, and C. Finally, the figure shows a host of additional crosscutting
government and private sector mechanisms/tools that enable or impede energy infrastructures
in achieving the objectives; these are represented in the surrounding circles and include jobs and

training, environment, and siting. Other crosscutting issues are embedded in the integrated analysis.

Desirable Infrastructure Characteristics

In addition to the high-level goals of competitiveness, energy security, and environmental responsibility, this report focuses
on how to enhance a more granular set of desirable characteristics that transmission, storage, and distribution infrastructures
should, in varying degrees, embody by 2030:

Reliability. The ability of a system or its components to operate within limits so that instability, uncontrolled events, or
cascading failures do not result if there is a disturbance, whether the disturbance is a disruption from outside the system or an
unanticipated failure of system elements. Reliability also means that a system’s components are not unexpectedly failing under
normal conditions.

Resilience. The ability of a system or its components to adapt to changing conditions and withstand and rapidly recover
from disruptions. To the extent that actions improve a system’s ability to withstand disruptions, they might be characterized as
enhancing reliability, or resilience, or both. The ability to recover from a disturbance, however, is specific to resilience.

Safety. Achieving an acceptably low risk to life and health in the design, construction, operation, and decommissioning of
a system. That level of risk is determined by taking into account the magnitude of potential consequences, the probability of
those consequences occurring, and the costs of risk mitigation.

A minimal environmental footprint. Energy systems should be efficient and designed, constructed, operated, and
decommissioned in a manner that minimizes carbon pollution. They should have a minimal impact on air quality and water
quantity and quality, have a minimal land-use footprint, have a low impact on biological resources, and have minimal toxic
emissions.

Flexibility. Energy infrastructure should be flexible enough to accommodate change in response to new, expected, or
unexpected internal or external system drivers. Flexibility could include extensibility, the ability to extend into new capabilities
beyond those required when the system first becomes operational; interoperability, the ability to interact and connect

with a wide variety of systems and subsystems, both in and outside of the energy sector; and optionality, which provides
infrastructures or features of infrastructures that would allow users to maximize value under future unforeseen circumstances.
Distributed generation, for example, could include these characteristics.

Affordability. Ensures that at both the system and component levels, costs and defined needs (or requirements) of users are
balanced with their ability to pay and consider the value created by the energy goods or services for the users or the system.
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Assessing Trends Using Scenario Analysis

The QER used scenario analyses to assess the impact of many of the factors previously described on the need
for liquid fuels, natural gas, and electricity transmission infrastructure between 2014 and 2030. The scenarios
explored infrastructure changes and TS&D investments that might be required under a range of possible
future conditions, including changes in policy. Factors analyzed included, among others, an economy-wide cap
on CO, emissions driving a 40-percent reduction in 2030, decreases in renewable generation costs, increased
natural gas prices, and dramatic expansions of LNG export capacity (see Table 1-2). Each of these scenarios
was run individually, and some were run in combination. The scenarios were defined to be “stressing” as
they were not those considered most likely, but were those that might require the greatest amount of change
in existing infrastructure. Each scenario was compared to the Annual Energy Outlook 2014 Reference case.
Scenario outputs included the amount of additional transmission and storage infrastructure built, GHG

emissions, and energy costs.

Table 1-2. QER Scenarios

Scenarios

Model

Base Case: Annual Energy Outlook 2014 Reference Case

Natural Gas

e High domestic gas demand
e High world gas supply

e High U.S. exports

Deloitte (MarketPoint)

e Coupled gas infrastructure and electricity market models

e Qutputs include major pipeline capacity expansions and
new pipeline builds

Electricity

Low wind cost

Low solar cost

Low-cost storage

High/low electricity demand

High natural gas prices

40-percent economy-wide greenhouse gas reduction by 2030
High penetration of distributed generation (photovoltaic)
High natural gas use

No new transmission

National Renewable Energy Laboratory

(Renewable Energy Deployment System, ReEDS)

e Electricity generation capacity expansion model

e Outputs include transmission capacity expansion,
generation, electricity costs, etc.

Liquid Fuels

e Low/high il resource

e Revisit oil export ban/keep intact
e Low oil demand

Energy Policy Research Foundation, Inc.

(Ponderosa Crude Flow Model)

e Pipeline flow and refinery model allocates domestic and
foreign crude oil based on refinery demand and margin
optimization

Oak Ridge National Laboratory/Jacobs Model

e Detailed refinery modeling (Jacobs) informs simplified
refinery, crude distribution model (Oak Ridge)

The natural gas scenario analysis results indicated that even under conditions of high domestic gas demand

or high U.S. gas exports, the amount of new gas transmission infrastructure needed is lower than or
commensurate with historical build rates. More new infrastructure is needed for the high U.S. exports case
than for the high domestic demand case because new pipelines would be needed, especially in the Gulf region.
The electricity scenarios similarly showed that transmission needs through 2030 do not significantly exceed
historical build rates under a wide range of renewable energy deployments, under a GHG cap, and under
accelerated retirements. Certain scenarios do, however, produce different regional transmission needs; for

example, more transmission is required in the Great Lakes region relative to the base case if wind costs drop by
about 15 percent. Finally, liquid fuels scenarios showed that very little liquid fuels transmission infrastructure
will be built even under high-demand conditions.
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Organization of the Remainder of the Report

The analysis conducted for the QER identified four major integrated objectives that address near-, mid-, and
long-term energy infrastructure needs and challenges, which are covered in Chapters II through V:

Chapter II. Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure,
focusing on the range of vulnerabilities and growing threats for TS&D infrastructures and ways to
decrease those vulnerabilities, including hardening them to make them less vulnerable, more reliable
and resilient, or safer.

Chapter III. Modernizing the Electric Grid, enabled through infrastructures, policies, technologies,
and other mechanisms.

Chapter IV. Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace,
including physical, market, and geopolitical recommendations.

Chapter V. Improving Shared Transport Infrastructures, focusing on rail, waterways, ports, and
roadways—transportation modes shared by other commodities and products that are seeing significant
increases in use for the transportation of energy commodities.

The report also focused on crosscutting areas of inquiry that are important to the integrated analyses, as well as
the analyses of the physical energy infrastructures in Chapters VI through IX:

Chapter VI. Integrating North American Energy Markets summarizes how an integration of
the North American energy market could enhance energy security, reliability, resiliency, and
competitiveness policies affecting cross-border infrastructures.

Chapter VII. Addressing Environmental Aspects of TS&D Infrastructure focuses on ways to cut
carbon pollution and protect the environment.

Chapter VIII. Enhancing Employment and Workforce Training focuses on enhancing jobs,
competitiveness, and training for modernizing energy infrastructures.

Chapter IX. Siting and Permitting of TS&D Infrastructure focuses on promoting siting and
permitting policies that expedite infrastructure build-out while protecting the environment and
communities.

The processes through which the findings and recommendations emerged are described in:

Chapter X. Analytical and Stakeholder Process describes how the QER analysis was informed by the
stakeholder outreach effort and provides details on the systems analysis commissioned to support the
QER.

Sector-specific analyses of the following physical infrastructures (listed in more detail in Table 1-1) were also
completed and accompany this report as appendices, as does a summary of Federal emergency authorities
germane to recovery of TS&D infrastructure after disasters:

Appendix A. Liquid Fuels

Appendix B. Natural Gas

Appendix C. Electricity

Appendix D. Federal Emergency Authorities.
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The Quadrennial Technology Review

The Quadrennial Technology Review (QTR) is a report issued by the Department of Energy (DOE) that examines the most
promising research, development, demonstration, and deployment (RDD&D) opportunities across a broad spectrum of energy
supply and end-use technologies. The first QTR was issued in 2011; DOE is anticipating the release of the second review in
mid-2015. While the Quadrennial Energy Review (this report) is focused on infrastructure and policy issues across the public
sector, the QTR is primarily focused on DOE-supported RDD&D to meet national energy challenges and goals. The two reviews
are parallel to and complementary with each other.

The 2011 QTR defined a framework for understanding and discussing energy system challenges; established a set of priorities
for DOE; and explained to stakeholders the roles of DOE and its national laboratories, the broader government, the private
sector, academia, and innovation in energy transformation.

The 2015 edition of the QTR will describe the Nation’s energy technology landscape and the dramatic changes that have
taken place since the first report in 2011. The 2015 QTR will approach the analysis from a systems perspective to explore the
integration of science and technology. It will include chapters on the following:

e Advancing systems and technologies to produce cleaner fuels

e Enabling modernization of electric power systems (grid)

e Advancing clean electric power technologies (generation)

e Increasing efficiency of building systems and technologies

¢ Innovating clean energy technologies in advanced manufacturing

e Advancing clean transportation and vehicle systems and technologies

e Enabling capabilities for energy science and technology.

As with the 2011 QTR, the 2015 QTR will inform DOE’s strategic planning through detailed technology assessments that
examine potential RDD&D pathways and their impacts out to 2030 and beyond.

More information on the QTR can be found at www.energy.gov/qtr.
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Chapter 11

INCREASING THE RESILIENCE,
RELIABILITY, SAFETY, AND
ASSET SECURITY OF TS&D
INFRASTRUCTURE

This chapter addresses a broad range of challenges to the resilience, reliability,
safety, and asset security of transmission, storage, and distribution (TS&D)

and shared infrastructures. The challenges vary among different types of TS&D
infrastructure and among different regions of the United States. First, the
electric grid is examined. The grid is especially vulnerable to extreme weather
events. It also is vulnerable to low-probability/high-consequence events.
Natural gas is the second TS&D infrastructure discussed. Here, in addition to the
examination of vulnerabilities and interdependencies, is a discussion of safety
issues. The third major section of this chapter addresses the resilience, reliability,
and asset security of TS&D infrastructure for liquid fuels. This chapter concludes
by presenting a series of major recommendations, a number of which cut across
and address multiple infrastructures and challenges.
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FINDINGS IN BRIEF:
Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure

Mitigating energy disruptions is fundamental to infrastructure resilience. Mitigating energy disruptions is
particularly important because other critical infrastructures rely on energy services to operate, and these interdependencies are
growing. Should disruptions occur, it is essential to have comprehensive and tested emergency response protocols to stabilize
the system and begin recovery.

Transmission, storage, and distribution (TS&D) infrastructure is vulnerable to many natural phenomena.
These include hurricanes, earthquakes, drought, wildfires, flooding, and extreme temperatures. Some extreme weather events
have become more frequent and severe due to climate change, and this trend will continue. Sea-level rise resulting from
climate change, coupled with coastal subsidence in the Mid-Atlantic and Gulf Coast regions, increases risks and damages to
coastal infrastructure caused by storm surge.

Threats and vulnerabilities vary substantially by region. In many cases, a particular natural threat or infrastructure
vulnerability will be region specific (e.g., Gulf Coast hurricanes threatening refineries), dampening the utility of national, one-
size-fits-all solutions for reliability and resilience. Regional solutions are essential.

Recovery from natural gas and liquid fuel system disruptions can be difficult. Although liquid fuels and natural gas
disruptions are less likely than electricity disruptions, it is relatively more difficult to recover from disruptions to these systems
than electric systems. Recovery from natural gas disruptions is particularly difficult because of the need to locate and repair
underground breakages.

Cyber incidents and physical attacks are growing concerns. Cyber incidents have not yet caused significant
disruptions in any of the three sectors, but the number and sophistication of threats are increasing, and information
technology systems are becoming more integrated with energy infrastructure. There have been physical attacks; while some
physical protection measures are in place throughout TS&D infrastructure systems, additional low-cost investments at sensitive
facilities would greatly enhance resilience.

High-voltage transformers are critical to the grid. They represent one of its most vulnerable components. Despite
expanded efforts by industry and Federal regulators, current programs to address the vulnerability may not be adequate to
address the security and reliability concerns associated with simultaneous failures of multiple high-voltage transformers.

Assessment tools and frameworks need to be improved. Research has focused more on characterizing vulnerabilities
and identifying mitigation options than on measuring the effects of best practices for response and recovery. In addition,
assessment tools and frameworks tend to characterize the impacts of disruptions on system performance, but are less able to
examine impacts on national or regional consequences like economic loss or loss of life.

Shifts in the natural gas sector are having mixed effects on resilience, reliability, safety, and asset security.
The addition of onshore shale gas infrastructure benefits natural gas resilience by decreasing the percentage of infrastructure
exposed to storms. The Energy Information Administration reports that the Gulf Coast percentage of natural gas production
went from 18 percent in 2005 to 6 percent in 2013. On the other hand, overall reliance on gas for electricity has gone up,
creating a new interdependence and grid vulnerability. Furthermore, additional export infrastructure resulting from the natural
gas boom would increase vulnerabilities to coastal threats, such as sea-level rise.

Dependencies and interdependencies are growing. Many components of liquid fuels and natural gas systems—
including pumps, refineries, and about 5 percent of natural gas compressor stations—require electricity to operate. The
interdependency of the electricity and gas systems is growing as more gas is used in power generation.

Aging, leak-prone natural gas distribution pipelines and associated infrastructures prompt safety and
environmental concerns. Most safety incidents involving natural gas pipelines occur on natural gas distribution systems.
These incidents tend to occur in densely populated areas.
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The Importance of Resilient, Reliable, Safe, and Secure TS&D
Infrastructure

Building a resilient, reliable, safe, and secure energy infrastructure is a national priority and vital to American
competitiveness, jobs, energy security, and a clean energy future. President Obama highlighted the importance

of energy infrastructure in Presidential Policy Directive-21, in which energy infrastructures were described as
“uniquely critical”

Presidential Policy Directive-212

In February 2013, the President broadened the national effort to strengthen and maintain secure, functioning, and resilient
critical infrastructure by issuing Presidential Policy Directive-21, Critical Infrastructure Security and Resilience. The directive
applies to all critical infrastructures, but calls out energy infrastructures as being “uniquely critical” due to the enabling
functions they provide across all other critical infrastructures. This document goes on to define resilience as”the ability to
prepare for and adapt to changing conditions and withstand and recover rapidly from disruptions. Resilience includes the
ability to withstand and recover from deliberate attacks, accidents, or naturally occurring threats or incidents.” Threats

may include natural or human-made hazards, such as hurricanes or physical threats. The consequences of these hazards to
infrastructure broadly affect social welfare. They go beyond the ability of a system to operate and address the vitality of our
national safety, prosperity, and well-being.

¢ The White House Office. “Presidential Policy Directive 21 - Critical Infrastructure Security and Resilience” February 12, 2013.
http://www.whitehouse.gov/the-press-office/2013/02/12/presidential-policy-directive-critical-infrastructure-security-
and-resil. Accessed February 2, 2015.

TS&D infrastructures—key components of the Nation’s energy systems—include approximately 2.6 million
miles of interstate and intrastate pipelines, 142 operable refineries, about 642,000 miles of high-voltage
transmission lines, and almost 6.3 million miles of electricity distribution lines.! These vast energy TS&D
networks reliably deliver electricity, transportation fuels, and heat to more than 300 million American
consumers daily and provide industry with feedstocks for a large range of products. The U.S. bulk electric
power transmission system, for example, had high availability (97-98 percent) during the period from 2008 to
2013.% In less than one decade, the U.S. natural gas and oil TS&D infrastructures have successfully connected
significant new sources of supply to processing facilities and consumers. In addition, in just a few short years,
ethanol has moved from a niche fuel to 10 percent of the Nation’s gasoline supply, supported by a TS&D
system that has been flexible enough to accommodate this growth.

The imperative for resilient TS&D infrastructures going forward is to maintain the high performance of the
existing systems; to continue to accommodate significant growth in domestic supplies; and to manage and
adapt to new technologies, threats, and vulnerabilities in cost-effective ways. These vulnerabilities are growing
and exacerbated by climate change.

In addition, TS&D infrastructures are becoming increasingly interdependent and interconnected. These
extremely complex systems consist of physical TS&D facilities (such as transmission lines, pipelines, and
storage facilities); cyber-dependent communications or control networks; roadways, railways, and waterways;
and human decision makers (such as consumers, legislators, investors, and CEOs).>* A key interdependency
(and vulnerability) for all sectors and critical infrastructures is reliance on electricity, making its reliability a
fundamental need and requirement economy-wide.
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The private sector, states, and Federal Government all play crucial roles in ensuring that TS&D infrastructures
are reliable, resilient, and secure. Responsibility for resilience, reliability, and safety of privately held TS&D
infrastructure lies mostly with the state public utility commissions and other state energy regulators, but

also with Federal regulators such as the Federal Energy Regulatory Commission, the Nuclear Regulatory
Commission, and the Department of Transportation’s Pipeline and Hazardous Materials Safety Administration.
Given the national significance of these infrastructures to interstate commerce and the economy, the Federal
Government regulates aspects of their operation and has other emergency authorities that it exercises in the
public interest. Communication, coordination, and cooperation among all of these entities, in the exercise

of their respective responsibilities, is essential. Key Federal emergency responsibilities relevant to energy
infrastructure are highlighted in Appendix D.

e Reliability refers to the ability of a system or its components to operate within limits so that instability, uncontrolled
events, or cascading failures do not result if there is a disturbance, whether the disturbance is a disruption from outside
the system or an unanticipated failure of system elements. Reliability is also used by industry to mean that a system’s
components are not unexpectedly failing under normal conditions.

e Resilience refers to the ability of a system or its components to adapt to changing conditions and withstand and
rapidly recover from disruptions. To the extent that actions improve a system’s ability to withstand disruptions,
they might be characterized as enhancing reliability, or resilience, or both. The ability to recover from a disturbance,
however, is specific to resilience.

e Safety refers to achieving an acceptably low risk to life and health in the design, construction, operation, and
decommissioning of a system. That level of risk is determined by taking into account the magnitude of potential
consequences, the probability of those consequences occurring, and the costs of risk mitigation.

e Security refers specifically to the ability of a system or its components to withstand attacks (including physical and
cyber incidents) on its integrity and operations. It overlaps, in part, with the concepts of reliability and resilience.

The Impacts of Disruptions on Energy TS&D Infrastructures

Disruptions of TS&D infrastructures have serious consequences for the Nation and many regions of the
country. Extreme weather and climate change is a leading environmental risk to this infrastructure. Low-
probability, extremely high-consequence events, such as geomagnetic distrubances, must also be anticipated
and managed. Figure 2-1 shows the regional distribution of various natural disasters in the contiguous 48
states.
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Figure 2-1. lllustration of Tornado and Hurricane Tracks, Wildfires, Earthquakes, and Coastal Inundation®
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This figure maps the regional distribution of major natural disasters to help visualize regional vulnerabilities. This visualization shows the lower 48
states, but analysis was also completed on Alaska and Hawaii.

Energy Infrastructure Damage from Hurricane Sandy®

Hurricane Sandy made landfall in New Jersey and New York, as a post-tropical cyclone, on October 29, 2012. The storm destroyed
neighborhoods along the coast and directly or indirectly killed at least 159 people. At its peak, it knocked out power to 8.66 million
customers from North Carolina to Maine and as far west as lllinois and Wisconsin. Sandy's impact on the region’s petroleum
infrastructure was severe, with flooding and power outages at refineries, pipelines, and petroleum terminals in the New York Harbor
area, leading to depressed petroleum product supply in the Northeast and stock drawdowns and temporary price increases. Nearly 2
weeks after the storm, product deliveries (outflows) from petroleum product terminals in the New York Harbor had returned to only
61 percent of their pre-storm levels. Breaks in natural gas lines caused fires in some locations, resulting in the destruction of many
residences. The supply issues at New York Harbor terminals, combined with power outages at retail fueling stations, led to widespread
gasoline shortages in the New York City area in the weeks after landfall. This was largely caused by flooding damage to major terminals
and docks in the Arthur Kill area of New Jersey. As a result, portable generators sat unused and lines at fueling stations were long
and problematic, while consumers struggled to identify which gas stations had power and were operational. Significantly, these fuel
shortages delayed first responders and other response and recovery officials.

b Department of Housing and Urban Development. “Hurricane Sandy Rebuilding Strategy.” p. 24. Hurricane Sandy Rebuilding
Task Force. http://portal.hud.gov/hudportal/documents/huddoc?id=hsrebuildingstrategy.pdf.
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Natural disasters, equipment and maintenance failures, and physical attacks come at a significant cost. A
National Research Council study looking at the 2003 blackout that affected the Midwest, the Northeast,
and Canada concluded that “the economic cost of the 2003 blackout came to approximately $5 per forgone
kilowatt-hour, a figure that is roughly 50 times greater than the average retail cost of a kilowatt-hour in

the United States.” Data suggest that electricity system outages attributable to weather-related events are
increasing, costing the U.S. economy an estimated $20 billion to $55 billion annually.”

In the United States, there were 11 individual weather disasters costing $1 billion in 2012, second only to 2011
for the most on record.® Insurance data identifies almost $22 billion in total losses from a range of weather
events in 2013, excluding self-insured losses.’

Extreme weather events resulting in more than $1 billion in damages are increasing, as seen in Figure 2-2.
The damages represented in this figure are broader than energy infrastructure; these trends, however, must be
considered in future energy infrastructure policy.

Figure 2-2. Billion-Dollar Disaster Event Types by Year'® ¢
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Costly weather-related disasters have been increasing in frequency over the past decade.

Extreme weather has a range of impacts on TS&D infrastructure. The severity of hurricane impacts on

all energy infrastructure is highlighted in Table 2-1. Heat waves—also extreme weather events—affect
electric TS&D infrastructure in several ways, including reducing the efficiency of electric transmission and
distrubution circuits; increasing the load on the grid associated with additional demand for air conditioning;
and reducing the efficiency of cooling at thermal power plants that can result in lower power plant output."
Drought and extreme cold pose challenges to TS&D infrastructure by, for example, impeding barge transport
of energy products. Drought also decreases the water available for natural gas processing."

¢ Data from all original events were adjusted for inflation (using the Consumer Price Index, to 2014 dollars), prior to identifying events
that exceeded $1 billion in damages. Caution should be used when interpreting long-term trends; data quality improves over time.
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Continued increases in extreme weather can cause multiple stresses to energy systems more broadly,
exacerbating direct effects on TS&D infrastructures. Sequential or compounded extreme weather events, such
as Hurricanes Katrina and Rita, can result in significant nationwide economic and safety consequences that
also affect TS&D infrastructures.

Table 2-1. Probability and Severity of Hurricane Damage to Liquid Fuels and Natural Gas Infrastructure ¢

Hurricane > Cat 3-5

Tropical Storm Hurricane Cat 1-2
A (38-73 MPH) (74-95 MPH, 96-110 MPH) 1(516? :vu1>|2-|9 1“1';"7"MPH)
Probability ~ Severity of  Probability  Severity of  Probability  Severity of
of Damage = Damage of Damage = Damage of Damage = Damage
Loss of Electrical Power Med-High High Catastrophic
gllgltffg:‘nliexico Insignificant Med-High Med-High Major
Pum_ping/Compressor Low Insignificant Med-High Major
Station
Pipelines Low Insignificant Low-Med Interrupting Med-High Major
Rail Low Insignificant Low-Med Interrupting Med-High Major
Ports Low Insignificant Med-High High Catastrophic
Crude Tank Farm Low Insignificant Low-Med Interrupting
Refineries Low Insignificant Med-High Major
Natural Gas Plants Low Insignificant Med-High Major

Product Storage

Terminals Low Insignificant Interrupting Med-High Major
Propane Tanks Low Insignificant Low Insignificant Low Insignificant
Underground Storage Low Insignificant Low Insignificant Low Insignificant
LNG Terminals Low Insignificant Med-High

Local Gas Distribution Low Insignificant Med-High

Filling Stations Low Insignificant Med-High

SPR/NEHHOR Low Insignificant Low-Med Interrupting

This table is an example of infrastructure damage from natural disasters (here showing tropical storms and hurricanes). For three ranges of intensity
of tropical storms and hurricanes, the severity of probable damage was rated qualitatively using a 5-point scale (i.e., minor, interrupting, significant,
major, and catastrophic). These ratings were based on the extensive review of impacts from past events and judgment of industry experts.

4 Damage severity is defined by ease of recoverability. Infrastructure damage categorized as minor includes damage that can be
resolved with no outside help (i.e., clearing downed trees). Interrupting damage is associated with damage that probably requires
outside assistance to repair. Recovery from significant damage is problematic and causes minor delays. Major damage requires
replacements to resolve and causes major delays. Damage defined as catastrophic disrupts infrastructure for months, in addition to
requiring rebuilding.
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As a result of greater awareness of the direct and indirect effects of climate-change-related extreme weather,
there has been growing interest in understanding and reducing the impacts of disruptions. There is evidence
that pre-disaster hardening of critical energy infrastructures could help save lives and reduce economic losses
to individuals, businesses, insurers, states, and the Federal Government. A statistical study of 5,500 Federal
Emergency Management Agency mitigation grants awarded between 1993 and 2003, while not specific

to energy, found that the benefit-cost ratio for mitigation investments was about 4:1."* In order to spend
investment dollars more wisely, it is essential to focus on modernizing TS&D infrastructures at the same time
that they are being hardened.

A barrier to progress on understanding and reducing the impacts of disruptions on TS&D infrastructures is
that frameworks, tools, and metrics for assessing and prioritizing energy infrastructure resilience, reliability,
and security actions and investments vary widely across industries and government agencies.'>* While
resilience measures may be well-tailored for specific industries and sectors, they are not designed to aid
policymakers and regulators in understanding current vulnerabilities; in deciding where to focus efforts and
investment to increase resilience, reliability, and security; or in determining degrees of resilience that are
needed. At the regional level, the lack of commonly used analytical methods for determining the appropriate
level of resilience, as well as what resilience projects are prudent, can lead to difficulty in determining which
resilience projects should be recoverable in rates.

The sections that follow analyze the vulnerabilities to disruption of each major TS&D infrastructure sector—
electricity, natural gas, and liquid fuels—as well as the dependencies and interdependencies that could magnify the
effect of any given disruption. There is substantial variability in the impact of natural threats on TS&D infrastrcutures,
depending on the region in which they are located and on vulnerabilities inherent in the infrastructures of each sector.

Resilience, Reliability, Safety, and Asset Security for the Electric
Grid: Analysis of Vulnerabilities

Resilience and reliability of the electric grid is essential to the economy and our way of life. Electricity
transmission is vulnerable to many of the same types of threats as electricity distribution, but each sector also
comes with discrete risks. Differences in risk arise from the purpose of the equipment, from technological
differences, and from regulatory aspects of transmission versus distribution systems. Analysis to inform the
Quadrennial Energy Review (QER) identified components of four categories of electricity TS&D'® that are
particularly vulnerable to hazards and ranked the vulnerabilities from low to high:

o Electricity Transmission: High vulnerability to physical attacks and wind; medium-high vulnerability
to earthquakes, wildfires, snow and ice, extreme heat, and geomagnetic storms.

o Electricity Substations: Medium-high vulnerability to cyber and physical attacks and geomagnetic
storms—Ilarge power transformers (LPTs) in such substations are a particular concern. A common
vulnerability for substations is flooding, and flood vulnerability has a relatively high probability.

o Aboveground Electricity Distribution: High vulnerability to wind; medium-high vulnerability to
earthquakes, physical attacks, wildfires, and snow and ice.

« Control Centers: Medium-high vulnerability to cyber and physical attacks.

¢ RAND documented 172 resilience metrics in peer-reviewed literature, and many others exist outside the literature, specific to single
industries or even individual companies. There appear to be fewer metrics for liquid fuels and natural gas infrastructure than for
electricity—this literature review found 105 metrics specifically related to electricity systems and only 67 for natural gas and oil.
Existing metrics appear abundant for assessing resilience at the facility or system levels, but RAND found only 30 assessing regional
or national resilience, many of which dealt with market factors rather than system performance. RAND also found that most metrics
related to elements of disruption mitigation rather than system outcomes.
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Weather-Related and Other Reliability Vulnerabilities

Historically, weather-related disturbances are the leading source of grid outages. For a 5-year period from 2008
to 2012, estimated costs of weather-related power outages ranged from $107 million to $202 billion."” Weather-
related disturbances have a far greater impact on grid reliability—measured in terms of customer interruption
hours—than component failures, physical attacks, and cyber incidents combined (see Figure 2-3).

Figure 2-3. Left Figure: Electric Disturbance Events, January 2011-August 2014; Right Figure: Customer Hours
Affected by Electric Disturbance Events, 2011-August 2014'®
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While weather was responsible for less than half of all reported incidents, weather accounted for the vast majority of customer interruption hours
from 2011 to 2014. Not all reported events (shown on the left), such as voltage reductions and public appeals, result in actual customer outages
(shown on the right).

The frequency and severity of certain types of extreme weather events have led to greater vulnerabilities for
electric transmission and distribution systems.'” Recent Department of Energy (DOE) analysis®* examining the
effects of climate change on infrastructure exposure to storm surge and sea-level rise found that vulnerabilities
are likely to increase for many energy sector assets, including electricity. Figure 2-4 illustrates that, under the
highest sea-level rise scenario from the National Climate Assessment,* by 2030 the number of electricity
substations in the Gulf of Mexico exposed to storm surge from Category 1 hurricanes could increase from 255
to 337. Projected sea-level rise by 2050 would increase the number to roughly 400. Any significant increase

in hurricane intensities in a warmer climate would greatly exacerbate exposure to storm surge and wind
damage. Another important factor is current and projected development patterns, which is expected to have a
larger effect on energy infrastructure vulnerability than rising sea levels, particularly in regions where energy
distribution infrastructure is being built to serve growing populations in exposed coastal areas.*?
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Figure 2-4. Gulf Coast Electricity Substation Facilities’ Exposure to Storm Surge under Different Sea-Level Rise
Scenarios? 24t 9
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Sea-level rise increases the vulnerability of electricity substations to inundation caused by hurricane storm surge. Future vulnerabilities correspond
with a high-end sea-level rise scenario of 10 inches in 2030, 23 inches in 2050, and 32 inches in 2060. The baseline vulnerability corresponds with
sea levels in 1992.

Other extreme weather events that are projected to increase with climate change and have regional and
possibly national-scale impacts include extreme heat waves, droughts, and wildfires that can damage
electricity infrastructure or reduce transmission efficiency. U.S. temperatures are projected to continue rising
in the coming decades.” Electricity transmission and distribution systems carry less current and operate

less efficiently when ambient air temperatures are higher.” Case studies indicate that sudden, extreme heat
can cause transformers to malfunction or stop working.”” Increasing temperatures also will likely increase
electricity demand for cooling, which could increase utilization of transmission and distribution systems
during peak demand periods. Increasing air and water temperatures also reduce the efficiency of power
plant cooling, which increases the risk of partial or full shutdowns of generation facilities and loss of the grid
services that they provide during heat waves.”

—

The Platts Electric Substation data contains point features representing a total of 55,819 electric transmission, sub-transmission, and
some distribution substations in North America. These substations can be located on the surface within fenced enclosures, within
special purpose buildings, on rooftops (in urban environments), or underground.

[

Areas inundated by hurricane storm surge do not account for local land subsidence, which will further increase the exposure of
infrastructure in this region. Note that 2030, 2050, and 2060 vulnerabilities correspond with 10 inches, 23 inches, and 32 inches of
sea-level rise, respectively. Zero sea-level rise corresponds with sea levels in 1992.
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Drought is also problematic. In 2014, California experienced its third driest year in 119 years of record
keeping.” As a consequence, California hydroelectric generation—and the use of hydroelectric power for load
leveling and energy storage—was significantly reduced. In June 2014, California hydroelectric generation was
only 59 percent of the June average of the preceding 10 years.* In addition, annual temperature profiles can
impact the timing of water availability.*! A rapid spring thaw of the snowpack can overload reservoir capacity
and lead to lost energy. Increasing frequency and severity of wildfires (also linked to droughts), particularly
in the West, may damage electricity transmission and distribution infrastructure (such as utility poles, lines,
transformers, and substations) and lead to power outages.**

Physical Attacks, Geomagnetic Disturbances, and Cyber Incidents: High-
Consequence, Low-Probability Events

In addition to the impacts of severe weather and climate change, the electric grid is vulnerable to other events,
including malevolent acts—such as physical attacks and cyber incidents—and geomagnetic disturbances.

Large Power Transformers Vulnerable to Attacks

LPTs can weigh hundreds of tons, are expensive, and are typically custom made with procurement lead times
of 1 year or more.” In addition, due to their size and weight, moving LPTs presents logistical challenges
requiring specialized equipment, permits, and procedures (see Chapter V, Improving Shared Transport
Infrastructures, for more discussion of logistics challenges).

The loss of critical LPTs can result in disruptions to electricity services over a large area. Such a loss could be
due to the customized nature of the components and the associated manufacturing requirements, as well as
physical attacks (such as the Metcalf incident), natural hazards (such as geomagnetic disturbances, discussed
below), or extreme weather (such as floods, salt water corrosion, and sudden heat waves). In the Metcalf attack
on a substation in California, “multiple individuals outside the substation reportedly shot at the [high-voltage]
transformer radiators ... causing them to leak cooling oil, overheat, and become inoperative*

The United States has never experienced simultaneous failures of multiple high-voltage transformers, but such
an event poses both security and reliability concerns. The Edison Electric Institute, seeking to manage such
vulnerabilities, has established a Spare Transformer Equipment Program, enabling utilities to stockpile and
share spare transformers and parts. The inventory under this program is not large enough, however, to respond
to a large, coordinated attack. Transformer design variations and the logistical challenges associated with their
movement pose additional challenges to maximizing the effectiveness of the program. A National Research
Council study referring to this effort noted that “.. The industry has made some progress toward building an
inventory of spares, but these efforts could be overwhelmed by a large attack” and that “it alone is not sufficient
to address the vulnerabilities that the United States faces in the event of a large physical attack.”*

The National Research Council study further included as its number one recommendation that the
Department of Homeland Security (DHS) should work with DOE and industry to “develop and stockpile

a family of easily transported high-voltage recovery transformers and other key equipment.” The study
acknowledged that the costs and benefits are hard to estimate, but noted that the benefits of such a stockpile
would be “many times [the] cost” if available to respond to an event.* The Western Area Power Administration
proposed a strategic transformer reserve pilot program and included a calculation of costs. Under this
program, the Federal Government would purchase 110 large transformers at a cost of $324 million to provide
backup units for the roughly 20,000 LPTs nationwide in emergency events. The Federal Government could
mitigate the cost of the program by sharing the burden with industry. The benefits would accrue to the entire
national grid (valued at more than $1 trillion) and directly to the U.S. economy by avoiding outages.
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Large Power Transformers: Lack of “Off-the-Shelf” Options Could Impact Reliability"

Sometimes the challenge of completing infrastructure investment is dependent on the time and schedule associated with the
manufacturing of large power transformers. The Western Area Power Administration experienced this situation with its most
recent transformer procurement and installation. Scheduled delivery of this transformer was planned to be 1 year ahead of a
critical deadline. In December 2013—13 months before the deadline—the transformer failed during testing in the factory.
This resulted in an initial 4-month delay to the expected delivery date. The transformer was rebuilt and delivered to the site,
but was compromised due to contamination. This required returning the transformer to the factory for further inspection and
corrective measures. In the factory, the transformer was refurbished and ultimately passed factory testing 10 months after the
original delivery date. Delivery to the site, final assembly, and onsite testing and commissioning was completed 1 year after
the original scheduled in-service date. While the deadline for commercial operation was ultimately met, there was no room for
error and significant uncertainty in the ability to meet the critical service deadline. The lack of off-the-shelf transformer options
and industry practice of as-needed manufacturing is an ongoing concern.

" Email communication between Western Area Power Administration and Department of Energy, Office of Energy Policy and
Systems Analysis staff. March 26, 2015.

The use of smaller, less-efficient, temporary replacement transformers may be appropriate for emergency
circumstances. In 2006, the Electric Power Research Institute suggested building compact “restoration
transformers” that would fit on large cargo aircraft and trucks.” Since then, DHS’s Recovery Transformer
Program has developed and tested a flexible transformer that is transportable by truck and can be installed
within several days of an incident. These technologies could help address logistical concerns with moving large
transformers in the event of disruptions.

Geomagnetic Disturbances

Geomagnetic storms are another high-consequence hazard for the electric grid that presents concerns

due to the increasing reliance of many critical infrastructures on grid functions. These storms arise when
charged particles and magnetic fields ejected from the Sun interact with Earth’s magnetic field. The resulting
geomagnetically induced currents create a significant threat to the reliability of the interconnected grid across
North America. Though the probability of an extreme geomagnetic storm is relatively low in any given year, the
occurrence is almost inevitable at some point in the future. Geomagnetic storms have the potential to damage
transformers and other critical grid assets over large geographical areas. A geomagnetic storm in 1989 resulted
in a blackout in Montreal and most of the Province of Quebec. In October 2003, an intense geomagnetic
storm caused a blackout in Malmo, Sweden, and damaged several transformers in South Africa. Economic
and societal costs attributable to impacts of geomagnetic storms could be very large. A 2013 Lloyds of London
report indicated that geomagnetic disturbances could cost the economy as much as $2.6 trillion and take 1 to 2
years for a full recovery® (to put this in perspective, the Northeast blackout in 2003 was estimated to have cost
between $4 billion and $10 billion).

Cyber Incidents

As seen in Figure 2-3, from 2011 through 2014 there were few reported cyber incidents on the electric grid and
none reported that resulted in system outages. Cyber threats to critical infrastructure, though, are increasing.
More than half of the cyber incidents to which DHS’s Industrial Control Systems Cyber Emergency Response
Team responded in 2013 related to energy installations.”® Cyber events have the potential to cause significant
and far-reaching problems on the power system.*” Administration actions on cybersecurity are discussed in
greater detail on page 2-37.
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Electricity TS&D Vulnerabilities Vary by Region

While all regions of the country are susceptible to certain weather-related disruptions, grid TS&D infrastructure
in three regions is expected to be particularly vulnerable to climate change and extreme weather events:*!

Southeast: Due to increasing temperatures, heat waves, and humidity, the Southeast is expected to require
the steepest growth in electricity transmission and distribution to meet cooling demand.* The region also
is exceptionally vulnerable to sea-level rise and hurricanes (see Figure 2-4); challenges that are exacerbated
by growing coastal populations.*

Southwest: Climate changes pose particular challenges for the Southwest, which is expected to get hotter
and significantly drier; the regional population also is expected to increase 68 percent by 2050, further
increasing electricity transmission and distribution load to meet higher cooling demands.*** The increased
frequency and severity of wildfires are expected to have significant impacts on electricity transmission and
distribution in the Southwest. In 2007, due to a wildfire, San Diego Gas & Electric and Southern California
Edison had to reduce their electrical loads by 500 megawatts, nearly 80,000 customers lost power, and more
than two dozen transmission lines were out of service with damage to 35 miles of wire.*

Atlantic and Gulf Coasts: Due to land subsidence, rising sea levels and shifts in ocean currents, heavier
downpours, and the potential for more intense hurricanes in the future, coastal infrastructure in these
regions is increasingly exposed to erosion, flooding, storm surge, and damage from high winds. Coastal
development patterns that do not take these trends into account increase the vulnerabilities in these regions.
Hurricanes Katrina and Rita combined downed more than 85,000 utility poles, 800 distribution substations,
and thousands of miles of transmission and distribution lines, leaving more than 3.5 million customers
along the Gulf Coast (especially in Louisiana, Mississippi, Florida, and Texas) without power at the height of
the disruptions.” As another example, 75 percent of the net annual power generation in the New York City
metropolitan region comes from 27 power stations that lie in the Federal Emergency Management Agency
100-year flood zone, a vulnerable position for a vast proportion of the regions energy infrastructure.

Dependencies of the Electricity Grid on Other TS&D Systems

As noted, all critical infrastructures depend on electricity; the electric grid also depends on other energy and
related infrastructures within the scope of the QER. Coal, natural gas, and, to a limited extent, petroleum

are used as fuels for power generation; the systems that move these fuels to generators are critical to the

grid. Natural gas demand for power generation is expected to grow 30 percent by 2030, making electricity
generation increasingly dependent on natural gas supply and transmission systems.** Generation from
petroleum was only 0.6 percent of the total in 2013, but dual-fueled (natural gas and petroleum) plants in
the Northeast increased electricity reliability in the winter of 2013-2014 when the extreme cold of the polar
vortex threatened to constrain natural gas supplies. Power generation from coal is dependent on shared
transportation infrastructures, especially rail; this dependency is discussed in greater detail in Chapter V
(Improving Shared Transport Infrastructures).

Other key dependencies of the electric power sector include the following:

o The use of liquid fuels to power vehicles to repair and service transmission and distribution lines.

» Road, barge, and rail transportation networks used to deliver fuels, including liquefied natural gas for
peaking facilities, and equipment supplies to generation stations.

« Transportation of LPTs, challenging because their large dimensions and heavy weight pose unique
requirements to ensure safe and efficient transportation. Water is used for cooling and to reduce emissions.

« Natural gas, propane, and diesel to provide fuel for microgrids.

« Supervisory control and data acquisition and energy management systems that are essential to
operations.
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Actions for Managing Grid Vulnerabilities

Options for managing the vulnerabilities of the electric grid span a wide range of technological sophistication.
To date, activities and investments have been primarily at the lower end of the technology range, focused on
bulk changes in physical infrastructure, such as building physical barriers or moving equipment, building
backup systems, building non-wooden or reinforced poles, and burying lines underground.* Reliability and
resilience projects have also included operations and maintenance activities, such as aggressive vegetation
management. While it might be considered low-tech, vegetation management is an essential activity; both the
1996 West Coast and 2003 East Coast-Midwest power outages started from trees along transmission lines.

A growing number of options for managing grid vulnerabilities to extreme weather use new technologies like
smart meters and automated switching devices that allow for much quicker recovery times from disruptions.
Microgrids and distributed generation technologies also provide options for improved resilience during storms.*

Incorporation of newer technologies is happening slowly. For example, about 90 percent of recent resilience
project funds, in response to Hurricane Sandy, were spent on bulk infrastructure changes and additional
operations and maintenance activities rather than on upgrading infrastructure components with advanced
smart grid technologies.” Some utilities are doing more than bulk infrastructure changes. After Hurricane
Sandy took out ConEdison’s substation on the lower East Side, helping to throw lower Manhattan into
darkness, for example, the utility’s plan of action included construction of walls and barriers; installation of
pumping equipment and submersible network equipment; and the deployment of smart grid tools to enhance
network flexibility in emergencies.*

Barriers to Managing Electric Grid Vulnerabilities

As an integral part of risk management, utilities have proposed and completed projects to harden their
infrastructures against wind and flood damage for many years; several state public utility commissions have
issued rulemakings and other regulatory instructions related to electricity infrastructure resilience and
hardening since 2005.> Yet, in some cases, procedural barriers to cost recovery for addressing vulnerabilities
remain.

Rate-based cost recovery for repair of damages already incurred by storms and for future long-term
investment programs remains the most common mechanism for paying for these damages. The criteria,
process, and timing of this cost recovery vary widely between states. For example, states such as Oklahoma,
New Hampshire, and Connecticut allow resilience project cost recovery through surcharges or other rate-
adjustment mechanisms that allow utilities to immediately rate base their expenditures rather than waiting
for the next rate case. Many states, however, have prohibitions against single-issue ratemaking, meaning that
a utility that does not have a general rate case scheduled in the near future would have no recourse to recover
its costs for resilience measures, perhaps for years.* Investments in efficiency and distributed generation

are increasingly recognized as viable strategies for improving energy system resilience (see Chapter III,
Modernizing the Electric Grid); for example, the New York State Department of Public Service recently
approved such projects as part of a broader rate case focused on hardening and resilience.*

Beyond procedural barriers, there are problems with inadequate information and tools with which to manage
for resilience. Quantitative measures of adequacy of resilience investments, or even a commonly accepted
method for determining the appropriate level of resilience at either the transmission or distribution level,

do not exist. For example, while the North American Electric Reliabilty Corporation develops and enforces
mandatory reliability standards applicable to the bulk electric system (subject to Federal Energy Regulatory
Commission review, approval, and independent enforcement authority) and, more recently, physical security
and geomagnetic disturbance standards, there are no mandatory standards in place that speak directly to grid
resilience against natural disasters. In addition, there is no common, generally accepted analytical method of
determining whether it is prudent to implement alternative resilience projects.*
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Distribution hardening projects are separately planned on a utility-by-utility basis; data are not systematically
reported, which makes any central coordination difficult in the event of a large-scale regional or national
problem. Resilience project metrics and analysis methods typically are defined on a locality-by-locality basis,
starting with risk-assessment modeling of, for example, flooding or wind damage. The analysis may incorporate
specific critical infrastructure, population, vulnerability, and duration to quantify the risk reduction and
economic cost-benefit of alternative resilience projects.”” Methods for analyzing the potential economic impact
of weather-related damage is a topic of ongoing development,*® and data for performing this analysis can be
insufficient.”

The power industry’s resilience-related risk assessments largely focus on physical and cybersecurity—rather
than extreme weather and climate change—and currently rely on information from the Federal Government.
Incomplete or ambiguous threat information may lead to inconsistency in physical security among grid
owners, inefficient spending of limited security resources at facilities (e.g., to address overestimated

threats), or deployment of security measures against the wrong threat. For example, while physical barriers
could protect against one particular type of attack, incorporation of better communication technologies
could simultaneously reduce vulnerabilities to multiple forms of risks, such as physical and cyber threats,
geomagnetic disturbances, electromagnetic pulses, and natural disasters.” The Federal Government can fill
gaps in creating data sets, tools, and assessments that provide a more complete and robust analytical approach
to measuring resilience needs and investments. It can also step in where the utility industry is not well-
positioned to make significant investments—such as where new, innovative technologies can be introduced,
but they face barriers to cost recovery in the rate base.

Administration Initiatives on Electric Grid Resilience

The Build America Investment Initiative. This initiative is an interagency effort led by the Departments of Treasury and
Transportation to promote increased investment in U.S. infrastructure, particularly through public-private partnerships. The
Department of Energy has participated in the effort and included several recommendations related to resilience of the electricity
sector that focus on data, information, and analytical tools. The initiative establishes an electricity resilience information portal
at the Department of Energy to provide data, tools, and best practices to support investment in resilient electricity infrastructure;
improve electricity sector data availability and data standardization; develop analytical tools to evaluate the potential impacts
of climate change in assessments of electricity resilience investments; create standard metrics to account for the benefits

of resilience in electricity infrastructure investment decisions; and establish a resilience course to educate state and local
stakeholders on robust decision making related to new infrastructure.

Coordination and Outreach to Reduce Vulnerabilities of the Grid to the Loss of Large Power Transformers. The
Administration has made it a priority to work with industry to identify challenges and create solutions for increasing the security
and resilience of the electric grid, including the development of an integrated national plan to mitigate challenges pertaining to
aging power transformers, the cyber and physical security of transformers, and the vulnerabilities of large power transformers.
The Administration is working with trade association leadership and the private sector to improve the coordination of existing
and planned transformer-sharing programs and to identify solutions for transformer replacement capabilities as part of its
efforts to enhance the resilience of the Nation’s electric grid. These efforts will be part of a formal national strategy (planned for
release in 2015) for strengthening the security and resilience of the entire electric grid for threats and hazards. In its Recovery
Transformer Program, the Department of Homeland Security’s Science and Technology Directorate has developed, tested, and
demonstrated a prototype rapidly deployable extra high-voltage transformer that is transportable by road and can quickly be
installed within several days of an incident.

Enhancing Grid Resilience to Geomagnetic Storms. Ensuring that the United States is prepared to respond to and
recover from severe space weather storms is a priority for the Administration. In November 2014, the Administration established
an interagency Space Weather Operations, Research, and Mitigation Task Force. The Task Force is developing a National

Space Weather Strategy with high-level strategic goals for improving forecasting, evaluating impacts, and enhancing national
preparedness (protection, mitigation, response, and recovery) across all economic sectors to a severe space weather event.
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Administration Initiatives on Electric Grid Resilience (continued)

In addition, a Space Weather Action Plan, coordinated across numerous Federal departments and agencies, will establish
actions, timelines, and milestones for implementation of the national strategy. Both the strategy and the action plan will be
complete in 2015. In addition to this work, the President’s Fiscal Year 2016 Budget requests $10 million to conduct research
to better understand the risks that ground-induced currents from geomagnetic storms or electromagnetic pulses could have on
large power transformers. Also, in June 2014, the Federal Energy Regulatory Commission adopted the new reliability standard
(EOP-010-1) developed by the North American Electric Reliability Corporation to mitigate the impacts of geomagnetic
disturbances that can have potentially severe, widespread effects on the operations of the U.S. power system. The standard
specifically addresses implementation of operating plans and procedures to mitigate effects of geomagnetic disturbances for
reliability coordinators and transmission operators. This standard is in response to the Federal Energy Regulatory Commission’s
May 2013 final rule (Order No. 779) in which it directed the North American Electric Reliability Corporation to develop
geomagnetic disturbances vulnerability standards in two phases. The second phase of pending standards will provide more
comprehensive protections by requiring applicable entities to protect their facilities against a benchmark geomagnetic
disturbance event.

Resilience, Reliability, Safety, and Asset Security of Natural Gas
TS&D Infrastructure: Analysis of Vulnerabilities

The physical or operational vulnerabilities of natural gas TS&D infrastructures to threats vary among
infrastructure components. Though generally less vulnerable than electric power infrastructure, the natural gas
TS&D sector contains several components that could be ranked high in terms of their vulnerability to damage
and failure from a given hazard. These high-ranking components include natural gas transmission pipelines,
compressor stations (which provide the pressure needed to move gas through pipelines), and distribution
systems. Disruptions of these components could result in significant infrastructure outages.

Pipeline and Storage Vulnerabilities

The vulnerability of natural gas pipelines is dependent on the type of pipeline. Offshore pipelines, from the
perspective of natural threats, are most vulnerable to damage to platforms and risers from storms; during
Hurricanes Katrina and Rita, the majority of the oftshore pipeline damage occurred at or near platform
interfaces. Onshore pipelines are vulnerable to landslides and earthquakes. Extreme cold temperatures
adversely affect natural gas well production and the associated infrastructure; for example, when extreme cold
in the southwestern United States in early February 2011 curtailed more than 7 billion cubic feet per day of
natural gas production due to well freeze-offs (see more discussion of this on page 2-25).°

Another area of concern is aboveground pipelines in Alaska, which are becoming increasingly vulnerable

to climate change and its associated temperature increases. This is contributing to the thawing of the
permafrost, affecting the foundations of infrastructure, contributing to pipeline displacements, and increasing
requirements for operations and maintenance.® Permafrost thawing could have serious implications for
Alaska’s energy infrastructure, such as the Trans-Alaska Pipeline System, transmission lines, fuel storage tanks,
generators, and other large energy infrastructure. It is estimated that permafrost thaw could add between $3.6
billion and $6.1 billion (10 percent to 20 percent) to current costs of maintaining public infrastructure—such
as buildings, pipelines, roads, and airports—over the next 20 years.*
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Although pipelines above and below ground represent a highly dispersed element of the energy system that,
like electric transmission lines, are difficult to protect, the underground portion of pipelines generally are
difficult for non-professionals to locate; this reduces the possibility of physical attacks. The exception for
pipeline systems is aboveground compressor stations. In addition, depending on their severity, earthquakes
could have a major or catastrophic impact on both transmission and distribution pipelines (discussed later in
this chapter; see Table 2-5).

There have been cyber incidents on natural gas systems, notably between February and March of 2013.
During this time period, there were brute force attacks (i.e., efforts to obtain passwords and personal
identification numbers) on a natural gas compressor station, resulting in a warning from DHS to gas system
and other critical infrastructure operators. This alert prompted reports of similar activities, broadly from
gas system operators in the Midwest and the Plains. These attacks, while unsuccessful, continued for over

2 weeks. Vulnerabilities affecting natural gas resilience and reliability likely will grow given the increasing
reliance of natural gas infrastructure on electricity and other electricity-dependent infrastructures, such as
telecommunications.

In 2012, there were 414 underground natural gas storage sites in the United States.® Three-hundred-eighty
of the facilities were primarily used to meet seasonal winter demand; the remaining facilities are high-
deliverability facilities used to inject and flexibly withdraw large natural gas volumes over short periods.

In general, natural gas underground storage is minimally susceptible to natural hazards. Underground gas
storage facilities are well protected from accidents or malicious acts and generally insensitive to natural events,
such as earthquakes, owing to the depth of underground storage and the design of the systems connecting the
storage to the surface.® However, the U.S. natural gas profile could change the economics of gas storage. Shale
gas production has increased and gas price volatility has decreased; this may diminish economic incentives for
storage.

Enhancing Natural Gas Transmission and Distribution Pipeline Safety

There were approximately 315,000 miles of transmission and gathering pipelines and a transmission capacity
of approximately 443 billion cubic feet per day in the U.S. natural gas pipeline network in 2011. They form the
backbone of the gas transmission infrastructure system and deliver natural gas directly to many high-volume
customers, such as industrial plants and gas-fired electric generation. In 2013, the United States had 1,437
distribution systems comprised of more than 2.1 million miles of distribution lines, delivering gas from high-
pressure pipelines to more than 68 million residential and 5 million commercial customers.”

Transmission Pipeline Safety

Operators of transmission pipelines and gathering lines have fewer requirements than distribution lines to
ensure pipeline integrity and safety through damage prevention programs, routine inspection, leak detection,
and the development of integrity management plans.®® Work should continue to develop industry standards
to ensure that there is a systematic research program led by industry for external leak detection on natural gas
transmission pipelines and that there are updated best practice standards in this area.®
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Administration Initiatives on Pipeline Safety

Transmission pipeline safety. The Obama Administration’s Department of Transportation and the Pipeline and Hazardous
Materials Safety Administration first responded to concerns about transmission pipeline safety by issuing a “call to action” on
pipeline safety in 2011. Congress also responded to the same concerns by passing the Pipeline Safety, Regulatory Certainty,
and Job Creation Act of 2011.' This act directed the Department of Transportation to reexamine many of its requirements,
including the expansion of integrated management plans for transmission pipelines. In addition, in 2011, the National
Transportation Safety Board recommended that the Pipeline and Hazardous Materials Safety Administration require all
operators of transmission and distribution natural gas pipelines to equip their pipeline monitoring systems with tools to assist
in recognizing and pinpointing the location of leaks.* The Pipeline and Hazardous Materials Safety Administration is currently
developing a proposed rule on integrity management for natural gas pipelines. Also, it continues to conduct and support
research to provide the technical and analytical foundation necessary for planning, evaluating, and implementing its pipeline
safety program. In addition, the Federal Energy Regulatory Commission has issued a policy statement' that will allow interstate
natural gas pipelines to recover certain expenditures made to modernize pipeline system infrastructure in a manner that
enhances system reliability, safety, and regulatory compliance.

Distribution pipeline safety. The Department of Energy, as part of the President’s Strategy to Reduce Methane

Emissions, convened a series of roundtable discussions with stakeholders (e.g., utilities, environmental groups, state officials,
and academics) in 2014 focused on reducing methane emissions from gas transmission and distribution systems. Some
stakeholders commented that it was both necessary and feasible to make further progress through additional efforts to
modernize natural gas infrastructure in ways that improve safety and reduce emissions. For example, replacement programs for
leak-prone pipelines achieve multiple benefits; they enhance safety, reduce methane emissions, and create jobs. One barrier to
public utility commission approval of surcharges for infrastructure modernization is that consumer advocates typically oppose
these mechanisms for cost recovery.™" Some stakeholders noted that infrastructure replacements could be more cost effective
and expeditious when state agencies and municipalities coordinate pipeline replacement with other public works projects
(i.e., in conjunction with water and telecommunications modernization efforts). At the final stakeholder roundtable meeting,
the Department of Energy announced a series of new initiatives that will help improve pipeline safety. Among them is a new
partnership with the National Association of Regulatory Utility Commissioners to provide technical assistance for gas.distribution
system modernization and a clearinghouse for related information on effective technologies and policy strategies.

I Department of Transportation, Pipeline and Hazardous Materials Safety Administration. “Pipeline Replacement Updates: Call
To Action.” http://opsweb.phmsa.dot.gov/pipeline_replacement/action.asp.

7 Regulatory Certainty and Job Creation Act of 2011, Public Law No. 112-90, 125 Stat. 1904 (2012).

k¥ National Transportation Safety Board and Department of Transportation, Pipeline and Hazardous Materials Safety
Administration. “Recommendation P-11-10.” 2011. http://www.phmsa.dot.gov/pv_obj_cache/pv_obj_id_54F297878A547
2F8CDF692407F40A9AC8A530300/filename/NTSB%20Reply%20to0%20P-11-8%20thru%20-20.pdf.

! Federal Energy Regulatory Commission. “Cost Recovery Mechanisms for Modernization of Natural Gas Facilities” FR Doc.
2014-28015. 2014. http://www.federalregister.gov/articles/2014/11/26/2014-28015/cost-recovery-mechanisms-for-
modernization-of-natural-gas-facilities.

" Popowsky, S. “Testimony before the House Consumer Affairs Committee of Pennsylvania; Regarding Special Session House Bill
40 and House Bill 41 Natural Gas Issues.” November 9, 2007. http://www.oca.state.pa.us/Testimony/2007/00096290.PDF.

" Department of Transportation, Pipeline and Hazardous Materials Safety Administration. “Pipeline Safety: Safety of Gas
Transmission Pipelines - Advanced Notice of Proposed Rulemaking (ANPRM)” Docket No. PHMSA-2011-0023. 76 Fed. Reg.
5308. August 25, 2011. http://www.phmsa.dot.gov/portal/site/PHMSA/menuitem.6f23687cf7b00b0f22e4c6962d9c8789
/?vgnextoid=3d7248c521dd1310VgnVCM1000001ecb7898RCRD&vgnextchannel=2dd0d95c4d037110VgnVCM100
0009ed07898RCRD.
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Safety and Methane Emissions from Gas Distribution Systems

Natural gas distribution systems represent roughly 20 percent of all methane leaks from gas systems.
Emissions from local distribution systems come largely from two sources—leak-prone pipelines and meters
and regulators at city gates. Together, these two sources represent 70 percent of methane emissions from
distribution systems.

Most safety incidents involving natural gas pipelines occur on the natural gas distribution system, as shown

in Figure 2-5. These incidents tend to occur in densely populated areas. Excavation damage is the leading
cause of serious incidents along natural gas pipelines; although, significant and preventable contributors also
include equipment failure, incorrect operation, and pipeline corrosion.”” Incidents are relatively infrequent, but
increase as systems age.

Figure 2-5. Total Incidents, Injuries, and Fatalities Associated with U.S. Natural Gas Pipelines, 2004-2013""°
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The majority of natural gas pipeline-related incidents involve distribution pipelines. The annual number of incidents associated with U.S. natural gas
pipelines (shown in inset) declined between 2004 and 2013.

° Note that only a small portion of gathering lines are subject to reporting requirements; therefore, the Pipeline and Hazardous
Materials Safety Administration data likely represent a significant underestimate of incidents on gathering lines.
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Figure 2- 6. Methane Emissions from Natural Gas Distribution Systems in Indianapolis and Boston, 20137279
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Emissions Rate

O Low (The same near-term climate impacts as driving a car between 100 and 1,000 miles everyday. Rate: 700 to 9,000 liters/day.)

© Medium (The same near-term climate impacts as driving a car between 1,000 and 9,000 miles everyday. Rate: 9,000 to
60,000 liters/day.)

@ High (The same near-term climate impacts as driving a car more than 9,000 miles everyday. Rate: More than 60,000 liters/day.)

After a pipeline explosion in Indianapolis, Indiana, in the 1980s, the city began a program to replace leak-prone natural gas pipelines. Massachusetts
has more recently started a replacement program.

Many companies, states, and localities have taken action to improve safety by accelerating distribution pipeline
replacement. After a natural gas explosion in the early 1980s, Citizens Energy Group, the local distribution
company for Indianapolis, initiated an aggressive pipeline replacement program that reduced the proportion
of pipeline-miles made from cast iron and steel from 16 percent in 1990 to less than 1 percent in 2013.7>7
Massachusetts ranks seventh in the Nation for leak-prone iron and steel gas system mains (see Table 2-2). The
state has taken proactive measures to reduce these risks. In 2009, the Massachusetts Department of Public
Utilities established a Targeted Infrastructure Recovery Factor to incentivize the accelerated replacement

of leak-prone natural gas distribution infrastructure and to support .. benefits to public safety, service
reliability, and the environment”” The agency subsequently approved a Targeted Infrastructure Recovery
Factor mechanism for National Grid’s Boston Gas in 2010.”* While Boston’s leak rates were higher than

P The study authors use isotopic analysis to confirm that the methane measured in this study are from fossil sources (i.e., not
biologically produced). The methodology used to convert measurements of methane concentration into flux estimates is described
in: Environmental Defense Fund. “Methodology: How the data was collected” www.edf.org/climate/methanemaps/methodology.
Accessed February 27, 2015.

7 While fixing and repairing pipeline leaks is critical for increasing public safety, it is important to note that every leak is dangerous;
effective safety programs take many factors into consideration.
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Indianapolis’ in 2013 (see Figure 2-6), the proportion of pipeline-miles made from cast iron and steel in Boston
Gas has reduced from 60 percent in 2008 to 51 percent in 2013.”” To further expedite pipeline replacement,
Massachusetts recently enacted a law requiring utility classification and prioritization of pipeline leaks for
replacement or repair.”®

The most leak-prone distribution pipeline materials are cast iron and bare steel, accounting for
approximately 9 percent of distribution pipes in the United States” and resulting in roughly 30 percent

of methane emissions from natural gas distribution systems.* All regions of the country have some leak-
prone distribution pipeline networks. Table 2-2 presents the top 10 states with the most miles of leak-prone
distribution mains.” The magnitude of investment needed to replace all leak-prone distribution mains
nationwide is more than $270 billion.*

Table 2-2. 10 States with the Most Miles of Leak-Prone Distribution Mains®'

Of the 10 states with the most miles of leak-prone natural gas mains, nine have infrastructure modernization acceleration initiatives.

Leak Prone Iron Leak Prone Steel Total Leak Prone Total Leak Prone Mains (% of

Rank State

Mains (mi) Mains (mi) Mains (mi) pipes in state)
1 PA 3,300 8,600 11,900 25%
2 NY 4,200 7,500 11,700 25%
3 OH 570 9,500 10,070 18%
4 CA 29 8,200 8,229 8%
5 NJ 4,900 2,200 7,100 21%
6 MA 3,600 2,600 6,200 30%
7 X 820 5,000 5,820 6%
8 Mi 3,000 2,300 5,300 9%
9 wv 13 3,000 3,013 29%
10 AL 1,200 820 2,020 7%

Despite progress in many states to help the replacement of leak-prone pipes in distribution networks,*? some
have limitations; many place caps on the magnitude of investments eligible for cost recovery and/or on the size
of rate increases. Even with such special cost-recovery mechanisms,* at least one dozen utilities will require
two decades or more to replace their leak-prone pipeline, and at least four will need over half a century. Table
2-3 shows replacement time frames for select distribution systems.

" Distribution mains are pipelines that serve as a common source of supply for more than one service line. Source: 49 CFR § 192.3. In:
Department of Transportation, Pipeline and Hazardous Materials Safety Administration. “Glossary.” www.phmsa.dot.gov/staticfiles/
PHMSA/Pipeline/TQGlossary/Glossary.html#main. Accessed March 9, 2015. Generally, these are gas pipelines running underground
along streets, connecting to service lines that run to individual buildings.

* The American Gas Association reports that the total cost of replacing all cast iron pipe in the United States is $82,682,696,844 in
2011 dollars. According to Pipeline and Hazardous Materials Safety Administration data, cast iron pipes represent approximately
30 percent of the total leak-prone pipe in the United States. Assuming other pipe replacement has similar costs, the total cost for
replacement of all leak-prone pipe is roughly $270 billion. Source: American Gas Association. “Managing the Reduction of the
Nation’s Cast Iron Inventory.” 2013. www.aga.org/managing-reduction-nation %E2 %80 %99s-cast-iron-inventory. Accessed
January 16, 2015.
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Table 2-3. Expected Replacement Horizons for Select Utilities for Leak-Prone Mains®

Utility Company Service Territory State  Forecasted Timeframe (years)

Philadelphia Gas Works Philadelphia, PA PA _ 84
ConEd New York, NY v [ 35
PECO Greater Philadelphia, PA A [T 33
PSE&G Newark, NJ v 30
Pensacola Energy Pensacola, FL FL _ 30
Baltimore Gas Company Baltimore, MD MD _ 30
UGl Rural Pennsylvania PA _ 27
Consumers Energy Detroit, Ml M _ 25
DTE Detroit, M| vi | 25
National Grid New York, NY v [ 25
Dominion Hope Gas Co. Ohio on |G 20
Yankee Gas Services Company Rural Connecticut T - 20
Peoples Gas Chicago, IL IL - 20
National Grid - Niagra Mohawk Rhode Island RI - 19
Peoples TWP Southwestern Pennsylvania PA - 19
Peoples Natural Gas Co. Southwestern Pennsylvania PA - 17
National Grid - Niagra Mohawk Syracuse, NY NY - 16
Columbia Gas of Pennsylvania Southwestern Pennsylvania PA - 15
Northern Utilities Maine ve [ 13
CenterPoint Arkansas AR . 12

Projected pipeline replacement rates (from a select group of utilities) vary considerably and can range from about one decade to more than 80 years.
Key factors affecting projected time frames include remaining miles of pipeline made of leak-prone materials (e.g., cast iron and unprotected steel)
and the scale of existing replacement programs.

Another leading source of leaks is from meters and regulators at “city gate” station facilities that connect
long-distance interstate transmission pipelines to local distribution networks. These account for 40 percent
of methane emissions from natural gas distribution systems.** A recent study found that in cases where
companies had invested in upgrades, emissions from city gate stations in 2013 declined to a fraction of
emission levels measured at the same stations in 1992. Conversely, the one station that had not invested in
upgrades over this 20-year period saw a 40-percent increase in estimated emission levels, illustrating the
environmental benefits of such investments.* The Environmental Protection Agency’s Natural Gas STAR
program encourages voluntary actions to address these losses through directed inspection and maintenance
programs that include leak detection and repair measures. Installing state-of-the-art measurement
technologies could assist in leak management. In addition, it is estimated® that quarterly leak detection and
repair, which requires little capital investment and could be scaled up quickly, could reduce emissions from city
gate stations by 60 percent.
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Natural Gas Infrastructure Dependencies

As noted, the electricity sector is increasingly reliant on natural gas as a fuel for power generation. On the flip
side, many physical and operational components of natural gas TS&D infrastructures depend on electricity for
key functions. In addition, other key sectors, such as industry and natural gas vehicles, depend on reliable and
robust natural gas TS&D systems for a range of applications.

Gas System Dependencies on Electricity

Most pumps and compressors along natural gas gathering and transmission pipelines are fueled with gas flowing
through the station,* with only about 5 percent of installed compression horsepower on interstate pipelines
nationwide requiring electricity to run.*>* In some areas of the Nation where there are concerns about emissions
and the increased speed of permitting of electric compressors, there is significantly greater reliance on electric
compressors.””*? Pennsylvania, Ohio, and California, for example, have a higher percentage of compressors powered
by electricity than the national average.” On the flip side, increased reliance on electricity-powered compressors
could increase the vulnerability of the gas transmission system to power outages. During the 2011 “Big Chill” in the
Southwest (see box), for example, rolling blackouts contributed to natural gas production outages (primarily affecting
compressors on gathering lines), which in turn led to power generation curtailments.”*

While compression facilities for underground natural gas storage generally are fueled by offtake gas, they

may still require electric power.”* Electricity is needed for dehydration of underground stored gas. Pipeline-
quality natural gas is pumped into underground formations for storage; when the gas is withdrawn, it requires
processing to remove water from the natural gas and to filter the gas all over again.

Also, most of the Nation’s liquefied natural gas facilities store this gas for periods of peak demand or pipeline gas supply
interruption. Cryogenic liquefaction of natural gas allows large volumes of gas to be stored and transported over long
distances that cannot be technically or economically served by pipelines, and this process requires large amounts of
electricity. These facilities are distributed across the Nation and generally are found near electric power stations.”

Centralized gas control stations monitor the flow of natural gas and collect, assimilate, and manage data received from
compressor stations all along the pipeline. These control systems can integrate gas flow and measurement data with
other accounting, billing, and contract systems. The data are transmitted through a communications network that
could consist of company-owned, fiber-optic lines; leased telephone lines; ground- or satellite-based microwave; or
radio communication systems.”” The total loss of communications could result in manual operations of the affected
pipeline. Many systems in the oil, gas, and alternative fuels infrastructures are increasingly monitored and controlled
remotely through cyber networks that are also powered by electricity.**

Dependencies of Other Sectors on Natural Gas TS&D Systems

Dependencies of other infrastructures on the natural gas TS&D sector include the following:

«  Supply of natural gas liquids for petroleum refining. Growth in production of natural gas liquids
has stimulated renewed interest in petrochemicals production where ethane and propane are
key feedstocks (see Chapter V, Improving Shared Transport Infrastructures, for a more detailed
discussion).

« Natural gas as a transportation fuel. Compressed natural gas vehicles also rely on natural gas. Although
there are only about 120,000 compressed natural gas vehicles in the United States today, the Energy
Information Administration forecasts increases in natural gas vehicles over the next decades, especially
in heavy-duty vehicles.”

o Industrial consumption of natural gas. Given low natural gas prices over the past several years and
forecasts of abundant supplies at moderate prices in the future, there has been a resurgence of natural
gas use in industrial applications in the United States, as seen in Table 2-4.
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Table 2-4. Projected Incremental Natural Gas Demand for Select U.S. Industrial Sector Projects, 2015-2020'%°

Planned

Operations Chemical Metals Petroleum Other Industrial Total Demand
Date

Year MMcf/d ~ #Projects  MMcf/d ~ #Projecs  MMcf/d  #Projects ~ MMcf/d ~ #Projecs ~ MMcf/d  #Projects
2015 246 57 118 54 355 21 24 179 743 311
2016 317 13 62 5 488 10 58 27 926 55
2017 261 5 79 3 325 3 2 8 668 19
2018 265 5 1 1 747 5 0 4 1,010 15
2019 - - - - 1,350 4 - - 1,350 4
2020 - - - 1 - - - - - 1
Project

datesnot 179 6 2 3 872 5 : -~ 1,050 14
announced

Total 1,090 80 261 64 3,260 43 86 218 4,700 405

* Not announced at time of this analysis, 6/2014

Natural gas supply is projected to stimulate additional industrial construction and demand growth.

Natural Gas - Electricity Interdependencies

Nationally, natural-gas-fired power generation has increased by more than 40 percent since 2005, and carbon
dioxide regulations may increase its use even further."” The increasing absolute demand for natural gas in the
power sector has heightened the interdependence between gas and electric systems. In addition, fast-ramping
requirements of natural-gas-fired generation, especially in response to the need to firm renewable generation,
has increased the need for scheduling coordination between the gas and electricity sectors.

Gas Pipeline Transmission Capacity and Power Generation

An important question regarding natural gas transmission infrastructure is whether the existing gas transmission
infrastructure can reliably accommodate increased use of natural gas in electric power generation, resulting from
significant shifts in fuel utilization in the power sector. A recent DOE study for this QER on the adequacy of the
national natural gas transmission system (there may be regional differences and needs, as discussed in the next
section) to accommodate increased demand for natural gas'® concluded the following:

« Higher utilization and repurposing of existing interstate natural gas pipeline infrastructure will reduce
the need for new transmission pipelines. Pipeline flow patterns have already evolved with changes in
supply and demand. Given the cost of building new pipelines, finding alternatives that utilize available
existing pipeline capacity, such as adding compression to existing pipelines or reversing flow, is often
less costly than building new pipeline capacity.
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« The changing geography of natural gas supply, where diverse sources are now found closer to demand
centers, is reducing the need for additional long-distance interstate natural gas pipeline infrastructure.
There will be a need for expanded natural gas pipeline capacity as a result of new and expanded
production of natural gas from shale formations and growth in natural gas demand, but it is lower
than would be expected if the increased production were concentrated in traditional gas-producing
regions.

o Incremental interstate natural gas pipeline infrastructure needs, even in a future that includes a
national carbon policy, are projected to be modest. While a future carbon policy may significantly
increase natural gas demand from the electric power sector, the projected incremental increase in
natural gas pipeline capacity additions is modest relative to the reference case used in the analysis,
which is based on projections from the 2014 Annual Energy Outlook. The rate of pipeline capacity
expansion in the scenarios considered by the analysis is lower than the rate of natural gas pipeline
capacity expansion that hs historically taken place.

The Big Chill: A Disruptive Event Made Worse by Infrastructure Interdependencies!

The “Big Chill” of 2011 illustrates the complicated relationship between natural gas and electric power, which had
compounding effects during a period of extreme weather.

During the first week of February 2011, the U.S. Southwest was hit by an arctic cold front that was unusually severe in terms
of its low temperatures, gusting winds, geographic extent, and duration. From January 31 to February 4, temperatures in Texas,
New Mexico, and Arizona were the coldest experienced within the region since 1971. Dubbed the “Big Chill” in the media,

it overwhelmed the routine preparations for cold weather that had been put in place by electric generators and natural gas
utilities located in those states.

Within the Electric Reliability Council of Texas (ERCOT) Interconnection, starting in the early morning hours of February 2, the
cold temperatures and wind chill caused a significant number of outages at generating plants, with approximately one-third
of the total ERCOT generating fleet unavailable at the lowest point of the event. With electricity demand soaring because of
the cold weather, ERCOT and some utilities in New Mexico instituted rolling blackouts to prevent collapse of their electric
systems. For the Southwest as a whole, 67 percent of electric generator failures (by megawatt-hour) were due directly to
weather-related causes, including frozen sensing lines, frozen equipment, frozen water lines, frozen valves, blade icing, and
low-temperature cutoff limits on equipment.

Gas producers and pipelines were also affected in Texas, New Mexico, and Arizona. Natural gas production was diminished
due to freeze-offs and the inability to reach gas wells (due to icy roads) to remove produced water and thereby keep them

in operation. When rolling electricity blackouts hit gas producers and gas pipelines, it had the effect of causing further losses
to natural gas supply. The ERCOT blackouts or customer curtailments caused or contributed to 29 percent of natural gas
production outages in the Permian Basin and 27 percent of the production outages in the Fort Worth Basin, principally as a
result of shutting down electric pumping units or compressors on gathering lines. As a result of all these factors, natural gas
deliveries were affected throughout Texas and New Mexico. More than 30,000 customers experienced natural gas outages at
some point during this period.

The majority of the problems experienced by the many generators that tripped, had their power output reduced, or failed to
start during the event were attributable, either directly or indirectly, to the cold weather itself. However, at least another 12
percent of these problems were attributed afterward to the interdependencies between gas and electricity infrastructures (such
as lost electricity generation due to natural gas curtailments to gas-fired generators and difficulties in fuel switching).

* Federal Energy Regulatory Commission and North American Electric Reliability Corporation. “Report on Outages and
Curtailments During the Southwest Cold Weather Event of February 1-5, 2011: Causes and Recommendations.” August 2011.
http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf. Accessed February 2, 2015.
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Natural Gas Infrastructure Constraints in the Northeast

The Northeast represents a region of the country where natural gas transmission constraints have caused price
differentials to rise during periods of peak demand.'” While, in the past few years, construction of natural gas
pipelines in other parts of the country have caused natural gas price differentials to decrease in those regions,
the Northeast has seen its price differentials increase (see Figure 2-7). Much of the northeastern Atlantic
region (New England, New York, and—to some extent—the Mid-Atlantic States) continues to see natural gas
supply constraints due to gas transmission capacity limits, especially during cold winter periods. However,

the actions undertaken by the Independent System Operators, Regional Transmission Organizations, and
market participants, such as PJM’s Cold Weather Preparation Guidelines and the continuation of Independent
System Operator New England’s Winter Reliability Program for a second winter, have improved operational
performance and moderated prices.'*

Figure 2-7. Natural Gas Price Differentials between Henry Hub and Key Trading Points'%¢

Henry Hub Price Differential ($/MMBtu)

4
3 /
2
’| yF
0
-1 /
Wyoming production outpaces Shale Era:
] . 3 v ale cra:
-2 take-away capacity During the shale gas era, prices converge except in the
Rockies Express pipeline Northeast (NY and New England)
3 gradually relieves constraint

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

= Boston Chicago Wyoming ~ ====New York === Houston Northern California

= Pittsburgh = \Vest Texas Southern California

Basis differentials reflect regional gas infrastructure constraints and the price signal that spurs infrastructure investment. These constraints persist in
New England and New York.

The Northeast region is located at the end of major pipeline routes from traditional natural gas producing
areas. Its supplies of natural gas have tended to be constrained during winter peak periods, allowing prices to
rise much higher in this region than in the rest of the country in recent years.'® For example, natural gas prices

“ The 2014 increase in Chicago city gate prices relative to Henry Hub is attributable to cold winter weather and deep drawdowns of gas
in storage, rather than systemic infrastructure constraints, and is less likely to persist.
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rose to greater than $34 per million British thermal unit during cold snaps in the winter of 2012-2013 and
increased to more than $73 per million British thermal unit during the southward shifts in the polar vortex
in the winter of 2013-2014."” These capacity constraints are being exacerbated by a large increase in the use
of natural gas in the electric power sector in New England. Despite large volumes of new unconventional

gas resources available from the Marcellus Shale in nearby Pennsylvania, pipeline constraints have not
allowed sufficient supplies of this gas to reach New England, resulting in upward pressure on prices at gas
delivery points in the region.” The New York metropolitan area, by contrast, has alleviated some of the winter
congestion it had faced by adding new pipeline capacity.

The underlying issues affecting natural gas prices and reliability in New England are caused by several complex
factors. One area of concern has been the role of capacity markets in the challenges associated with assuring
access to adequate fuel supplies. Independent System Operator New England has taken a number of steps to
address this issue, including implementing changes to its capacity markets to enhance generator performance
and adopting winter reliability measures designed to address this concern.'®® ' Another issue has been public
acceptance of new pipelines, especially in New England, which presents a substantial challenge to natural gas
pipeline development.'"” Several pending pipeline projects would alleviate infrastructure constraints into New
England. In addition to the capacity market changes by Independent System Operator New England described
above, the New England governors are formulating proposals to pay for new natural gas pipeline and electric
transmission capacity and services.

Resilience, Reliability, and Asset Security of Liquid Fuels TS&D
Infrastructure: Analysis of Vulnerabilities

The U.S. liquid fuels system is diverse, robust, and resilient. In 2014, it produced an average of 8.7 million
barrels per day (million bbl/d) of crude oil and 3.0 million bbl/d of natural gas liquids, as well as imported

an average of 7.3 million bbl/d of crude oil.*'"" In 2014, this system refined an average of 15.8 million bbl/d
of crude oil into products in 142 operable refineries. While refining is concentrated on the Gulf Coast, the
remainder is well-distributed between the East and West Coasts and the Upper Midwest and supplemented
by product imports that enter through both coasts and from Canada. Its TS&D infrastructure consists of both
dedicated pipelines and facilities and infrastructures shared with other major commodities.

Liquid Fuel Vulnerabilities Vary by Region

Despite the robustness of the system, the Nation’s liquid fuel infrastructure has vulnerabilities. These
vulnerabilities are determined by the types of natural disasters that occur in a region, as well as by the types

of infrastructure within the region. Regions have supply vulnerabilities if they are dependent on fuel supplies
from outside the region. This section describes the relationship between the functions of the liquid fuel
infrastructure in a given region and the geographically based vulnerabilities that it faces for regions defined by
Petroleum Administration for Defense District (PADD) groupings, a subdivision of the petroleum sector that
is commonly used by the Energy Information Administration and other energy analysts.""? The following are
profiles of liquid fuel systems and vulnerabilities by PADD.'"?

¥ For a more detailed discussion of infrastructure constraints in the New England area, see the documents relating to the April 21, 2014,
Quadrennial Energy Review Stakeholder Meeting, “New England Regional Infrastructure Constraints:” energy.gov/epsa/downloads/
ger-public-meeting-providence-ri-hartford-ct-new-england-regional-infrastructure.

¥ Data are based on cumulative daily averages through December 26.
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Atlantic Coast-North (PADD I, Subdistrict A):
This region (the Atlantic Coast north of New York)
has no crude oil production or refining capacity

and is not served by large pipelines from the Gulf
Coast. The region predominantly receives its

supply of liquid fuels by waterborne transport. It is
consequently susceptible to weather disruptions of
ports. Infrastructure in this region is also susceptible
to extreme cold.

Atlantic Coast-Central (PADD I, Subdistrict B):
This region has only a small amount of capacity

for producing or refining crude oil, relative to its
consumption. It is heavily dependent on receiving
water shipment of crude oil and refined products at
coastal ports and on pipeline shipments of refined
products from the Gulf Coast on the Colonial and
Plantation pipeline systems. It has a relatively high
level of storage for refined products. Liquid fuels
shipments are susceptible to weather disruption of
ports, flooding of coastal refineries and terminals,
and disruptions to flows on Colonial and Plantation
pipelines. During the past century, land subsidence
has contributed to rising relative sea levels along the
Mid-Atlantic Coast as high as 5.0-10.0 millimeters
per year (mm/yr), which is more than twice the
global average (1.7 mm/yr)."*

Atlantic Coast-South (PADD I, Subdistrict C):
The southern part of this region (Florida and the
coastal regions of Georgia, South Carolina, and
North Carolina) has very little crude production

or refining capacity and is not served by the large
pipelines from the Gulf Coast. All coastal areas are
supplied by waterborne deliveries, and Florida is
heavily dependent on receiving water shipments of
refined products. The interior portions of Georgia,
South Carolina, North Carolina, and Virginia

are dependent on pipeline shipment of refined
products from the Colonial and Plantation pipeline
systems. The region is susceptible to weather
disruptions of receiving ports, pipeline shipments,
as well as events that disrupt loading and
departures of barges from the Gulf Coast. Over the
past century, sea levels have increased by as much
as 3-6 mm/yr in the Atlantic Coast-South region.'"
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Great Lakes/Midwest Region (Part of PADD II):
Refineries in this region have historically relied on
crude oil shipped via pipeline from the Gulf Coast.
Now almost all oil moved to refineries in the region
comes from more recently developed supplies of
Midcontinent and Canadian crude oil. This shift has
diminished the need for pipelines to deliver crude
oil from the Gulf of Mexico to the region, and many
have been reversed to move additional Midcontinent
and Canadian oil supplies south to the Gulf Coast
(PADD III) refining complex. Weather events are
less likely to affect multiple refineries in the Midwest
compared to, for example, the refineries concentrated
along the Gulf of Mexico. An earthquake in the

New Madrid Seismic Zone could disrupt product
deliveries, but it would be less likely now to disrupt
crude oil supplies into the region than 5 years ago.
Extreme cold can hinder refining and distribution.

Williston Basin (Part of PADD II): Recent
development of technology to produce oil from shale
formations (in this case, the Bakken formation) has
made the Williston Basin an important producing
area. The area is not highly susceptible to natural
disasters, but is susceptible to extreme cold. The East
and West Coasts and the Gulf Coast rely on this
region for rail transport to bring its crude to their
refineries.

Oklahoma/Kansas (Part of PADD II): This region
is a relatively large producer of crude oil and, more
importantly, a national hub for trading, storing, and
transporting crude oil. One of the largest oil storage
and pipeline junction centers in the world is located
near Cushing, Oklahoma. Tornados likely are the
highest-impact hazard that could strike this area.
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Gulf Coast (Part of PADD III): This region is a
major center for onshore and offshore production,
refining, and loading and unloading of water
shipments of crude oil and refined products. Fifty-
two percent of the Nation’s operable refinery capacity
is in PADD IIIL. It is susceptible to tropical storms
and hurricanes, flooding, and sea-level rise. During
the past century, land subsidence in the Gulf Coast
region has caused relative sea levels to rise by 5-10
mm/year, which is more than the twice the global
average. The highest rates of land subsidence within
the Gulf Coast region are estimated to be in the
vicinity of the Mississippi River Delta.!'®

Northern Rocky Mountain Region (PADD IV):
This region consumes fuels from refineries in the
Salt Lake and Denver areas that mainly process
crude oil produced from within the region. The main
hazards are earthquakes and perhaps tornados. It is
susceptible to extreme cold. Pipelines networks are
less dense in the less populated regions of PADD IV.
This leads to cities that are far from refining centers
often being served by long dedicated pipelines. These
cities are more dependent on the operation of single
pipelines than typically is the case in regions of the
country with higher-density populations. An example
in PADD 1V is Boise, Idaho, which is dependent on a
single pipeline from Salt Lake City.

West Coast Region (PADD V): Although this region
still produces much of the crude oil processed in

its refineries, it increasingly depends on receiving
shipments by water from other regions and from
ports within PADD V, including Alaska. PADD V is
not well-connected to other PADDs by pipeline, but
it does receive an increasing amount of its oil by rail.
The level of imports to PADD V is stable. This region
is susceptible to earthquakes and wildfires. Cities
that are on the downstream edge of supply from
West Coast refineries and depend on long dedicated
pipelines include Phoenix, Arizona; Las Vegas,
Nevada; and Reno, Nevada. During the past century,
sea levels along the West Coast have generally risen
at or below the global average rate.!””
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Vulnerability of Fuel Supply Disruptions from Gulf Coast Hurricanes

As noted, the Gulf Coast region is home to more than 50 percent of the Nation’s refining capacity. Damage to
liquid fuels infrastructure in this region can lead to significant impacts on much of the rest of the country, as
the Gulf supplies oil products to the Northeast, Midwest, Mid-Atlantic, and South Atlantic regions.'"* Many
U.S. regions are vulnerable to severe weather in the Gulf of Mexico or other threats to infrastructure in the
Gulf of Mexico or on the Gulf Coast. Land subsidence also is a widespread issue throughout the Gulf Coast
(and Mid-Atlantic coastal areas). During the past century, global sea-level rise has averaged about 1.7 mm/
yr, though the rate in the Gulf has been faster (at 5-10 mm/yr, in part due to subsidence).” Between now and
2030, the average global sea-level rise could accelerate to as much as 18 mm/yr in worst-case scenarios.'*

Gulf Coast refineries in the path of a major hurricane typically shut down in advance of a storm and restart after
the storm has passed. While an undamaged refinery is likely to return to operation within 1 week of hurricane
landfall, a severely damaged refinery might take several months to recover. Hurricanes Katrina and Rita provide
examples of such impacts. The combined consequences of these two hurricanes in 2005 caused refinery outages
of more than 4.5 million bbl/d. More than 20 refineries were shut down on the worst day, representing a loss of
67 percent of the Gulf’s capacity and 28 percent of national refinery capacity. While the refineries recovered, the
outage was still 2 million bbl/d 3 weeks after Rita’s landfall and remained at 1 million bbl/d for over 2 months.
This caused a sharp, temporary increase in regional and national gasoline and diesel fuel prices.'!

In response to these hurricanes, 30.0 million bbl of crude oil from the Strategic Petroleum Reserve (SPR) were
offered to the market and 20.8 million bbl were ultimately sold; it took 20 days for the first oil to move. While
the International Energy Agency, in a coordinated effort, released petroleum product stocks to assist with the
U.S. supply disruption, these supplies were not easily distributed to the Southeast region; truck deliveries to the
Southeast region were made hundreds of miles from ports on the Atlantic Coast.

Similar petroleum product outages occurred in 2008 as a result of Hurricanes Gustav and Ike, leading to
significant increases in motor fuel prices in all regions of the United States. In these instances, no SPR
emergency release or International Energy Agency coordination action was taken.* In 2012, Hurricane Sandy
caused numerous fuel supply and distribution problems in New York and New Jersey, involving refineries,
marine terminals, petroleum product terminals, and retail service stations. As with the 2005 and 2008
hurricanes, an SPR crude oil release would have provided little remedy to the fuel supply problems. Also, all
four U.S. facilities are located in the Gulf Coast region and may be exposed to hurricane damage, including
inundation caused by storm surge.'?* In September 2008, for example, the Big Hill and West Hackberry sites
sustained significant damage caused by Hurricane Ike.'”

Industry has taken actions to harden Gulf Coast infrastructures after hurricanes in 2005 and 2008.
Aboveground product storage tanks represent a particular vulnerability in hurricanes as they can float off their
foundations and spill product, creating environmental and supply concerns. At least four companies surveyed by
DOE in 2010"** indicated that they had “taken steps to ensure a minimum volume of product is in their storage
tanks before a storm arrives.” The refinery and pipeline operators interviewed for this study all confirmed that
they maintain confidential hurricane preparedness plans. State public utility commissions also have responded
in a variety of ways, initiating studies of and rulemakings for storm hardening. On the power side, the actions
of Entergy during Hurricane Gustav in 2008 provide an example of the efforts by utilities to maintain service
to customers. Entergy’s use of grid sensors enabled it to identify and warn of islanding conditions’ in order

to manage their impacts on its systems in four states. Entergy’s success during Gustav provides a replicable
example for the effective use of technologies to manage storm impacts.'*

* Some SPR sites sustained significant damage. While the SPR was able to conduct a test exchange of 5.4 million bbl of crude in
response to requests for supplies from several refiners, it took weeks to restore SPR sites to their pre-storm levels of mission capability.

7 Islanding is an unsafe situation for utility workers, where a distributed generator, when not appropriately monitored or understood,
continues to provide power when electricity from the utility is cut off.
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Vulnerabilities to Non-Weather-Related Refined Product Disruptions

In addition to storms on the East and Gulf Coasts, other natural disasters can cause interruptions of petroleum
products. While the U.S. West Coast is not as vulnerable to hurricanes, a severe earthquake in the Los Angeles
Basin or San Francisco region would cause significant disruptions of fuel supplies. For example, Table 2-5 and
Figure 2-8 show (1) the potential impacts of severe earthquakes on a variety of energy infrastructures, and (2)
regions that are prone to damaging earthquakes. The greatest infrastructure risks occur when the probability of
damage and severity of damage are high, the risk of the event is high, and the infrastructure involved is critical.

Western pipelines and refineries are both at risk in major earthquakes.

Table 2-5. Probability and Severity of Earthquake Damage to TS&D Infrastructure'?®

Magnitude >5

Magnitude<5
Infrastructure Probability of Severity of
Damage Damage

Loss of Electrical Power

Gulf of Mexico Platforms Low-Med Interrupting
Pumping/Compressor Station Low-Med Interrupting
Pipelines Low-Med Interrupting
Rail Low Insignificant
Ports Low Insignificant
Crude Tank Farm Low Insignificant
Refineries Low Insignificant
Natural Gas Plants Low Insignificant
Product Storage Terminals Low Insignificant
Propane Tanks Low Insignificant
Underground Storage Low Insignificant
LNG Terminals Low Insignificant
Local Natural Gas Distribution Low Insignificant
Filling Stations Low Insignificant
SPR/NEHHOR Low Insignificant

Probability of
Damage

Severity of
Damage

Catastrophic

Med-High

Med-High

Med-High

Low-Med Interrupting

Catastrophic

Low Insignificant

For two magnitudes of earthquake intensity, the severity of probable damage was rated qualitatively using a five-point scale (i.e., minor, interrupting,

significant, major, and catastrophic).
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Figure 2-8. Earthquake Vulnerability Hazard Regions Severity Indices for Earthquakes'?’:*

Highest hazard

Analyzing the impacts of earthquake on TS&D infrastructure involved a review of the probability of damage and severity of damage on infrastructure
components (Table 2-5) and the probability of an event occurring in a region. Comparing this to the types and amounts of energy infrastructure in
the region (e.g., limited liquid fuels pipelines in the Rocky Mountain region) identified regional TS&D infrastructure vulnerabilites.

Responding to Liquid Fuels Disruptions

There is a range of actions that could be taken to address the vulnerabilities outlined in the previous section.
One is to develop strategic and regional stockpiles of oil and refined petroleum products to help respond to
shortfalls caused by breakdowns in the liquid fuel infrastructure, regardless of cause. Another is additional
hardening. Hardening can consist of flood protection (e.g., berms, eves, and floodwalls), self-sufficient electric
power (e.g., a generator sited at a facility that is configured to operate in a safe “island mode” disconnected
from the local electricity grid to supply that facility with electricity during a local grid blackout®), and other
measures. A combination of these actions may provide the most cost-effective approach to avoid the loss of
fuel supplies after a natural disaster, recognizing that government and industry (refiners, pipeline companies,
utilities, power providers, the Army Corps of Engineers, and DOE) have different roles in implementing
different measures.

* For a range of intensities of the event (e.g., earthquakes with a magnitude less than 5), the likely damage was rated on a qualitative 1-5
score (i.e., minor, interrupting, significant, major, and catastrophic). These ratings were based on the extensive review of impacts from
past events and judgment of industry experts.

4 “Island” facilities are used at facilities such as hospitals, office buildings, and sometimes individual’s homes; they can operate
independently from the grid to provide electricity during a power outage.
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Administration Activities for Liquid Fuels Resilience, Reliability, Safety,
and Asset Security

Operations of Regional Oil Product Reserves. The President’s Fiscal Year 2016 Budget requests $7.6 million to continue
operation of the Northeast Home Heating Oil Reserve. The Northeast Gasoline Supply Reserve will continue to be funded out
of prior-year balances.

Southeast Refined Product Reserve Cost-Benefit Analysis. In 2011, the Department of Energy (DOE) carried out a
cost-benefit study of the establishment of a Southeast Refined Product Reserve. This study estimated that such a Refined
Petroleum Product Reserve would reduce the average gasoline price rise by 50 percent to 70 percent in the weeks immediately
after a hurricane landfall, resulting in consumer cost savings.® DOE is updating this study to reflect recent economic research
and to examine whether currently available analyses of refinery hardening and climate change alter the study’s estimates of
the likelihood of Gulf Coast refinery outages.

West Coast Regional Refined Product Reserve Cost-Benefit Analysis. DOE has launched a Refined Petroleum
Product Reserve study for Petroleum Administration for Defense District (PADD) V (the West Coast, Alaska, and Hawaii). It will
review current and projected oil and refined product demand in southern California, northern California, Arizona, Nevada,
Washington, Oregon, Hawaii, and Alaska. It also will describe storage capacities; how and where stocks are stored; and

how refined products move from refinery, to storage, to end-use markets. The study will evaluate the physical and market
vulnerabilities that could cause a supply disruption or shortage to PADD V markets and estimate the probability of the
occurrence of natural events at various locations within PADD V. The potential impacts on crude oil and petroleum product
supplies from events of various intensity or duration will be estimated. The physical vulnerabilities to be considered will include
earthquakes, tsunamis, and storms. Refined Petroleum Product Reserve configurations that could provide a relatively effective
fuel supply relief, in light of the estimated likelihood of fuel supply interruptions, will be evaluated using a cost-benefit
methodology similar to that used in DOE's 2011 study,* but will be updated to reflect recent economic research, especially
concerning the impact of sudden increases of petroleum product prices on the U.S. economy.

Emergency Preparedness Study. The National Petroleum Council, in response to a request from the Secretary of Energy,

recently completed an Emergency Preparedness Study. This study will help industry and government achieve a more rapid
restoration of motor fuel supplies after a natural disaster.

% Department of Energy, Office of Fossil Energy and Office of Policy and International Affairs. “Refined Petroleum Product
Reserve, Assessment of Energy Security Needs, Costs and Benefits” September 2011.

% Department of Energy. “Regional Petroleum Product Reserve: Assessment of Energy Security Needs, Costs, and Benefits”
September 2011.

The United States has created two regional petroleum product reserves (RPPRs) during the last 15 years—the
Northeast Home Heating Oil Reserve (NEHHOR) and the Northeast Gasoline Supply Reserve. NEHHOR is a
1-million-barrel reserve of ultra-low sulfur diesel, stored at terminals in Connecticut and Massachusetts. It is
intended to provide a buffer to compensate for interruptions in heating oil supplies during severe winter weather.
NEHHOR has a trigger mechanism established by the Energy Act of 2000 that requires a 60 percent price
differential over the 5-year average price of heating oil, that the differential be sustained for 7 days, and that it
continues to increase thereafter. A second authority for a release from NEHHOR is available to the President for
a “regional supply shortage of significant scope and duration.”'*® These release authorities have never been used.
After Hurricane Sandy, however, NEHHOR distillate was provided to the Department of Defense. The Defense
Logistics Agency distributed this fuel to support emergency operations and other priorities.

Also, the Northeast Gasoline Supply Reserve currently contains about 1 million barrels of gasoline in five
locations in New Jersey, Massachusetts, and Maine to serve consumers in the northeastern United States. This
gasoline reserve operates under the same release authorities as the SPR, but under different authorities than
the NEHHOR; depending on the nature and degree of the emergency, the threshold for use of these facilities in
concert could prove difficult to reach.
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Liquid Fuel TS&D Dependencies on Electricity

In 2013, U.S. refineries consumed a total of 46 million megawatt-hours of purchased electricity in their
operations. One of the biggest vulnerabilities for Gulf Coast and East Coast refineries can be the lack of
electricity supply. Without power, refineries cannot continue to operate, and petroleum products cannot be
moved through pipelines. A number of refineries have invested in portable generators; however, the majority
has only established plans for leasing generators in advance of the hurricane, and even the largest 2-megawatt
mobile generators cannot provide enough electricity to operate a refinery. During electrical outages, these
generators provide electricity to critical facilities—the data control center, critical information technology
facilities, and the water pumps required to remove storm water from the plant and refinery equipment. The
high probability of electricity outages after hurricanes has caused refiners to initiate controlled shutdowns in
advance of landfalls to avoid “cold shutdowns” that result in refinery damages.

Crude oil and refined product pipelines also rely on electricity to move petroleum products, such as gasoline,
through their systems. As noted, power outages from Hurricane Katrina caused the complete shutdown of
three major pipelines for 48 hours and forced these pipelines to operate at reduced capacities for an additional
2 weeks.'” In 2006, Colonial Pipeline responded to the need to keep pipelines operating during emergencies
by installing trailer-mounted portable generators, some transformers, and additional cables. The generators are
staged at a site in Mississippi and can be moved to any of Colonial’s pump stations depending on emergency
needs."’

Even these actions, however, have limitations, as they assume uninterrupted supplies of product from
refineries and terminals. Evidence suggests this is problematic, as transmission pipelines depend on many
independent and interconnected pipelines and terminals for delivery of supplies; the overall network feeding
major transmission pipelines may not be able to meet supply needs in the event of a disruption. Also, this
intermediary infrastructure is often co-owned by refineries; if a refinery is disrupted and vulnerable, so too are
the interconnecting pipelines and ultimately the transmission pipelines that move product to consumers.'*!

Refineries, pipelines, and distribution systems also rely on electricity to power supervisory control and data
acquisition and other monitoring systems that ensure that their operations are efficient, safe, and secure.
Finally, the loss of electricity can have a significant impact on retail gasoline distribution (see the Hurricane
Sandy box on page 2-5).

Vulnerabilities of Shared Transportation Infrastructures

Transportation infrastructure (such as railroads, barges, tankers, and ports) that liquid fuels and coal share
with other commodities also face resilience challenges from extreme weather and climate change. As noted,
extreme weather events are increasing. Intermodal crossing points, such as grade crossings and waterway-
railroad trestle intersections, will be vulnerable, as will stretches of rail far removed from observational
networks."*?

Rail Vulnerabilities Associated with Extreme Weather

Railroads are vulnerable to structural damage and track misalignment where the roadbed has been affected by
extreme weather. Railroad operations also are affected by weather conditions such as snow, flash floods, heat
waves, and extreme wind. Extreme heat, for example, causes materials to expand, leading highways and roads
to buckle and rails to kink (see Figure 2-9). A 1,800-foot section of rail can expand by a foot with an 80-degree
temperature change.' These kinks can be highly dangerous and require vigilant track inspections. Some rail
operators also issue “heat orders” during high temperatures that require trains to slow their speed along the
tracks.'*
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Barge and Tanker Transport Are Figure 2-9. Rail Thermal Misalignment'*>
Affected by Extreme Weather

More than 4,500 tank barges transport liquid fuels
and coal nationwide."** '’ They are vulnerable

to damage by storm surge, as well as river flow
fluctuations (e.g., on the Mississippi River) that can
impede traffic or reduce barge fuel carrying capacity.
During Hurricane Katrina, the Coast Guard closed
parts of the Lower Mississippi River to traffic for
more than a week as inspectors surveyed the river
obstructions. More than 300 barges along the river
were set adrift, sunk, or damaged, posing further risks
to navigation."*® Increased storm surge and flooding
could interrupt barge navigation by flooding inland
marine transportation infrastructure and increasing
the velocity of flow on rivers, forcing channels to : :
shutdown intermittently. In the 10ng term, increased Track buckling is typically caused by a combination of high compressive
incidents of storm surge and coastal flooding may forces due to temperature stresses, weakened track conditions, and

df . build up in ch 1 mechanical stress from train braking and rolling friction. Safety and
cause sand formations to build up in channels, operations are therefore impacted by both extreme high and low

forcing operators to shutdown channels that have temperatures, by causing track creep, and by making track more
become too shallow. susceptible to the mechanical stresses that cause buckling.

Flooding by itself can have an impact on pump stations, control rooms, oil tanks, well pads, and barges or
tankers travelling on flooded navigable waterways, such as the Mississippi River. High water conditions can
disrupt barge and tanker traffic by, for example, barring navigation under bridges. In addition, if port and
terminal facilities were flooded and shutdown, barge shipments that require loading or unloading at the
terminals would be delayed.'*

Drought can also affect some port facilities and some navigation channels that are inland, such as the

Great Lakes. If water levels are too low, barges risk running aground, causing either disruptions to liquid

tuel transport or lower draft limits. This forces barges to carry lighter loads, thereby reducing available
supply.'*® Low water levels also can be caused by freezing temperatures upstream, leaving less water available
downstream.'! Climate change is expected to cause more frequent and severe weather in the future, which in
some regions will lead to droughts and floods that may create further vulnerabilities for barge transport.

Vulnerabilities of Energy TS&D and Shared Infrastructures to
Physical Attack

The lack of controlled standoff distances* or adequate barriers for a range of oil and gas transmission

and distribution facilities and infrastructures makes them especially vulnerable to physical attacks. Much
of the liquid fuel TS&D infrastructure in the central Atlantic Coast region, for example—including gas
production, ports and terminals, and processing and refining facilities—is geographically concentrated,
visible, and potentially accessible from major and ancillary transportation routes, making it vulnerable
to intentional damage.'** Physical attacks on this type of infrastructure could have outsized impacts
because of the concentration of refining and product storage facilities that serve other domestic markets.

@ “Controlled standoff distance” refers to the distance maintained between an asset and a potential detonation site.
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Results from an Argonne National Laboratory analysis of DHS survey data™ on critical infrastructure energy facilities

showed that at many facilities vehicles may pose a risk by being placed (legally or illegally) inside a safe standoft perimeter.

Increasing standoff distance is an effective way to mitigate potential consequences of certain types of threats.
Other measures include fencing, barriers, access control points, and security personnel. Notably, only a portion

of energy facilities has barriers in place sufficient to limit vehicle access and approach. The DHS critical

infrastructure survey also assessed the existence of security forces at facilities. The prevalence of security forces
is highly dependent on the energy subsector. Refineries generally have a security force, but liquid fuel product

transport facilities tend to have less security.

Improving Cybersecurity in the U.S. Energy Sector

This installment of the Quadrennial Energy Review did not carry out original analysis of cyber threats to energy infrastructure because
significant work is being done elsewhere. It is noted, however, that cyber threats to energy delivery systems are growing and evolving.
In 2013, there were 151 cyber incidents involving the energy sector that were reported to the Department of Homeland Security's
Industrial Control System Cyber Emergency Response Team. Cybersecurity is a shared responsibility among Federal, state, local, tribal,
and territorial entities, as well as public and private owners and operators of critical infrastructure.

In February 2013, President Obama issued Executive Order No. 13636, /mproving Critical Infrastructure Cybersecurity, and
Presidential Policy Directive-21, Critical Infrastructure Security and Resilience. These policies reinforce the need for holistic
systems thinking about security and risk management in the energy sector. In February 2014, the Obama Administration
launched the Cybersecurity Framework to assist organizations in enhancing critical infrastructure cybersecurity.

While the Department of Homeland Security coordinates the overall Federal effort to promote the security and resilience of the
Nation’s critical infrastructure, in accordance with Presidential Policy Directive-21, the Department of Energy serves as the day-
to-day Federal interface for sector-specific activities to improve security and resilience in the energy sector. This Quadrennial
Energy Review report does not go into detail about cybersecurity; the U.S. government and others have activities underway to
improve cybersecurity of critical infrastructure. Improving security and resilience includes accelerating progress in the following
areas relevant to the Quadrennial Energy Review:

Build robust information-sharing architecture across the energy sector. Robust information sharing between
government and industry (including owners and operators) is critical for addressing cyber threats. Information Sharing and
Analysis Centers help propagate information on cyber threats, vulnerabilities, incidents, and solutions in the energy sector.

Expand implementation of best practices and sound investments by owners and operators. The Cybersecurity
Capability Maturity Model, developed by the Department of Energy in partnership with industry and others, can identify and
assess various practices for energy sector cybersecurity. In many cases, there is an opportunity for owners and operators of
critical infrastructure to invest more in people, processes, and technology that can improve security and resilience. The model
can assist those responsible for overseeing cybersecurity decisions.

Develop and deploy cutting-edge technical solutions. Experience indicates that proactive measures taken on the basis
of advanced research and development can provide a defensive edge. The Department of Energy has partnered with energy
sector owners, operators, and vendors since 2006 to research, develop, and deploy cybersecurity solutions according to a set
of near-, mid-, and long-term objectives outlined in the “Roadmap to Achieve Energy Delivery Systems Cybersecurity,” which
was developed through government-industry partnership.

Build a strong incident management capability. Government and industry are developing a strong capability to respond to serious
cybersecurity incidents in the energy sector. Incident response plans need to be developed, vetted, and tested through progressively
challenging exercises, culminating in a capstone-type exercise like GridEx, which is hosted by the North American Electric Reliability
Corporation. Future exercises could address the interdependency between the electricity subsector and the oil and gas subsector.

“ DOE’s Office of Energy Policy and Systems Analysis requested that Argonne National Laboratory’s Infrastructure Assurance Center
conduct an analysis of the protection and resilience information collected through DHS’s Enhanced Critical Infrastructure Program
Initiative, which conducts facility site visits and surveys. The primary objective of this analysis was to identify gaps in preparedness

and rapid recovery measures for surveyed energy facilities. The analysis was conducted on 273 energy facilities (170 electricity, 45
liquid fuels, and 15 natural gas) using data collected from January 2011 through September 2014.
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This chapter has laid out a broad range of crucial issues and questions relating to improving the
resilience, reliability, security, and safety of energy TS&D infrastructures. To continue to drive progress
toward improving these key energy infrastructures, we recommend taking the following additional
actions:

Develop comprehensive data, metrics, and an analytical framework for energy infrastructure
resilience, reliability, and asset security: Multiple gaps in federally accessible data impede decision
making on policies and investment related to resilience, reliability, and security. These data are
critical for understanding the extent to which our existing energy infrastructure is resilient and

for better informing resilience investments. DOE, in collaboration with DHS and interested
infrastructure stakeholders, should develop common analytical frameworks, tools, and metrics to
assess the resilience, reliability, and security of energy infrastructures. The purpose of this work will
be to help inform, coordinate, set priorities for, and justify expenditures across Federal agencies to
increase the resilience, reliability, and security of energy infrastructure.

Establish a competitive program to accelerate pipeline replacement and enhance maintenance
programs for natural gas distribution systems: The proposed DOE program would provide
Federal competitive financial assistance to states to incentivize cost-effective improvements in the
safety and environmental performance of natural gas distribution systems. Specifically, it would
target transitional assistance (for a 3- to 4-year period) to help low-income households absorb initial
rate increases related to these activities; it would also provide incentives to accelerate the reduction
of methane emissions through repairs of other system components. This includes programs to
accelerate the rate of replacement and repair of pipelines made of leak-prone materials and direct
inspection and maintenance to reduce emissions from regulators and meters at city gate facilities.
Providing rate assistance to low-income customers could incentivize states to expand current special
regulatory cost-recovery programs, which in turn would facilitate increased private investment in
infrastructure modernization. (See additional discussion on employment and workforce training in
Chapter VIII, Enhancing Employment and Workforce Training).

The program would be implemented through financial assistance to states awarded on a nationwide
competitive basis. State applicants would be required to demonstrate how the proposed financial
assistance would be integrated with rate-setting programs that would ensure that the funds are
applied to the targeted beneficiaries. Applications could be prioritized for funding based on
estimated net benefits of the proposal, considering factors such as enhancement of public safety,
magnitude of methane emission reduction, innovation in technical and policy approaches, number
of beneficiaries, and overall cost effectiveness. DOE would establish specific guidelines for each of
the evaluation criteria.

The estimated cost for this program is $2.5 billion to $3.5 billion over 10 years.
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QER Recommendations (continued)

Support the updating and expansion of state energy assurance plans: DOE began a State Energy
Assurance Planning Initiative in 2009 with funding from the American Recovery and Reinvestment

Act of 2009. The President’s Fiscal Year 2016 Budget proposes $35 million to establish a State Energy

Assurance grant program to finance state, local, and tribal governments to continue this important
task. DOE should continue a multi-year program of support for state energy assurance plans,
focusing on improving the capacity of states and localities to identify potential energy disruptions,
quantify their impacts, and develop comprehensive plans that respond to those disruptions and
reduce the threat of future disruptions.

The specific objectives of this initiative should be as follows:

1. Strengthen and expand state, local, and tribal energy assurance planning and resilience
efforts by incorporating innovative technologies and measures to improve resilience.

2. Build state in-house energy assurance expertise.

3. Build regional energy assurance capability to allow states, localities, and tribes to better
identify the potential for energy disruptions, quantify the impacts of those disruptions,
and develop comprehensive mitigation and response plans.

4. Address the disproportionate impacts of potential energy disruptions on vulnerable or
underserved communities.

Energy assurance plans funded under this recommendation should be continually updated to
reflect changing conditions and new threats and should be tested for adequacy in simulations
or exercises to maintain staff capacity to implement the plans.

As part of updating the state energy assurance plans, states would be encouraged to work
with industry and each other to identify locations where energy infrastructure is particularly
vulnerable to disruption (e.g., by physical attack) and craft effective strategies to reduce
vulnerability and coordinate preparedness and response plans.

As part of these plans, states should also assess needs for backup electricity at retail gasoline
stations along emergency evacuation routes.

DOE should encourage strong intergovernmental coordination to ensure state and local
energy assurance plans interface with one another, as well as with Federal and private sector
disaster and emergency response plans.

Having a state energy assurance plan that meets a threshold of completeness and rigor
should be an eligibility requirement for other kinds of Federal funding related to energy
infrastructure.

This program should be supported on either a 2-year or 3-year cycle.

On a 3-year cycle, the estimated support needed for this program over 10 years is $350 million. On a
2-year cycle, the estimated support needed for this program over 10 years is $500 million.
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QER Recommendations (continued)

Establish a competitive grant program to promote innovative solutions to enhance energy
infrastructure resilience, reliability, and security: DOE should establish a program to

provide competitively awarded grants to states to demonstrate innovative approaches to TS&D
infrastructure hardening and enhancing resilience and reliability. A major focus of the program
would be the demonstration of new approaches to enhance regional grid resilience, implemented
through the states by public and publicly regulated entities on a cost-shared basis, incorporating
lessons learned from new data, metrics, and resilience frameworks.

« An example of such a project is the N] TRANSITGRID, which incorporates renewable energy,
distributed generation, and other technologies to provide resilient power to key N TRANSIT
stations, maintenance facilities, bus garages, and other buildings. Through a microgrid design,
NJ TRANSITGRID will also provide resilient electric traction power to allow NJ TRANSIT
trains on critical corridors, including portions of the Northeast Corridor, to continue to
operate even when the traditional grid fails.'"*® This project received $410 million from the
Department of Transportation in late 2014 and partnered with DOE on project design.

« The Department of Housing and Urban Development’s National Disaster Resilience
Competition, which supports innovative resilience projects at the local level, could also serve
as a model for types of projects to be funded, with a specific focus on energy.

« The grant program should also include incentives to establish mandatory resilience standards
and codes. States, tribes, and local governments with resilience standards in place would be
eligible to receive cost-shared grant funding. Approved state energy assurance plans could
also be a criterion for eligibility.

The estimated cost for this program is $3 billion to $5 billion over 10 years.

Analyze the policies, technical specifications, and logistical and program structures needed to
mitigate the risks associated with loss of transformers: As part of the Administration’s ongoing
efforts to develop a formal national strategy for strengthening the security and resilience of the
entire electric grid for threats and hazards (planned for release in 2015), DOE should lead—in
coordination with DHS and other Federal agencies, states, and industry—an initiative to mitigate the
risks associated with the loss of transformers. Approaches for mitigating this risk should include the
development of one or more transformer reserves through a staged process.

o The staged process should begin with an assessment of technical specifications for reserve
transformers, where transformers would be located and how many would be needed, how
transformers would be secured and maintained, how transformers might be transported, and
whether new Federal regulatory authorities or cost share are necessary and appropriate. These
reserves may include smaller, deployable transformers.

+ The analysis under this process should both recognize significant efforts already underway
by industry to share transformers and parts, including planning for surge manufacturing
and long-term standardization of transformer designs, and build on policy work already
underway by Federal regulators.
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QER Recommendations (continued)

Analyze the need for additional or expanded regional product reserves: The benefits of an RPPR
derive from its ability to replace lost product supplies in emergency situations and mitigate sharp
increases in petroleum product prices. DOE should undertake updated cost-benefit analyses for

all regions of the United States that have been identified as vulnerable to fuel supply disruptions.
Additional or expanded RPPRs could be supported, depending on the outcome of these studies.

Integrate the authorities of the President to release products from RPPRs into a single, unified
authority: Congress should amend the trigger for the release of fuel from NEHHOR and from the
Northeast Gasoline Supply Reserve so that they are aligned and properly suited to the purpose of a
product reserve, as opposed to a crude oil reserve.
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RECOMMENDATIONS IN BRIEF:
Increasing the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure

Develop comprehensive data, metrics, and an analytical framework for energy infrastructure resilience,
reliability, safety, and asset security. The Department of Energy (DOE), in collaboration with the Department of Homeland
Security and interested infrastructure stakeholders, should develop common analytical frameworks, tools, metrics, and data to
assess the resilience, reliability, safety, and security of energy infrastructures.

Establish a competitive program to accelerate pipeline replacement and enhance maintenance programs for
natural gas distribution systems. DOE should establish a program to provide financial assistance to states to incentivize
cost-effective improvements in the safety and environmental performance of natural gas distribution systems, through targeted
funding to offset incremental costs to low-income households and funding for enhanced direct inspection and maintenance
programs.

Support the updating and expansion of state energy assurance plans. DOE should undertake a multi-year program
of support for state energy assurance plans, focusing on improving the capacity of states and localities to identify potential
energy disruptions, quantify their impacts, share information, and develop and exercise comprehensive plans that respond to
those disruptions and reduce the threat of future disruptions.

Establish a competitive grant program to promote innovative solutions to enhance energy infrastructure
resilience, reliability, and security. DOE should establish a program to provide competitively awarded grants to states to
demonstrate innovative approaches to transmission, storage, and distribution (TS&D) infrastructure hardening and enhancing
resilience and reliability. A major focus of the program would be the demonstration of new approaches to enhance regional
grid resilience, implemented through the states by public and publicly regulated entities on a cost-shared basis.

Analyze the policies, technical specifications, and logistical and program structures needed to mitigate the
risks associated with loss of transformers. As part of the Administration’s ongoing efforts to develop a formal national
strategy for strengthening the security and resilience of the entire electric grid for threats and hazards (planned for release in
2015), DOE should coordinate with the Department of Homeland Security and other Federal agencies, states, and industry—
an initiative to mitigate the risks associated with the loss of transformers. Approaches for mitigating this risk should include
the development of one or more transformer reserves through a staged process.

Analyze the need for additional or expanded regional product reserves. DOE should undertake updated cost-
benefit analyses for all regions of the United States that have been identified as vulnerable to fuel supply disruptions to inform
subsequent decisions on the possible need for additional regional product reserves.

Integrate the authorities of the President to release products from regional petroleum product reserves into
a single, unified authority. Congress should amend the trigger for the release of fuel from the Northeast Home Heating
Oil Reserve and from the Northeast Gasoline Supply Reserve so that they are aligned and properly suited to the purpose of a
product reserve, as opposed to a crude oil reserve.
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Chapter 111

MODERNIZING THE
ELECTRIC GRID

This chapter examines how the electricity grid of the future can provide
affordable and reliable clean electricity, while minimizing further human
contributions to climate change. After an introduction to the structure of the
U.S. electrical grid, the chapter lays out a vision for its transformation and
describes the drivers of change toward the future grid. These major drivers
cover challenges and opportunities that affect transmission and distribution
grids, involve new technologies and services, and require careful consideration
of the diverse institutions and business models currently involved in managing
the grid. After discussion of a policy framework for the grid of the future, the
chapter concludes by presenting a series of recommendations, divided into
three major categories: (1) research and development, analysis, and other
studies; (2) state and regional planning and managing across jurisdictions; and
(3) appropriate valuation, standards, and measurement methods to facilitate
the introduction of new technologies and practices to improve the grid.
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FINDINGS IN BRIEF:
Modernizing the Electric Grid

Investments in transmission and distribution upgrades and expansions will grow. It is anticipated that in the next
two decades, large transmission and distribution investments will be made to replace aging infrastructure; maintain reliability;
enable market efficiencies; and aid in meeting policy objectives, such as greenhouse gas reduction and state renewable energy
goals.

Both long-distance transmission and distributed energy resources can enable lower-carbon electricity. The
transmission network can enable connection to high-quality renewables and other lower-carbon resources far from load
centers; distributed energy resources can provide local low-carbon power and efficiency.

The potential range of new transmission construction is within historic investment magnitudes. Under nearly
all scenarios analyzed for the Quadrennial Energy Review, circuit-miles of transmission added through 2030 are roughly equal
to those needed under the base case. And while those base-case transmission needs are significant, they do not appear to
exceed historical yearly build rates.

Flexible grid system operations and demand response can enable renewables and reduce the need for new
bulk-power-level infrastructure. End-use efficiency, demand response, storage, and distributed generation can reduce the
expected costs of new transmission investment.

Investments in resilience have multiple benefits. Investments in energy efficiency, smart grid technologies, storage, and
distributed generation can contribute to enhanced resiliency and reduced pollution, as well as provide operational flexibility for
grid operators.

Innovative technologies have significant value for the electricity system. New technologies and data applications
are enabling new services and customer choices. These hold the promise of improving consumer experience, promoting
innovation, and increasing revenues beyond the sale of electric kilowatt-hours.

Enhancing the communication to customer devices that control demand or generate power will improve the
efficiency and reliability of the electric grid. For example, open interoperability standards for customer devices and
modified standards for inverters will improve the operation of the grid.

Appropriate valuation of new services and technologies and energy efficiency can provide options for the
utility business model. Accurate characterization and valuation of services provided to the grid by new technologies can
contribute to clearer price signals to consumers and infrastructure owners, ensuring affordability, sustainability, and reliability
in a rapidly evolving electricity system.

Consistent measurement and evaluation of energy efficiency is essential for enhancing resilience and
avoiding new transmission and distribution infrastructure. Efficiency programs have achieved significant energy
savings, but using standard evaluation, measurement, and verification standards, like those recommended by the Department
of Energy’s Uniform Methods Project, is key to ensuring that all the benefits of efficiency are realized, including avoiding the
expense of building new infrastructure.

States are the test beds for the evolution of the grid of the future. Innovative policies at the state level that reflect
differences in resource mix and priorities can inform Federal approaches.

Different business models and utility structures rule out “One-Size-Fits-All” solutions to challenges. A range of
entities finance, plan, and operate the grid. Policies to provide consumers with affordable and reliable electricity must take into
account the variety of business models for investing, owning, and operating grid infrastructure.

Growing jurisdictional overlap impedes development of the grid of the future. Federal and state jurisdiction over
electric services are increasingly interacting and overlapping.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015



The Electric Grid in Transition

The United States has one of the world’s most reliable, affordable, and increasingly clean electric systems—a
system that powers its economy and provides for the well-being of its citizens. The U.S. electric system is at a
strategic inflection point—a time of significant change for a system that has had relatively stable rules of the
road for nearly a century.

The structure of today’s U.S. electric grid grew organically over the course of the last century (see Figure 3-1).
Historically, it was geographically based—with one-way flows of energy from central station generators, over
transmission networks, through substations to distribution systems, and over radial distribution circuits to
end-use customers.

Figure 3-1.The Electric Grid'
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Six components comprise the grid: four physical components, including generation, transmission, distribution, and storage; the information
infrastructure to monitor and coordinate the production and delivery of power and operate the grid; and customer demand—the driver of power
system operation and investment. New storage technologies could be deployed throughout the power system in the future.

The U.S. electricity sector is influenced by a variety of new forces, some of which will affect the future growth
and management of the grid. Current drivers of change within the electricity sector include the growing use of
natural gas to power electricity generation; low load growth; increasing deployment of renewable energy and
the retirement of coal and nuclear generation; severe weather and climate change; and growing jurisdictional
interactions at Federal, state, and local levels. Innovative technologies and services are being introduced to

the system at an unprecedented rate, often increasing efficiency, reliability, and the roles of customers, but also
injecting uncertainty into grid operations, traditional regulatory structures, and utility business models.

The changing nature of grid operations, the implications of demand response and distributed generation
deployment at increasing scale, the introduction of other new technologies, and growing consumer interaction
with the grid are putting pressure on the regulatory boundaries that have evolved over the past century.
Resolving the institutional, regulatory, and business model issues that could enable the grid of the future will
help the United States take full advantage of the range of available energy sources and technologies that will
help meet its climate change goals. These sources and technologies include energy efficiency; energy storage;
carbon capture, utilization, and storage; electric vehicles; microgrids and other distributed technologies; and
nuclear, natural gas, and renewable energy generation. A positive resolution of these issues will also help
mitigate the growing vulnerabilities of the grid to cyber, physical, and climate change threats, as well as ensure
the grid’s reliability under its current institutional structures.
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The Electric Grid: Complex, Highly Engineered, Essential for Modern Life

At the core of the electricity system is the grid—a complex, highly engineered network that coordinates the
production and delivery of power to customers. There are six elements that make up the grid (see Figure
3-1)—four physical components of the electric system (generation, transmission, distribution, and storage);
the information infrastructure to monitor and coordinate the production and delivery of power and operate
the grid; and demand—the driver of power system operation and investment. Transmission, storage, and
distribution (TS&D) provide the backbone of the grid, with storage increasingly deployed throughout the
power system.

Today, the U.S. transmission and distribution system is a vast physical complex of interlocked machines and
wires, with a correspondingly complex set of institutions overseeing and guiding it through policies, statutes,
and regulations. The U.S. grid delivers approximately 3,857 terawatt-hours? of electrical energy from electric
power generators to 159 million residential, commercial, and industrial customers.* This is accomplished via
19,000 individual generators at about 7,000 operational power plants in the United States with a nameplate
generation capacity of at least 1 megawatt (MW).? These generators send electricity over 642,000 miles of high-
voltage transmission lines and 6.3 million miles of distribution lines.* Together with its electric generation
component, the grid is sometimes referred to as the world’s largest machine; in 2000, the National Academy of
Engineering named electrification as the greatest engineering achievement of the 20th century.

Transmission is the high-voltage transfer of electric power from generating plants to electrical substations
located near demand or load centers. As shown in Figure 3-1, step-down substations are the boundary between
the transmission system and the distribution system that serve retail customers. High-voltage transmission
lines can more easily accommodate two-way flows of electricity than the distribution network. High-voltage
transmission lines have a range of voltage classes—mostly alternating current with some direct current.
Transmission lines are primarily owned by investor-owned utilities and public power and cooperative-owned
utilities within each interconnection. New forms of ownership of transmission assets, including independent
transmission companies and “pure-play” merchant transmission firms, are beginning to emerge. For the

new transmission-focused utilities, the core business and potential source of profits is based on acquiring,
developing, building, and operating transmission.

Distribution is the delivery of power from the transmission system to the end users of electricity. Distribution
substations connect to the transmission system and lower the transmission voltage to medium voltage. This
medium-voltage power is carried on primary distribution lines, and after distribution transformers lower

the voltage, secondary distribution lines carry the power to customers. Larger industrial customers may be
connected directly at the primary distribution level. The poles supporting distribution lines, meters measuring
usage, and related support systems are also considered to be part of the distribution system.

A Vision for the Grid of the Future

Today’s grid—where power typically flows from central station power plants in one direction to consumers—is
fundamentally different from the grid of the future, where two-way power flow will be common on both long-
distance, high-voltage transmission lines and the local distribution network.

The grid of the future will be an essential element in achieving the broad goals of promoting affordable,
reliable, clean electricity and doing so in a manner that minimizes further human contributions to climate
change. To do this, the grid of the future will have to accommodate and rely on an increasingly wide mix of

¢ Here, a “customer” is defined as an entity that is consuming electricity at one electric meter. Thus, a customer may be a large factory, a
commercial establishment, or a residence. A rough rule of thumb is that each residential electric meter serves 2.5 people.
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resources, including central station and distributed generation® (some of it variable in nature), energy storage,
and responsive load. It should support a highly distributed architecture that integrates the bulk electric and
distribution systems. It should enable the operation of microgrids that range from individual buildings to
multi-firm industrial parks and operate in both integrated and autonomous modes.

New technologies for the grid, including storage, will alter the traditional real-time requirements for grid
operations and the nature of production, transmission, and distribution of power—opening up new avenues
for flexible and cost-effective operation of the grid.

The grid of the future should be supported by a secure communication network—its information backbone—
that will enable communication among all components of the grid, from generation to the customer level, and
protect the system from cyber intrusions. This communication network will support the ability to monitor
and control time-sensitive grid operations, including frequency and voltage; dispatch generation; analyze

and diagnose threats to grid operations; fortify resilience by providing feedback that enables self-healing of
disturbances on the grid; and evaluate data from sensors (such as phasor measurement units®) that enable the
grid to maximize its overall capacity in a dynamic manner.

In short, the grid of the future should seamlessly integrate generation, storage, and flexible end use. It should
promote greater reliability, resilience, safety, security, affordability, and enable renewable energy, while achieving
better economic and environmental performance, including reductions in greenhouse gas (GHG) emissions.

It will require business models and regulatory approaches that sustain grid investment and continued
modernization while at the same time allow for innovation in both technologies and market structures.

The Department of Energy’s (DOE’s) Quadrennial Technology Review summarizes the technology challenges
and research, development, and demonstration requirements for transforming the grid and achieving this
vision. The Quadrennial Energy Review (QER) therefore focuses on the institutional, regulatory, and business
model barriers to achieving the grid of the future.

Emerging Architecture of the Grid

The architecture of the grid is a new, emerging concept that defines the grid as not just a physical structure, but
one that encompasses a range of actors and needs.® This new, broader concept of a grid architecture considers
information systems, industry, regulators, and market structures; electric system structure and grid control
frameworks; communications networks; data management structure; and many elements that exist outside

the utility but interact with the grid, such as buildings, distributed energy resources, and microgrids. The

grid’s architecture is shaped by public policy, business models, historical and even cultural norms of practice,
technology, and other factors. Analyses conducted for the QER (see box on page 3-6) focused on the complex
interactions of these players and qualities, with the goal of suggesting recommendations to help drive toward a
vision of actively shaping the grid of the future, as opposed to passively allowing the grid to evolve in a bottom-
up manner and waiting to see the form that emerges. Analyses carried out for the QER also considered the
drivers of change and how those drivers affect both today’s grid and the future grid.

b There are a variety of options for distributed generation, including photovoltaics, wind, low-head hydropower, combined heat and
power, and fuel cells.

¢ Phasor measurement units operate by the simultaneous measurement and comparison of an important electrical property of
large-scale alternating current transmission networks known as “phasor angles,” thus the name “phasor measurement units.” This
will provide valuable real-time early warning of potential grid problems, including over very large geographic regions, when the
technology is fully deployed and related tools to use the information are implemented.
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Electricity Transmission Scenario Analysis

Quadrennial Energy Review scenario analysis used the Regional Energy Deployment System model to determine the impact of
varying 10 input assumptions, individually and in combination, on U.S. transmission needs (see Chapter |, Introduction, Table 1-2
for the complete list of cases). The majority of cases characterized clean energy futures, in which renewable energy costs (such as
solar and wind) dropped dramatically, or a greenhouse gas cap drove low- and carbon-free electricity generation deployment. An
accelerated nuclear retirement case looked at the effect of the rapid loss of baseload capacity and is discussed in depth in Appendix C.
The Quadrennial Energy Review focused on these cases as most likely to “stress” the transmission system, as they would produce
significant changes in the electricity sector, and thus large potential changes in transmission needs.

Under the Annual Energy Outlook 2014 Reference case, installed megawatt-miles of transmission infrastructure grew by

0.3—1.5 percent per year and 6 percent total through 2030. While there was a range of new installed transmission across the
scenarios, none of the scenarios appeared to require additional buildout beyond that already anticipated in the 2030 timeframe, nor
did rates in any scenario exceed recent historical transmission investment levels.

Drivers of Change for the Grid of the Future: Transmission and
Distribution

While the architecture of the grid of the future extends well beyond the physical structure of the system, a
discussion of the drivers of change for the grid of the future should start with a consideration of the changes
that will likely affect both transmission and distribution systems. Both systems may continue to grow in
physical size to meet new needs, including demands for lower carbon electricity, but investments to facilitate
flexible operations and resilience can enable smart growth, so both transmission and distribution systems can
serve customer needs more effectively and economically.

Investments in Transmission Are Expected to Grow

Transmission development and planning activity has been on the rise since the early 2000s, reversing a
decades-long decline following the historic build-out of the transmission system in the mid-20th century. As an
asset class, transmission attracts significant investment from utilities, financial investors, and project developers.
Investor-owned utilities spent a record high of $16.9 billion on transmission in 2013,” up from $5.8 billion in
2001.* The number of circuit miles added to the Nation’s transmission networks has also been on the rise in recent
years (see Figure 3-2), but new line construction accounts for just slightly more than half of total investments.’
Non-line investments—including station equipment, fixtures, towers and undergrounding lines—were increasing
even during the lowest period of circuit miles construction from 1997 to 2012 (see Figure 3-3).

Drivers of recent investment increases include new technologies for improved system reliability; development
of new infrastructure to ease congestion; interconnection of new sources of generation, including renewable
resources; and support for production of natural gas. These investments have very distinct regional
characteristics based on the different resources and constraints of each region.'>'" The largest increase in
transmission spending over the last 15 years occurred in the Western Electricity Coordinating Council, with
much of the transmission expansion happening in southern California to relieve constraints and connect to
renewable resources."

Looking forward over the next several years, a high level of transmission investment is expected to replace
aging infrastructure; maintain system reliability; facilitate competitive wholesale power markets; and aid
regions in meeting their public policy objectives, such as GHG reduction and renewable energy goals."* How
much new transmission capacity is built in the future depends on a number of factors, including the amount
of transmission necessary to connect high-quality wind, solar, and other energy resources to load centers;
uncertainty about state and Federal incentives like the Production Tax Credit; flat or declining electricity
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demand; and the costs of alternative generation and demand-side resources. For renewables, an additional
uncertainty is whether time of permitting or the costs of additional transmission facilities may lead to the
development of wind or solar resources that are of lower quality but closer to load (Appendix C, Electricity,
includes a more in-depth discussion of transmission). Nevertheless, there are a number of long-distance
interregional transmission lines now in various stages of market development.'* *

Figure 3-2. Historic and Projected Expansion of Net Transmission Circuit Miles'
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Addition of new circuit miles to the Nation’s transmission system has increased in recent years after over a decade of lower build-out. This increase
has been driven by investments to replace aging infrastructure; maintain system reliability; facilitate competitive wholesale power markets; and
support public policy objectives, such as GHG reduction and renewable energy goals. Circuit miles constructed in a year vary more than total
transmission infrastructure spending, which has had an upward trend since the late 1990s. Note that historical values are year to year reported net
changes in total circuit miles.
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Figure 3-3. Investment in Transmission Infrastructure by Investor-Owned Utilities, 1997-2012"
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Spending on the various components of transmission infrastructure has steadily increased since the late 1990s, driven by factors ranging from the
need to replace aging materials, to the development of new technology for increased reliability, to requirements to connect new generation.

Both Long-Distance Transmission and Distributed Energy Resources Can
Enable Lower-Carbon Electricity

Both bulk and distributed technologies have the potential to supply low-carbon electricity, enhance system
reliability, and operate at a reasonable cost for all consumers. High-quality renewable energy sources suitable
for utility-scale generation facilities are often located in remote areas. New long-distance transmission lines
may be necessary in the future to connect these resources to demand centers. Conversely, other factors, such as
extensive deployment of distributed energy resources, could potentially reduce the need for additional long-
distance transmission build-out in the future.

The analyses conducted for the QER examined transmission capacity needs in 2030 under a variety of
scenarios (this analysis did not consider distribution line needs). One scenario considered in QER analyses
modeled transmission capacity necessary to accommodate high deployment of low-cost distributed energy
resources using low-cost solar photovoltaic (PV) as a proxy for all types of distributed generation. The results
of scenario modeling show that changes in transmission requirements through 2030 for a high-distributed
PV case vary by region. In most regions, 2030 transmission needs are similar to those for a scenario based

on the Annual Energy Outlook 2014 Reference case—high deployment of very low-cost distributed energy
resources does not eliminate the need for additional transmission capacity. In fact, transmission requirements
in the Upper Midwest and Great Lakes regions increase slightly under the distributed PV scenario in order to
optimize remaining baseload resources.
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In the Southwest, transmission build-out requirements do, however, drop somewhat with expanded distributed
PV because less utility-scale PV would be built in that region. This same effect is seen to a smaller extent

in other Western regions. A review of three DOE-funded interconnection-wide studies, performed with
American Recovery and Reinvestment Act of 2009 grants from 2012 to 2014, showed that scenarios combining
high levels of end-use efficiency, demand response, and distributed generation can reduce the expected costs
of new transmission investment. One 20-year scenario modeled in the Western Interconnection resulted in a
reduction of $10 billion in transmission capital costs (or 36 percent below the base case).'®

There are multiple technology innovations that could provide new long-distance transmission options. A
serious physical challenge of high-voltage transmission lines is that the physics and safety factors require
certain distances between the conducting wires and the ground and persons. Opponents of new transmission
lines have called the resulting towers unsightly, intrusive, or “visual pollution.” Ways to reduce additional
issues with siting include the use of existing transmission line corridors, as well as technology fixes, such as
higher-capacity-conducting materials, high-voltage underground lines, and even superconducting cables
(also underground). Encouraging progress has been made on higher-capacity conductors that can be restrung
on existing towers and on underground high-voltage direct current cables. These technologies should be
considered and used when appropriate.

Flexible Grid System Operations and Demand Response Enable Variable
Renewables and Reduce Need for New Infrastructure

All power systems have been designed with some level of flexibility to accommodate variable and uncertain
load and contingencies related to network and conventional power plant outages. Flexibility is the ability of a
resource—whether it is a component or a collection of components of the power system—to respond to the
scheduled or unscheduled changes of power system conditions at various operational timescales (see Figure
3-4 for the timescale of different grid operations and planning functions)."

Figure 3-4. Transmission Operation and Planning Functions Shown by Timescale?
Generator

Protection  Primary Control
and AGC*

Economic Unit Mid-Term Expansion
Dispatch Commitment Planning Planning

e —————————
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* Automatic Generation Control

Reliable and affordable electricity from the grid requires a continuum of operating, planning, and investment decisions over a wide-time horizon.

Grid operators must respond to trends affecting load patterns across a range of timescales, such as decreased
demand growth, the changing demand patterns across the day, increased variable renewables, power plant
retirements, and more extreme weather events. Many recent analyses lay out options for flexible electric
systems.*! Increased electric system flexibility can come from a portfolio of supply- and demand-side options,
including grid storage, more responsive loads, changes in power system operations, larger balancing areas,
flexible conventional generation, and new transmission.*
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Chapter Ill: Modernizing the Electric Grid

Power Marketing Administrations: Valuable Federal Transmission Assets

Designed to provide customers access to electricity generated by Federal hydroelectric dams, the four Federal Power Marketing
Administrations, along with the Tennessee Valley Authority, have a significant footprint within the North American grid. Today,
in varying degrees, the operation, maintenance, and improvements to these Federal transmission assets are funded by revenues
from and investments by preference customers. Honoring this unique customer-provider relationship, Congress has established
two programs that build on the expertise of the Power Marketing Administrations. One is the Section 1222 program established
by the Energy Policy Act of 2005 that authorizes the Department of Energy, through the Southwestern and/or Western Area
Power Administrations, to partner with third parties to build transmission projects. There is one applicant proposing a line from
wind resources in Oklahoma to Tennessee.® The other program is the Transmission Infrastructure Program established by the
American Recovery and Reinvestment Act of 2009. The program allows the Western Area Power Administration to provide loans
to and partner on transmission projects within its service area that support the development of renewable resources. The first
Transmission Infrastructure Program project, the Montana to Alberta Tie Line, created 300 megawatts (MW) of transmission
capacity specifically for renewable energy. The project immediately enabled 189 MW to be deployed from the Rim Rock wind
farm in Montana to markets.” The second project to be completed is Electrical District 5 — Palo Verde Hub. In this solar-rich area,
the Electrical District 5 — Palo Verde Hub adds up to 410 MW of bi-directional capacity to the electric grid, including 254 MW of
capacity connecting to the vital Palo Verde market hub that serves markets in Arizona, southern California, and Nevada.?

¢ Department of Energy. “Proposed Project: Plains and Eastern Clean Line?” http:/energy.gov/oe/services/electricity-policy-
coordination-and-implementation/transmission-planning/section-1222-0. Accessed February 1, 2015.

¢ Enbridge. “Montanar-Alberta Tie-Line.” http://Awww.enbridge.com/DeliveringEnergy/Power-Transmission/Montana-Alberta-
Tie-Line.aspx. Accessed February 1, 2015.

f NaturEner. “Rim Rock Wind Farm? http://www.naturener.us/rimrock. Accessed February 1, 2015.

¢ Western Area Power Administration. “Electrical District No. 5 - Palo Verde Hub Project”” http://ww2.wapa.gov/sites/western/
transmission/tip/project/pages/ed5pvh.aspx. Accessed February 1, 2015.

Demand Response

Demand response improves flexibility by enabling consumers to participate in load control; it could also
reduce the need for new infrastructure. Demand response mechanisms can include automated load control,
smart grid and smart metering, real-time pricing, and time-of-use tariffs. Demand response can be a cost-
effective grid resource; though, it requires strict regulations for response time, minimum magnitude, reliability,
and verifiability of demand-side resources. Experience in the Texas wholesale electricity system and, more
recently, in California shows that market designs that include demand response participation can markedly
improve system flexibility. For example, industrial customers supply a significant portion of the Electric
Reliability Council of Texas’s responsive (spinning) reserves and have demonstrated the ability to effectively
respond within minutes to a dramatic change in wind output.*

Energy Storage

Energy storage technologies, including pumped hydro storage, thermal storage, hydrogen storage, and batteries
provide valuable system flexibility. Storage is unique because it can take energy or power from the grid, add
energy or power to the grid, and supply a wide range of grid services on short (sub-second) and long (hours)
timescales. It can supply a variety of services simultaneously. For example, concentrating solar power paired
with highly efficient thermal storage becomes a dispatchable resource (meaning grid operators can control

the power output) available throughout the day. Many storage technologies (e.g., batteries, flywheels, and
supercapacitors) have fast response rates (seconds to minutes) available over a short time frame; other storage
technologies, such as compressed air energy storage, are better suited to offer flexibility in the time frame of
hours to days. Pumped hydro storage is usable on a timescale from seconds to days.
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Pumped hydro storage currently represents the largest share of storage in the United States, with 42 pumped hydro
storage plants totaling about 22 gigawatts of installed capacity, which is equivalent to about 2 percent of U.S. electricity
generation capacity.” There are currently an additional 37 gigawatts of projects that are in some stage of licensing at
the Federal Energy Regulatory Commission (FERC).* The original pumped hydro storage plants were built to store
power to release at peak demand. New technology (such as variable speed pumps) enable pumped hydro storage to
provide ancillary services (i.e., functions that maintain the reliability of the grid); integrate variable renewables; and
provide other services, such as restarting down generators during an outage. Under current market structures, options
such as dispatchable natural gas are cheaper and faster to permit than pumped hydro storage. FERC has a pilot project
underway to test a shorter 2-year licensing process for pumped hydro storage.

Federal and State Activities to Promote Storage

Department of Energy (DOE) support for valuation, early deployment, and education has contributed to storage adoption. For
example, Federal Energy Regulatory Commission Order 755 cited a DOE lab study showing that “energy storage resources (such
as flywheels and batteries) could be as much as 17 times more effective than conventional ramp-limited regulation resources”
for providing frequency regulation." The order requires payment for frequency regulation resources based on a resource's speed
and accuracy,’ resulting in significant growth of storage installations in markets such as PJM.I The recent DOE Energy Storage
Safety Strategic Plan addresses institutional barriers to enhance the safety and reliability of storage.k

States have built on these advances to bring storage benefits to closer to the mainstream. California, home to multiple
DOE-funded storage demonstrations," ™" has been aggressive with policies to promote storage, first with a program to
incentivize behind-the-meter storage, and then with its storage mandate, which will require the state’s three utilities to deploy
1,325 megawatts of storage by 2020.° In Hawaii, recent wind installations in Maui and Oahu have been paired with energy
storage,” and Hawaiian Electric Company opened a solicitation for up to 200 MW of storage “to meet its goal of adding

more renewable generation to the 0'ahu grid."? Other states, including Arizona’ and New York,* have approved or are actively
encouraging their utilities to consider storage.

" Makarov, Y.V. et al. “Assessing the Value of Regulation Resources Based on Their Time Response Characteristics” Pacific
Northwest National Laboratory. June 2008. In: 137 FERC 61,064. p. 35. 2011.

! Federal Energy Regulatory Commission. “Frequency Regulation Compensation in the Organized Wholesale Power Markets.” 137
FERC 61,064. 2011.

i PJM Independent Market Monitor. “2013 State of the Market Report for PJM.” p. 305. 2013.

k¥ Department of Energy. “Energy Storage Safety Strategic Plan” December 2014. http:/energy.gov/sites/prod/files/2014/12/f19/
OE%20Safety%205Strategic%20Plan%20December%202014.pdf.

! Department of Energy. “Fact Sheet: Borrego Springs MicroGrid.” September 2013. http:/Awww.sgiclearinghouse.org/sites/
default/files/projdocs/1650.pdf.

™ Department of Energy. “Fact Sheet: Wind Firming EnergyFarm” August 2013. http://energy.gov/sites/prod/files/Primus.pdf.

" Department of Energy. “Fact Sheet: Tehachapi Wind Energy Storage Project” May 2014. http://energy.gov/sites/prod/files/
Tehachapi.pdf.

° Maui Electric Company. “Contract with Auwahi Wind Energy LLC” 2011.

P Hawaiian Electric Company. “Request for Proposal (REP# 072114-01) for 60 to 200 MW of Energy Storage for Oahu.” April 30, 2014.
http:/Avww.hawiianelectric.com/portal/site/heco/menuitem.50857678baa14340b4c0610c5 10blca/?vgnextoid=03ebf2
19fe9a5410VgnVCM1000000504 TaacRCD&vgnextchannel=a595ec523c4ae010VgnVCM1000005c01 1bacRCRD&appl
nstanceName=default.

7 California Public Utilities Commission. “Order Instituting Rulemaking Pursuant to Assembly Bill 2514 to Consider the Adoption
of Procurement Targets for Viable and Cost-Effective Energy Storage Systems.” Decision 13-10-040. October 17, 2013.

" Arizona Public Service Company and Residential Utility Consumer Office. “APS AND RUCO JOINT REQUEST FOR REVIEW.”
DOCKET NO. L-00000D-14-0292-00169, Case No. 169. 9 26, 2014.

* Consolidated Edison Company of New York. “Petition for Approval of Brooklyn Queens Demand Management Program.” 14-E-
0302. 2014.
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Chapter Ill: Modernizing the Electric Grid

Traditionally, power generation must meet consumer demand in real time. Storage provides a buffer between
generation and volatility of customer demand. FERC Order 755, adopted in 2011, recognizes the ability of
storage to contribute to frequency regulation on the grid faster than centralized generators. The box on

page 3-11 provides more examples of Federal support for storage development and deployment.

The impact of storage can be location-dependent, so grid operators and regulators need new planning tools
and procedures to make use of storage as a standard grid component and to optimize storage location and

size. Changes in the way the United States values ancillary services can also help make the services provided by
storage a competitive option. In the future, distributed storage (e.g., grid-connected electric vehicles) could be a
transformative technology.

Changes to Power System Operations

Changes to power system operations and markets can provide significant existing flexibility, often at lower
economic costs than building new transmission infrastructure. Operations examples include more frequent
dispatch (which reduces the time frame over which a generator must follow a specified output level), smart
network technologies, and increased plant cycling.

Smart network technologies and advanced network management practices minimize bottlenecks and optimize
transmission usage. They provide unprecedented, real-time visibility across the energy system. Transmission
and distribution planners and operators can use this information to employ the most reliable and cost-eftective
flexibility options. They can consider building new generation and transmission alongside other options like
demand response or bigger balancing areas.

Forecasting and planning are low-cost ways of accessing system flexibility. System operators increasingly
require variable renewable energy generators to forecast power output to improve the ability of system
operators to commit, dispatch resources, deploy reserves, and improve situational awareness.”” Integrating
these data, along with wind and solar plant outage data, into market operations helps variable renewable
energy plants participate in electricity markets.

Market Signals

Market signals can enable flexibility. Establishing short-term market products for flexible capacity (e.g., the
California Independent System Operator (ISO) and Midcontinent ISO’s proposed fast-ramping products)
can also incentivize resources to respond to imbalances over the minutes-to-hours time frame. In market
structures that more comprehensively value services provided to the grid, demand-side resources and storage
could provide low-cost grid services, allowing more efficient grid operations and avoiding generation or
transmission investments.*® Cost savings to the power system attributable to demand response and energy
storage can be much larger than the revenue they can receive in current market structures.”

Investments in Reliability and Resilience Can Have Multiple Benefits

North American Electric Reliability Corporation standards (subject to FERC review, approval, and
independent enforcement authority) require the bulk electric system to withstand certain disruptive events,
including most single contingencies and some multiple contingencies, with no interruption to transmission
service or major customer outages. Some outages, or “non-consequential load losses,” are tolerated in the
case of extreme events, where multiple facilities are taken out of service simultaneously. The North American
Electric Reliability Corporation requires bulk power system owners and operators to have plans in place to
contain extreme events to prevent cascading outages to other regions.*
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Resilience investments can require a substantial change in physical infrastructure, including building physical
barriers or moving equipment, building backup systems, building non-wooden or reinforced poles, and
burying lines underground.’ Resilience investment also includes additional operations and maintenance
activities, which primarily means more thorough tree trimming.*”

Many energy sector investments to mitigate climate change can have co-benefits that make the grid

more resilient to climate change impacts and extreme weather. Investments in energy efficiency, smart

grid technologies, storage, and distributed generation can also contribute to enhanced resilience from
environmental threats.” For example, DOE-funded demonstrations of distribution automation systems
enabled a utility to restore power 17 hours faster following an outage, while other utilities have experienced
marked improvements in outage interruption frequency and duration indices.** In addition to providing added
redundancy, transmission can also provide the operational flexibility to adapt to long-term changes, such as an
increase in the peak-to-average energy demand and water constraints on energy production.*

Drivers of Change for the Grid of the Future: New Technologies and
Services

A second dimension of the emerging architecture for the grid of the future has to do with new or emerging
technological innovations in grid operations. Many of the characteristics that customers desire in the grid of
the future—affordability, reliability, sustainability, and an improved customer experience—will be facilitated by
new technologies. The challenges to speeding the adoption of these technologies include developing network
designs and open standards so they can communicate and operate seamlessly with other elements of the grid,
as well as determining the value of the benefits that they bring to customers.

Innovative Technologies Have Significant Value for the System

An array of new technologies and data applications are enabling new electricity-related services, customer
control choices, and investments that hold the promise of greatly improving electric consumer experience, as
well as promoting a new ecosystem of innovation and revenues beyond the sale of electric kilowatt-hours.

Distributed generation systems provide consumers a number of benefits. According to a 2007 DOE study,*
these benefits include increased electric system reliability; reduction of peak power requirements; provision of
ancillary services, including reactive power; improvements in power quality; reductions in land-use effects and
rights-of-way acquisition costs; and reduction in vulnerability to terrorism and improvements in infrastructure
resilience.

A revolution in information and communication technology is changing the nature of the power system. The
smart grid is designed to monitor, protect, and automatically optimize the operation of its interconnected
elements, including central and distributed generation; transmission and distribution systems; commercial
and industrial users; buildings; energy storage; electric vehicles; and thermostats, appliances, and consumer
devices.”” Smart grid technologies include a host of new and redesigned technologies, such as phasor
measurement units or advanced metering infrastructure, that provide benefits such as increased reliability,
flexibility, and resiliency.? %

Within the delivery portion of the electric grid, smart grid technology is enabling sizable improvements in
distribution and transmission automation. Many of these new technologies are “behind-the-meter;” involving
end-use management or generation on the consumers’ premises; these end-use technologies are not directly
germane to this installment of the QER. Nevertheless, as parts of an integrated electricity system, with growing
effects on TS&D, behind-the-meter technologies do affect and interact with the systems that are the focus

of this QER. For example, engineers will need to design and install components of the grid, such as safety
interlocks, since two-way power flow, introduced by distributed generation, may pose a danger to line workers.
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Emerging technologies on the distribution grid (whether digital communications, sensors, control systems,
digital “smart” meters, distributed energy resources, greater customer engagement, etc.) present both technical
and policy challenges and opportunities for the delivery of energy services. Power grids evolved organically in
a bottom-up manner, as opposed to a centrally coordinated master plan. This build-up has led to large-scale
legacy investments that require significant operating margins to maintain system stability, as opposed to more
refined margins enabled by the rapid and precise control offered by new and emerging technologies.

These changes have injected uncertainties into a utility business model that typically has relied on continued
load growth, steady economic returns, and long payback horizons.*" While regulators, utilities, and the Federal
Government are all engaged in addressing these uncertainties, developing appropriate rate structures for

the benefits these technologies provide to the customer and the grid can be difficult, resulting in either over-
investment or under-investment and higher costs to consumers.

Another key element in the development and use of information technologies on the grid relates to network
coordination. The grid of the future would benefit from overall network architectures that allow for specific
grid elements to be aligned in ways that allow them to contribute to solving problems that affect multiple grid
components. Whole-grid coordination, in which these distributed elements are made to cooperate to solve

a common problem (i.e., overall grid stability), is a key challenge and opportunity for new information and
network technologies and approaches.

There are many other opportunities to infuse advanced technology into key operating elements of the grid.
Some notable opportunities are shown in Table 3-1.

Table 3-1. Examples of Key Technologies for the Grid of the Future®

Grid Component/Opportunity Description

Technologies that adjust power flow at a more detailed and granular level

AC/DC power flow controllers/converters . o
than simple switching.

Controls capable of integrating multiple objectives and operating over longer
Advanced multi-mode optimizing controls time horizons, to replace simple manual and tuning controls, or controls that
operate based only on conditions at single points in time.

Bilaterally fast storage Energy storage in which charge and discharge rates are equally fast and thus
more flexible.

Control frameworks New hybrid centralized/distributed control elements and approaches.

Management of meta-data, including network New tools for obtaining, managing, and distributing grid meta-data, including

models electric network models.

Synchronization of measurements in order to provide more accurate snapshots

Synchronized distribution sensing of what is happening on the grid

Buildings with controls and interfaces that connect and coordinate with grid

Transactive buildings operations in whole-grid coordination frameworks.

Interface technologies, tools, and standards for the general connection

of energy devices to power grids; includes integrated mechanisms for
coordinating those devices with grid operations in whole-grid coordination
frameworks.

“X"-to-grid interface and integration

Distribution System Operation Structure for clear responsibility for distributed reliability.

Innovation will introduce new grid components that are increasingly digitized, can provide new services for customers and grid operators, and
continue to produce and reliably deliver affordable electricity to customers.
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Communication with Customer Devices Will Improve Efficiency and
Reliability of the Grid

The evolving role of the modern-day electricity customer is transforming into a more dynamic, transactive role
in which customers are also becoming participants in electric system operations. Customers can create value
to the electric system in two ways: as both suppliers of responsive demand and producers of distributed power.
As suppliers of responsive demand, customers can provide capacity resources to the system that helps maintain
reliability and affordable prices. As distributed producers of power, customers can provide power that could
reduce total GHG emissions, increase resilience, and forestall infrastructure investments.

Three impediments to realizing customer value are related to communications. First, comprehensive
communication and data standards need to be developed.”” Competing, proprietary systems inhibit

the adoption of technologies and control strategies and drive up the cost of deployment. Second, there

is no uniform approach to characterizing the grid services that end-use devices can provide. Third, the
communication and control interface devices between the customer as a distributed generator and the
distribution system limit the types of service that the distributed generator can provide. In general, the lack of
regulatory structures and standards are impeding the full utilization of information technology to enhance the
efficiency and reliability of the grid.

Low-cost sensors and controls in buildings, distributed generation, electric vehicle charging, end-use storage,
and other innovations make it increasingly important to integrate building devices and control systems with
utility distribution systems to fully enable the development of new value propositions. Customer applications
in residential and commercial buildings could potentially have economic benefits worth $59 billion (in 2009
dollars) by 2019, including packages of pricing, in-home displays, smart appliances, and information portals
that would serve to reduce both energy demand and overall use.* Well-designed control systems also can
increase building efficiency.*

Capturing these benefits requires building communication networks, allowing the components to interoperate
and respond to a facility-wide control. One impediment to fully realizing the benefits of information
technology is the balkanized structure of regulation. Early information technology adoption was accomplished
by vertically integrated utilities that used computers as a tool to enhance their ability to perform existing
functions. New information technology enables new behaviors, market mechanisms, and monitoring and
operating procedures. While the reliability and efficiency of the system can be improved in the long run,

these changes pose a threat to the status quo and have potentially significant unintended consequences and
ambiguous benefits for utilities. As a consequence, there is a general caution associated with the wide-scale
deployment of new information technology infrastructures and devices.

Speeding the adoption and accrual of potential benefits will require coordination of open standard
development and clear business models that enable the benefits to be widely shared. An open standard for
energy devices would be analogous to the voluntary industry USB standard developed in the mid-1990s,
which allowed simple plug-and-play between smart phones, tablets, computers, chargers, printers, games, and
many other peripheral devices. Its existence greatly expanded both the usability and types of all these personal
electronic devices. Similar standards are emerging but not settled for the much newer set of information
technology-enabled grid devices, leading to an ongoing lack of interoperability.
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Implications of Electric Vehicle Penetration for the Grid

Battery-electric vehicles run on electricity and plug-in hybrid electric vehicles run on a combination of electricity and gasoline. In
2013, there were about 70,000 battery-electric vehicles and 104,000 plug-in hybrid electric vehicles—small numbers compared
to the approximately 226 million registered vehicles in the United States. Total U.S. sales of plug-in electric vehicles (PEVs)

have increased rapidly in recent years, but still represent only about 0.7 percent of new vehicle sales in 2014 (albeit up from
0.6 percent in 2013 and 0.4 percent in 2012). California is home to almost half of all of the Nation’s PEVs, but only about 5 out
of every 1,000 registered California vehicles are PEVs.!

There has also been a rapid recent increase in the numbers of charging stations. From 2011 to 2014, the numbers of public
electric vehicle charging outlets grew from fewer than 4,000 to more than 25,000. Various business models for developing new
charging stations have emerged, as installation costs can be high.“" For each infrastructure upgrade, utilities and regulators
must assess costs (e.q., installation) and benefits (e.g., ancillary services).

X

According to the National Academy of Sciences in its 2013 report on electric vehicle deployment,* “The existing electric
infrastructure does not present a barrier to the expansion of PEV technology in the United States given the projected growth of
PEV use in the next decade.” In addition, the report states that “As PEV's account for a more significant share of total electricity
consumption, the committee sees no barriers to provision of generation and distribution capacity to accommodate the growth
through the normal processes of infrastructure expansion and upgrades in the electric utility industry.”

The National Academy of Sciences concludes that existing U.S. generation and transmission capacity could accommodate 5
million to 50 million PEVs. However, the report also suggests that if large numbers of PEVs were to be charged at the same time
as residences also see peak loads, there could be potential for overloading elements of the local distribution system and thus

a need for local upgrades. Furthermore, the National Academy of Sciences notes that concentrations of fast-charging stations,
dense clustering of private PEV owner charging, or fleet-charging facilities could require grid upgrades. An assessment prepared
for the Independent System Operator/Regional Transmission Organization Council noted that smart grid enhancements could
allow electric vehicles to provide services to the grid, particularly related to demand response and load balancing.’ Furthermore,
smart grid developments could enable a shift in charging to off-peak periods and help avoid additional generation requirements.?

* Energy Information Administration. “California leads the nation in the adoption of electric vehicles.” Today in Energy. December
10, 2014. http://www.eia.gov/todayinenergy/detail.cfm?id=19131.

“ Department of Energy, Office of Energy Efficiency and Renewable Energy, Alternative Fuels Data Center. “Alternative Fueling
Stations by Fuel Type.” http://www.afdc.energy.gov/data/10332. Accessed January 16, 2015.

¥ Rocky Mountain Institute. “Pulling Back the Veil on EV Charging Station Costs” RMI Outlet. April 29, 2014. http://blog.rmi.
org/blog_2014_04_29 pulling_back_the_veil_on_ev_charging_station_costs. Accessed January 16, 2015.

" Greene, D.L. “Alternative Transportation Refueling Infrastructure in the U.S. 2014: Status and Challenges” University of
Tennessee Knoxville. March 31, 2015.

* National Research Council. “Overcoming Barriers to Electric-Vehicle Deployment: Interim Report.” 2013. http:/Awww.nap.edu/
download.php?record_id=18320.

7 KEMA and Taratec Corporation. “Assessment of Plug-in Electric Vehicle Integration with ISO/RTO Systems.” Produced for the
ISO/RTO Council. 2010. http://www.rmi.org/Content/Files/RTO %20Systems.pdf. Accessed January 27, 2015.

“ Hadley, S.W. “Impact of Plug-in Hybrid Vehicles on the Electric Grid.” Oak Ridge National Laboratory. 2006. http://web.ornl.
gov/info/ornlreview/v40_2_07/2007_plug-in_paper.pdf.

In addition to interoperability, safe and improved connectivity is important to the deployment of new
technologies to the grid. For example, there are voluntary industry standards for the interconnection of
distributed generation of all types that connect customer-owned generation to the local distribution network.
The majority of state public utility commissions use a voluntary standard issued in 2003 by the Institute

of Electrical and Electronics Engineers (IEEE) known as the IEEE 1547 interconnection standards. These
standards set technical guidelines for the interconnection of distributed resources less than 10 MW in size with
the electric grid, including requirements relevant to the performance, operation, testing, safety considerations,
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and maintenance of the interconnection. These standards are now in revision, with a goal of completion by
2018. Modifications are taking into account impacts on grid reliability; new technologies that offer two-way
communications and intelligent controls; and dispatchability of some types of distributed generation plus
extension to demand response, storage, and microgrids.

Updated standards will both improve grid safety and better use distributed energy resources in maintaining
overall system reliability. In particular, as large fossil-fueled generators with spinning turbines retire, the system
is losing the inertia that has helped maintain grid frequency and thus grid reliability. Properly configured with
appropriate communications, inverters used with distributed generation or storage can provide frequency
regulation services to the grid to fill this gap. Conversely, improper connections or protocols could lead to
simultaneous disconnection of all distributed energy resources under particular circumstances. While there is
an existing process underway to update the IEEE 1547 interconnection standards, finding ways to accelerate
the update of these standards will provide increased benefits to both customers and the reliability of the
system.

Appropriate Valuation of New Services, Technologies, and Energy Efficiency

Ultimately, the electric system exists to serve load—or the demand for electric services—from the residential,
commercial, industrial, and transportation sectors. There is a suite of services that the grid provides to meet
real-time changes in load and supply, among other things. A better understanding of the full costs and benefits
of those services would allow regulators, utilities, and customers to develop more fair and equitable pricing
structures.

These services and a range of other important societal goals are enabled by new technologies. Distributed
energy and smart grid technologies offer the potential to help meet America’s changing energy needs, minimize
the environmental impact of electricity generation, strengthen economic growth, and improve the reliability

of the Nation’s electrical infrastructure. As noted, the full spectrum of existing and emerging technologies
includes new intelligent grid (smart grid) delivery technologies, energy efficiency, combined heat and power,
tuel cells, gas turbines, rooftop PV, distributed wind, plug-in hybrid and all-electric vehicles, distributed storage,
demand response, and transactive building controls.

At high penetrations, many of these new technologies could challenge current distribution systems and the
functional integrity of the current electricity system. New investments and changes to existing regulatory,
policy, financial, and business structures may be necessary to fully realize the benefits of these technologies.
Regulators and policymakers will need to address the operational issues associated with new technologies, as
well as longer-term concerns, such as how the loss of revenue (and a utility’s ability to cover fixed costs) and
load resulting from increasing numbers of some installations of distributed energy resources could challenge
utilities’ financial health under current business models.

A key element for addressing the operational and business model concerns posed by new technologies centers
on valuation (i.e., “What are the benefits of new services and technologies to the grid?” and conversely, “What
is the cost of the services the grid provides to customers?”). There is no agreement on the answers, though, as
answers depend on the situation. This issue has been examined in numerous valuation studies in the public
domain. These studies do not consider the same set of impacts from one study to the next. For example, not all
studies explicitly consider impacts on transmission and distribution, such as capacity avoidance, grid support
services, or external impacts like avoided GHGs. The monetized estimates that different studies assign to a
given service or impact (capacity, energy, system losses) can range by a factor of as much as five or more.

There currently are no transparent, broadly accepted methods that can be used by stakeholders to determine
the costs and benefits associated with integrating new services and technologies into the grid.* Clearer
valuation methods would empower legislators and regulators in their efforts to address their local needs as
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they formulate strategies and plans to provide a portfolio of electricity options that meet their state-specific
goals for reliable, affordable, and clean electricity. It is also important for policymakers to understand that, as
they work to value services on both sides of the meter, there is the potential for stranded assets (i.e., assets for
which investments have been made but cannot be recovered) on both sides; valuation policies must take these
issues into consideration as well.

Net Metering

The challenges associated with integrating new technologies into the current electricity grid system are
illustrated by the variety of opinions on net metering. Net metering is a system for paying for generation
located on customer facilities—typically, although not exclusively, small residential solar generators. Currently,
45 states have Net Energy Metering programs that credit customers in some way for the energy they produce
onsite.” The most common type of Net Energy Metering customer today owns or leases a rooftop PV system,
but current regulations often apply to other distributed energy technologies, such as gas-fired turbines and
combined heat and power. With rapid solar PV market penetration, controversies among utilities, consumer
groups, solar businesses, and other stakeholders have arisen in several states over how to account for the full
cost of grid services, placing pressure on legislators and regulators to understand conflicting positions and
analyses supporting them.

Valuing Ancillary Services

Ancillary services are defined by the North American Electric Reliability Corporation as “those services that
are necessary to support the transmission of capacity and energy from resources to loads while maintaining
reliable operation of the transmission system in accordance with good utility practice.”*® Types of ancillary
services include ramping, voltage support, and frequency support, all of which are furnished by a combination
of generation and transmission facilities. Ultimately, the system operator is responsible for ensuring that there
are adequate ancillary services at all times to maintain reliability. The ability to provide ancillary services, such
as frequency support, is changing with the transformation of the electric generation system. As the electric
system continues to evolve, system planners and grid operators will need to value and integrate the services
that new technologies can provide to maintain system stability and reliability. New payments, or changes to
existing payment methods (both to generation owners and to other potential ancillary service providers), may
be necessary to ensure continued provision of needed ancillary services to maintain grid reliability.

Consistent Measurement and Evaluation of Energy Efficiency

The evaluation, measurement, and verification of energy efficiency savings are critical as efficiency becomes
increasingly important as a mechanism to meet a variety of goals, including reducing the need to build
additional generation and GHG reduction. Many entities have made progress toward standardizing the
evaluation of energy efficiency. These methods can help regulators understand the opportunities energy
efficiency creates for infrastructure avoidance.

Ratepayer-funded efficiency programs run by utilities and third parties, energy service companies’ projects,
codes and standards, and other efficiency programs have achieved significant energy savings over the last three
decades.” These programs have developed in different ways across the country, along with some state variation
in protocols and procedures for measuring and verifying savings. While inconsistencies can complicate efforts
to compare measured savings across jurisdictions, a number of important standardization efforts have emerged
in recent years at the state and regional levels that have started to address these issues. These include efforts

led by the Northwest Regional Technical Forum and the Northeast Energy Efficiency Partnership that include
development of regional databases of energy savings. Building on this momentum, DOE’s voluntary Uniform
Methods Project for Determining Energy Efficiency Program Savings has convened policy stakeholders and
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technical experts to develop a set of protocols for determining savings from energy efficiency measures and
programs. Over the last 2 years, the Uniform Methods Project has issued more than 20 protocols for common
residential, commercial, and crosscutting energy efficiency measures. The Energy Information Administration

has also tracked energy efficiency program evaluations.

Drivers of Change for the Grid of the Future: Institutions and Utility
Business Models

A third dimension of the architecture for the grid of the future encompasses all the actors involved in
managing the grid, including in industry and regulatory bodies (at all levels of government). These businesses
and institutions shape the operation, management, and regulation of the grid. Incorporation of the new
technologies and services will require an evolution in these businesses and institutions.

States Are the Test Beds for the Evolution of the Grid of the Future

States have the primary role in regulating the retail provision of electricity (see Figure 3-5), as well as the siting
of transmission and generation. Due to this primacy, states are at the forefront of managing the transition to
the grid of the future. Historically, states have been the laboratories for developing policies that reflect their
individual and regional situations, and in the electricity sector, state policies reflect differences in resource mix,
priorities, geography, economies, and even culture.

Figure 3-5. Different State Approaches to Energy Efficiency®°

" Decoupling [ LRAM @ Performance None

' Incentive

Thirty-six states have adopted regulatory approaches to promote utility investment in energy efficiency: decoupling, lost-revenue adjust mechanisms
("LRAM"), or performance incentives.
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As the complexity of the grid increases, states are working to develop policies that incorporate new services
and technologies in a manner that maintains affordability and reliability. The unique circumstances of each
state have resulted in a diverse set of responses across a range of issues confronting the electricity sector. For
example, many states have adopted policies to support utility investments in energy efficiency. There are at least
three different regulatory approaches being used: decoupling, lost revenue adjustment mechanism, and a broad
set of methods to allow performance incentives (see Figure 3-5). These efforts create a regulatory model that
rewards utility shareholders for effective energy efficiency efforts that lower ratepayer bills in the long term.
Another example of state innovation is the cost-allocation scheme member states in the Midcontinent ISO

and Southwest Power Pool negotiated among themselves for the funding of large region-wide transmission
upgrades for each of their regions, which was then approved by FERC.*" >

Different Industry Structures and Business Models Rule Out
"One-Size-Fits-All” Solutions to Challenges

The grid is financed, planned, and operated by numerous entities that cross states, regions, and countries. It
provides valuable services and includes a variety of industry types and a range of business models that often
reflect regional differences in resource mix.

Policies designed to provide consumers with affordable and reliable electricity in the future must take into
account the variety of business models for investing, owning, and operating grid infrastructure. The nature of
the entities that comprise the grid has changed and will continue to do so. The earliest model of electric service
delivery was the investor-owned, vertically integrated utility, namely the Edison Illuminating Company that
used the New York City Pearl Street Station generator in 1882 to begin serving customers. Following, in the late
1880s and 1890s, was the establishment of public power utilities, which were also vertically integrated, in small
towns to also serve local loads with generation. Now, as shown in Table 3-2, the basic functions of the vertically
integrated utility are performed by a wide variety of entities with different ownership structures, pursuing
different functions.

The variety of ownership and scope of the entities that comprise the grid leads to a complex set of motivations
and decision drivers. The reliable operation of the grid is a testament to the integration of these different
interests. There are five different predominant ownership types: (1) investor owned; (2) cooperatively owned,
owned by their member customers; (3) publicly owned, such as by municipalities, states, public utility districts,
and irrigation districts; (4) Federally owned; and (5) merchant companies that are competitive entities in
generation, transmission, or retail supply.
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Table 3-2. Taxonomy of Utility Business Models (examples, ownership, and scope)*

State-Regulated

Cooperatively

10Us owned Publicly Owned Federally Owned Merchant
Vertically Integrated Oklahoma Gas & Los Angeles Dept.
(T,D,G)* Electric None of Water & Power None None
Transmission and Southern Maryland ~ Clallam County
Distribution Pepco Electric COOP Public Utility None None
(SMECO) District
Genera_tlo_n and None Basin Electric G&T New quk Power Tennes;ee Valley LS Power
Transmission Authority Authority
Generation and DTE Energy; Fox Island (ME) Lansing (MI) Board None NRG
Distribution Consumers Energy  Electric of Water & Light
Western Area Power ITC; Hudson
. Adminstration, Transmission;
. . Transmission .
Upper Missouri Bonneville Power Transource

Transmission

None

Power Cooperative

Agency of
Northern Calif.

Administration,
Southwestern Power

Energy; Clean
Lines Energy

Administration Partners
T Mt. Carmel Public Nashville Electric
Distribution Utility Co. Kenergy Service None None
Wyoming .
Generation None Oglethorpe Power Municipal Power  Bureau of Reclamation Calpine; BP

Corporation

Agency

Energy; Tenaska;

*(T,D,G= Transmission, Distribution, and Generation)

There is a diversity of ownership structures in the U.S. electricity sector. Such diversity often precludes one-size-fits-all policies.

Although all utilities may invest in demand response and energy efficiency, each ownership pattern engenders
different interests in performance of service, investment, and market structure. For example, cooperatives have
been innovative in their use of direct load control to modify peak load conditions,** while publicly owned
utilities have been leaders in energy efficiency.” Because investor-owned utilities earn a return on capital
expenses, and without special incentives, do not earn a return on cost-saving operational expenses, this class of
utilities tends to lead in the development of new service through capital-intensive assets.

Investor-owned companies have fiduciary obligations to increase shareholder value. Regulated entities that
earn profit based upon a return on invested capital lack a strong incentive (absent explicit requirements and
incentives) to invest in energy efficiency practices. In contrast, public power and cooperative utilities are
motivated to keep customers’ bills down and, as such, can optimize the provision of service by using both
capital-intensive options and less capital-intensive alternatives (e.g., energy efficiency).

Merchant generators whose profits are the residual revenues after expenses are paid (including return on
capital) are motivated to maximize revenue. The Federal Power Marketing Administrations, such as the
Western Area Power Administration and the Bonneville Power Administration, must follow the dictates of
their statutory authorities. The balancing authorities, some of which are Regional Transmission Organizations
or ISOs, in turn, are concerned about maintaining reliability while operating the bulk power system.
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Fragmented and Overlapping Jurisdictions Threaten to Impede Development
of the Grid of the Future

Federal, regional, and state institutions and regulatory structures that have evolved over decades to manage the
electric grid are increasingly interacting and overlapping. The geographical boundaries of the institutions are
not coincident with the flow of electrons on the physical system. The increasing physical complexity of the grid
will only complicate governance and analysis. Policymaking to address regulatory and operational challenges
of the evolving grid is more difficult because models used to analyze the physical flows of electricity do not
align with the institutional and regulatory structures (see Figure 3-6).

The current Federal-state regulatory boundary dates back to the 1930s, when the Federal Power Act
substantially expanded the responsibilities of the Federal Power Commission (the predecessor to FERC)

and created Federal oversight of wholesale sales of electricity and of transmission of electricity in interstate
commerce, as well as state oversight of retail sales and distribution of electricity. In recent decades, organized
wholesale markets have spread geographically and incorporated a greater variety of products with a broader
set of market participants. This trend—coupled with the increased ability of end-use consumers to supply
distributed generation, demand response, and other services—has and will continue to raise questions about
the dividing line between state and Federal jurisdiction.*

This threatens to impede the development of markets that efficiently integrate both utility-scale and small-scale
participants. While FERC and the National Association of Regulatory Utility Commissioners have engaged

in a collaborative dialogue on a range of topics (smart grid, demand response, enforcement, and others)

since 2006,” Federal and state regulators should seek new ways to coordinate goals across their respective
jurisdictions, without which the Nation will not be able to take full advantage of the efficiencies offered by
emerging technologies and the grid of the future.”®
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Figure 3-6. Select Electricity Jurisdictions>
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Transmission lines, which are regulated at the Federal level, cross state boundaries and connect the regional organizations that manage and operate
the bulk power electricity grid. In contrast, states regulate the distribution of electricity to end-use customers for entities under their jurisdiction, as
well as the siting of transmission on non-Federal lands. Further, in most states, local appointed or elected governing boards handle the regulation
of distribution for their publicly or cooperatively owned electric utility. This diversity of institutions and differences in jurisdictional boundaries create
challenges in grid governance (given that changing the grid in one location can alter electricity dynamics over a large area).
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Policy Framework for the Grid of the Future

The transition from today’s existing grid to the grid of the future will be challenging. The electric grid is highly
complex, has significant regional variability, and should be managed to accommodate a range of possible
futures. The vision of the future electric grid described earlier in this chapter was developed after a year-long
QER process of analyses and stakeholder engagement. The recommendations that follow are guided by five key
policy principles that emerged from this work.

The future grid should encourage and enable energy efficiency and demand response to cost effectively
displace new and existing electric supply infrastructure, whether centralized or distributed. The
policies, financial tools, and pricing signals that enable customers to save money and energy while
enhancing economic growth should be preserved and strengthened as business models evolve.

The future grid should provide balanced support for both decentralized power sources and the central
grid. As the costs of decentralized power sources and storage continue to fall, there will be increased
opportunities for end users to partially or completely supply their own electricity. At the same time, the
vast majority of American homes and businesses will continue to rely on the power grid for some or
all of their electricity. It is essential, then, that investment in both centralized and decentralized systems
occur in a balanced manner, preserving high-quality service for all Americans while simultaneously
enabling new options and services that may reduce energy costs or climate impacts. Similarly, access

to renewable energy, energy efficiency improvements, and new energy-related services should not be
limited to isolated customer groups, but rather become an integral part of the universal service that
both decentralized and centralized grid customers enjoy.

In the future grid, new business and regulatory models must respect the great regional diversity in
power systems across the United States, as well as the critical roles played by state, local, tribal, and
regional authorities, including state public service commissions and regional grid operators. The
drivers of change in the power system cut across the traditional boundaries of state and Federal
regulation and thereby introduce new challenges in designing and overseeing new business and
regulatory models. An unprecedented amount of consultation and collaboration will be necessary to
ensure that national objectives are met alongside complementary state policies in power systems that
are inherently regional in their scope and technology.

Planning for the future grid must recognize the importance of the transmission and distribution
systems in linking central station generation—which will remain an essential part of the U.S. energy
supply for many years to come—to electricity consumers. Transmission and generation both benefit
from joint, coordinated planning. Transmission can allow distant generation—where there may be
excess capacity—to supplement local supply and avoid the need to build new plants. New generation
sometimes requires new transmission, especially remotely sited renewables or new nuclear plants.
Utility and Regional Transmission Organization planning processes and tools should continue to
evolve to evaluate transmission, generation (both central and distributed), and demand-side resources
holistically.

Finally, the careful combination of markets, pricing, and regulation will undoubtedly be necessary in
all business and regulatory models of the future grid. While the precise nature and scope of the market
structures in the future grid may vary considerably, there is little doubt that markets in one form or
another will be an important means of providing access to new technologies and services. Even in
settings where prices are regulated, novel approaches can allow beneficial new pricing and service
structures. Moreover, both new and traditional financing options provided by capital markets will be
an important element in the future industry landscape.
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The Administration and Congress should support or incentivize investment in electricity infrastructure
reliability, resilience, and affordability through the development of tools, methods, and new funding for
planning and operating the grid of the future. Accordingly, we recommend the following:

Provide grid modernization research and development, analysis, and institutional support:

A modernized 21st century grid will require a governing framework that values and optimizes the benefits
from new technologies and services, as well as a physical infrastructure that maintains reliability, resilience
to disruption, cost effectiveness, and flexibility to adapt to these changes. Early and strategic investments by
DOE in foundational technology development, enhanced security capabilities, and institutional support
and stakeholder engagement provide decision makers with a common set of tools that balances electric
industry and consumer interests. Though small relative to the size of the industry, DOE’ investment is
significant compared to utilities’ limited spending on innovation, which stems from an investor-owned
business model where profits are based on return on capital expenditures, as well as public- and consumer-
owned power’s requirement for lowest feasible rates. The President’s Fiscal Year 2016 Budget requests $356
million for DOE’s Grid Modernization Initiative.

To reflect the rapidly shifting grid landscape, DOE should continue to pursue a multi-year,
collaborative, and cost-shared research and development, analysis, and technical assistance program:

« Technology innovation resulting from research and development coordinated among DOE
offices, creating new tools and technologies in areas such as the following:

o Design and planning tools to model emerging needs

o System control and power flow to optimize for new grid capabilities

o Grid sensing and measurements for determining changes in variable generation markets
and infrastructure conditions

o Devices and integrated systems testing for evaluation and validation of new technologies
in a systems context

o Qrid security and resilience efforts to protect, prevent, analyze, and respond to threats by
developing physical and cybersecurity technology and standards

o Risk management, including integrated demonstration of promising new technologies
with new institutional approaches.

 Institutional support and alignment, including analyses, workshops, and dialogues to highlight
key policy and market challenges and options for grid transformation.

The cost of this program is estimated to be $3.5 billion over 10 years.

Establish a framework and strategy for storage and flexibility: Energy storage is a key functionality
that can provide flexibility, but there is little information on benefits and costs of storage deployment at
the state and regional levels, and there is no broadly accepted framework for evaluation of benefits below
the bulk system level. DOE should conduct regional and state analyses of storage deployment to produce
a strategy for flexibility and storage. The strategy will integrate the findings from these analyses and make
them easy for all types of stakeholders, including regional and state leaders, to understand and implement
where appropriate. It will also establish a common framework for exploring means, methods, and
technologies that can enhance grid flexibility, regionally, in states, and load-serving entities.
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QER Recommendations (continued)

The national energy system storage strategy will address a suite of approaches that enable flexibility,
including integrated planning methods, system operations and markets, demand and storage,
conventional and variable renewable generation, and interconnected transmission networks.

Conduct a national review of transmission plans and assess barriers to their implementation:
Transmission is critical both to ensuring reliability, as well as to connecting generation to load.
While DOE has funded interconnection-level analyses of transmission needs and specific studies of
transmission needs for renewable generation, a more detailed and comprehensive national review of
transmission plans is warranted. DOE should carry out such a review to include assessments on the
types of transmission projects proposed and implemented, current and future costs, consideration of
interregional coordination, and other factors. Synthesizing this information at a national level would
better inform and guide the development of transmission, including opportunities for additional
regional or interregional coordination. In conjunction with such a review, it will be critical to assess
incentives and impediments to the development of new transmission. Such an assessment should
include a review of existing Federal incentives, implementation of Section 1222 of the Energy

Policy Act of 2005 to enable third-party transmission projects partnered with the DOE Western

and Southwestern Power Administrations, implementation of the $3.25 billion Western Area Power
Administration Transmission Infrastructure Program, siting constraints, and other incentives and
impediments that may exist at both the national and local levels.

Provide state financial assistance to promote and integrate TS&D infrastructure investment
plans for electricity reliability, affordability, efficiency, lower carbon generation, and
environmental protection with a focus on regional coordination: States are the test beds for

the evolution of the electric power system. DOE should provide competitive funding for states to
promote and integrate TS&D infrastructure investment plans for electricity reliability, affordability,
efficiency, lower carbon generation, and environmental protection (including climate mitigation).

o Asdescribed in this chapter, states can play an important role in promoting grid reliability
as new technologies, including distributed generation, are added to the grid, and consumers
demand more services from the electric power system. The increasing interdependency of
natural gas and electricity systems creates additional planning requirements, as does climate
change and extreme weather events.

« States have historically established separate agencies for reliability and environmental
regulation of the electric power sector that operate independently of each other. The actions
required to meet the goals of an affordable, resilient, reliable, and cleaner electricity sector are,
however, becoming increasingly interdependent. States can provide innovative ways to address
new trends that allow the electric sector to reliably provide services that meet environmental,
resilience, and efficiency goals. In making awards under this program, DOE should require
cooperation within the planning process of energy offices, public utility commissions, and
environmental regulators within each state; with their counterparts in other states; and
with infrastructure owners and operators and other entities responsible for maintaining the
reliability of the bulk power system.

The estimated support for this program is about $300 million to $350 million over 5 years.
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Coordinate goals across jurisdictions: Technology is indifferent to state-Federal boundaries

and jurisdictions; technology users cannot be. Both Federal and state governments need to play
constructive and collaborative roles in the future to ensure that consumers and industry are able to
maximize the value of new technologies to enhance resilience and reliability and mitigate climate
change. While the notions of retail versus wholesale have, in some respects, become blurred, the
states still have a strong and important role in electricity regulation. The variety and strength of
state policies on energy efficiency, storage, renewable energy, smart grid, and even GHG regulation
demonstrates the undiminished importance of the power sector to state leaders, notwithstanding
technological change. At the same time, portions of the electric power sector have an important role
to play in improving the efficiency of the wholesale markets overseen by FERC at the Federal level.
DOE should play a convening role to bring together public utility commissioners, legislators, and
other stakeholders at the Federal, state, and tribal levels to explore approaches to integrate markets,
while respecting jurisdictional lines, but allowing for the coordination of goals across those lines.

Value new services and technologies: Efficient characterization and valuation of services provided
to the grid by existing and new technologies is important for maintaining reliability and affordability
of the rapidly evolving electricity system and providing clear price signals to consumers. Existing
methods for establishing values and rates should appropriately compensate new technologies, with
the potential to more effectively provide grid services reliably, affordably, and in compliance with
environmental regulations. The Federal Government can play a role in developing frameworks to
value grid services and approaches to incorporate value into grid operations and planning.

o DOE should convene stakeholders to define the characteristics of a reliable, affordable, and
environmentally sustainable electricity system and create approaches for developing pricing
mechanisms for those characteristics.

« The ability of distinct grid components to provide grid services should be evaluated, and
options for increasing the viability of components to provide grid services should be
reviewed—this would allow market operators and regulators to have a more complete
understanding of the range of technologies and strategies that can provide grid services.

« DOE should also work with stakeholders to develop a framework(s) for identifying attributes
of services provided to the grid by electricity system components, as well as approaches to
incorporate the valuation of grid service attributes in different regulatory contexts (e.g.,
pricing or incorporation in planning processes).

« The convening efforts recommended here will build on past DOE workshops on the value of
storage and distributed energy resources (discussed in Chapter X, Analytical and Stakeholder
Process). The frameworks developed through this process could be used by FERC, state public
utility commissions in ratemaking proceedings, Regional Transmission Organizations in their
market rule development, or utilities in the operation and planning of their systems.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015 3-27



Chapter Ill: Modernizing the Electric Grid

3-28

QER Recommendations (continued)

Improve grid communication through standards and interoperability: A plethora of both
consumer-level and grid-level devices are either in the market, under development, or at the
conceptual stage. When tied together through the information technology that is increasingly
being deployed on electric utilities” distribution grids, they can be an important enabling part of
the emerging grid of the future. However, what is missing is the ability for all of these devices to
coordinate and communicate their operations with the grid, and among themselves, in a common
language—an open standard. One analogy is the voluntary industry USB standard developed in the
mid-1990s that allows simple plug-and-play between smart phones, tablets, computers, chargers,
printers, games, and many other peripheral devices, and whose existence has greatly expanded
both the usability and types of all these personal electronic devices. Similar standards are emerging
but not settled for the much newer set of information technology-enabled grid devices (i.e., a lack
of interoperability exists). The Department of Commerce’s National Institute of Standards and
Technology (NIST) was very active in working with industry and other interested parties to develop
several generations of voluntary standards to bring interoperability to grid-connected devices.
NIST’s efforts have now transitioned to the industry-based Smart Grid Interoperability Panel. DOE
is supporting efforts by IEEE to develop next-generation standards for inverters used by distributed
generation. While the Federal Government lacks authority to mandate standards in these areas,

it can take additional steps. In conjunction with NIST and other Federal agencies, DOE should
work with industry, IEEE, state officials, and other interested parties to identify additional efforts
the Federal Government can take to better promote open standards that enhance connectivity and
interoperability on the electric grid.

Establish uniform methods for monitoring and verifying energy efficiency: The measurement
and verification of energy efficiency savings will be increasingly important as efficiency continues
to become not just a source of revenue, but a mechanism by which the utility can meet its GHG
reduction goals. Regulators need ways to understand, validate, and value savings from energy
efficiency practices, including understanding the value of infrastructure avoidance as a result

of efficiency investments. Through its Uniform Methods Project, DOE should accelerate the
development of uniform methods for measuring energy savings and promote adoption of these
methods in public and private efficiency programs.
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RECOMMENDATIONS IN BRIEF:
Modernizing the Electric Grid

Provide grid modernization research and development, analysis, and institutional support. The Department of
Energy (DOE) should continue to pursue a multi-year, collaborative, and cost-shared research and development, analysis, and
technical assistance program for technology innovation that supports grid operations, security, and management, as well as for
analyses, workshops, and dialogues to highlight key opportunities and challenges for new technology to transform the grid.

Establish a framework and strategy for storage and grid flexibility. DOE should conduct regional and state analyses of
storage deployment to produce a common framewaork for the evaluation of benefits of storage and grid flexibility, and a strategy
for enabling grid flexibility and storage that can be understood and implemented by a wide range of stakeholders.

Conduct a national review of transmission plans and assess barriers to their implementation. DOE should carry
out a detailed and comprehensive national review of transmission plans, including assessments on the types of transmission
projects proposed and implemented, current and future costs, consideration of interregional coordination, and other factors. A
critical part of this review should be to assess incentives and impediments to the development of new transmission.

Provide state financial assistance to promote and integrate transmission, storage, and distribution
infrastructure investment plans for electricity reliability, affordability, efficiency, lower carbon generation,
and environmental protection. In making awards under this program, DOE should require cooperation within the planning
process of energy offices, public utility commissions, and environmental regulators within each state; with their counterparts in
other states; and with infrastructure owners and operators and other entities responsible for maintaining the reliability of the
bulk power system.

Coordinate goals across jurisdictions. DOE should play a convening role to bring together public utility commissioners,
legislators, and other stakeholders at the Federal, state, and tribal levels to explore approaches to integrate markets, while
respecting jurisdictional lines, but allowing for the coordination of goals across those lines.

Value new services and technologies. DOE should play a role in developing frameworks to value grid services and
approaches to incorporate value into grid operations and planning. It should convene stakeholders to define the characteristics
of a reliable, affordable, and environmentally sustainable electricity system and create approaches for developing pricing
mechanisms for those characteristics. The goal should be to develop frameworks that could be used by the Federal Energy
Regulatory Commission, state public utility commissions in ratemaking proceedings, Regional Transmission Organizations in their
market rule development, or utilities in the operation and planning of their systems.

Improve grid communication through standards and interoperability. In conjunction with the National Institute of
Standards and Technology and other Federal agencies, DOE should work with industry, the Institute of Electrical and Electronics
Engineers, state officials, and other interested parties to identify additional efforts the Federal Government can take to better
promote open standards that enhance connectivity and interoperability on the electric grid.

Establish uniform methods for monitoring and verifying energy efficiency. Through its Uniform Methods Project, DOE
should accelerate the development of uniform methods for measuring energy savings and promote widespread adoption of these
methods in public and private efficiency programs.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015

3-29



Chapter Ill: Modernizing the Electric Grid

Endnotes

L.

10.

11.

12.

13.

14.

15.

16.

3-30

North American Electric Reliability Corporation. “Understanding the Grid” August 2013. http://www.nerc.com/news/
Documents/Understanding%20the %20Grid%20DEC12.pdf. Accessed March 4, 2015. Reproduced with permission.

Energy Information Administration. “Electric power sales, revenue, and energy efficiency Form EIA-861 detailed data
files 2013 February 19, 2015. http://www.eia.gov/electricity/data/eia861/. Accessed February 25, 2015.

Energy Information Administration. “Energy in Brief: How many and what kind of power plants are there in the
United States?” December 26, 2013. http://www.eia.gov/tools/fags/fag.cfm?id=65&t=2. Accessed February 19, 2015.

Edison Electric Institute. “EEI Statistical Yearbook 2013.” Table 10.6. http://www.eei.org/resourcesandmedia/products/
Pages/ProductDetails.aspx?prod=617A7D67-9678-44FC-AE6F-6876 ADAE7406&type=S. Accessed March 18, 2015.;
Platts. “Platts UDI Directory of Electric Power Producers and Distributors, 122nd Edition of the Electrical World
Directory” p. vi. 2014. https://www.platts.com/IM.Platts.Content/downloads/udi/eppd/eppddir.pdf. Accessed March 2,
2015.

National Academy of Engineering. “Greatest Engineering Achievements of the 20th Century”” 2000.
http://www.greatachievements.org/. Accessed January 5, 2015.

Quadrennial Energy Review Analysis: Taft, ].D. and A. Becker-Dippman. “Grid Architecture” Pacific Northwest
National Laboratory. PNNL-24044. January 2015. http://energy.gov/epsa/ger-document-library.

Edison Electric Institute. “Actual and Planned Transmission Investment by Shareholder-Owned Utilities (2008-
2017)? January 8, 2015. http://www.eei.org/issuesandpolicy/transmission/Documents/bar_Transmission_Investment.pdf.
Accessed March 18, 2015.

Edison Electric Institute. “Transmission Investment: Adequate Returns and Regulatory Certainty are Key” p. 6. June
2013. http://www.eei.org/issuesandpolicy/transmission/Documents/transmission_investment.pdf. Accessed February 25,
2015.

Edison Electric Institute. “Actual and Planned Transmission Investment by Shareholder-Owned Utilities (2008-
2017)? January 8, 2015. http://www.eei.org/issuesandpolicy/transmission/Documents/bar_Transmission_Investment. pdf.
Accessed March 18, 2015.

Department of Energy. “National Electric Transmission Congestion Study—Draft for Public Comment.” August 2014.
http://energy.gov/sites/prod/files/2014/08/f18/NationalElectricTransmissionCongestionStudy-DraftForPublicComment-
August-2014.pdf. Accessed March 18, 2015.

Energy Information Administration. “Electricity transmission investments vary by region.” Today in Energy.
September 3, 2014. http://www.eia.gov/todayinenergy/detail.cfm?id=17811. Accessed March 18, 2015.

Energy Information Administration. “Electricity transmission investments vary by region” Today in Energy.
September 3, 2014. http:/Awww.eia.gov/todayinenergy/detail.cfm?id=17811. Accessed March 18, 2015.

Edison Electric Institute. “Actual and Planned Transmission Investment by Shareholder-Owned Utilities (2008-
2017)? January 8, 2015. http://www.eei.org/issuesandpolicy/transmission/Documents/bar_Transmission_Investment.pdf.
Accessed March 18, 2015.

Edison Electric Institute. “Transmission Projects: At a Glance” March 2015. http://www.eei.org/issuesandpolicy/
transmission/Documents/Trans_Project_lowres_bookmarked.pdf. Accessed April 15, 2015.

Western Electricity Coordinating Council. “2024 Common Case Transmission Assumptions.” June 2, 2014. https:/
www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/RPCG_2024CCTA_Report.pdf. Accessed February 2,
2015.

Chang, ], J. Pfeifenberger and M. Hagerty. “Trends and Benefits of Transmission Investments: Identifying and
Analyzing Value” The Brattle Group. Presented to the CEA Transmission Council, Ottawa, Canada, September 26,
2013. http://www.brattle.com/system/publications/pdfs/000/004/944/original/Trends_and_Benefits_of_Transmission_
Investments_Chang_Pfeifenberger_Hagerty CEA_Sep_26_2013.pdf. Accessed March 4, 2015. Reproduced with
permission.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015


http://www.nerc.com/news/Documents/Understanding the Grid DEC12.pdf
http://www.nerc.com/news/Documents/Understanding the Grid DEC12.pdf
http://www.eia.gov/electricity/data/eia861/
http://www.eia.gov/tools/faqs/faq.cfm?id=65&t=2
https://www.platts.com/IM.Platts.Content/downloads/udi/eppd/eppddir.pdf
http://www.greatachievements.org/
http://energy.gov/epsa/qer-document-library
http://www.eei.org/issuesandpolicy/transmission/Documents/bar_Transmission_Investment.pdf
http://www.eei.org/issuesandpolicy/transmission/Documents/transmission_investment.pdf
http://www.eei.org/issuesandpolicy/transmission/Documents/bar_Transmission_Investment.pdf
http://energy.gov/sites/prod/files/2014/08/f18/NationalElectricTransmissionCongestionStudy-DraftForPublicComment-August-2014.pdf
http://energy.gov/sites/prod/files/2014/08/f18/NationalElectricTransmissionCongestionStudy-DraftForPublicComment-August-2014.pdf
http://www.eia.gov/todayinenergy/detail.cfm?id=17811
http://www.eia.gov/todayinenergy/detail.cfm?id=17811
http://www.eei.org/issuesandpolicy/transmission/Documents/bar_Transmission_Investment.pdf
http://www.eei.org/issuesandpolicy/transmission/Documents/Trans_Project_lowres_bookmarked.pdf
http://www.eei.org/issuesandpolicy/transmission/Documents/Trans_Project_lowres_bookmarked.pdf
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/RPCG_2024CCTA_Report.pdf
https://www.wecc.biz/_layouts/15/WopiFrame.aspx?sourcedoc=/Reliability/RPCG_2024CCTA_Report.pdf
http://www.brattle.com/system/publications/pdfs/000/004/944/original/Trends_and_Benefits_of_Transmission_Investments_Chang_Pfeifenberger_Hagerty_CEA_Sep_26_2013.pdf
http://www.brattle.com/system/publications/pdfs/000/004/944/original/Trends_and_Benefits_of_Transmission_Investments_Chang_Pfeifenberger_Hagerty_CEA_Sep_26_2013.pdf

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

Energy Information Administration. “Investment in electricity transmission infrastructure shows steady increase.”
Today in Energy. August 26, 2014. http://www.eia.gov/todayinenergy/detail.cfm?id=17711. Accessed March 4, 2015.

Quadrennial Energy Review Analysis: Hadley, S.W. and A.H. Sanstad. “Impacts of Demand-Side Resources on Electric
Transmission Planning Demand Resources and Transmission Requirements” Oak Ridge National Laboratory and
Lawrence Berkeley National Laboratory. January 2015. http:/energy.gov/epsa/downloads/report-impacts-demand-side-
resources-electric-transmission-planning.

Perez-Arriaga, I.]., H. Rudnick and M. Rivier. “Electric Energy Systems: An Overview.” In: Electric Energy Systems
Analysis and Operations, eds. Gomez-Exposito, A., A. Conejo and C. Canizares. CRC Press. 2008.

Massachusetts Institute of Technology Energy Initiative. “The Future of the Electric Grid.” p. 35. 2011. http:/mitei.mit.
edu/publications/reports-studies/future-electric-grid. Accessed January 7, 2015. Citing: Perez-Arriaga, 1.]., H. Rudnick
and M. Rivier. “Electric Energy Systems: An Overview.” In: Electric Energy Systems: Analysis and Operation, eds.
Gomez-Exposito, A., A. Conejo and C. Canizares. CRC Press. 2008. Reproduced with permission.

Hand, M.M. et al. eds. “Renewable Electricity Futures Study.” National Renewable Energy Laboratory. 2012. http://
www.nrel.gov/analysis/re_futures/. Accessed February 26, 2015.; GE Energy. “Western Wind and Solar Integration
Study” National Renewable Energy Laboratory. May 2010. http://www.nrel.gov/docs/fy100sti/47781.pdf. Accessed
February 25, 2015.; Lew, D. et al. “The Western Wind and Solar Integration Study Phase 2” National Renewable
Energy Laboratory. September 2013. http://www.nrel.gov/docs/fy130sti/55588.pdf. Accessed February 25, 2015.;
International Energy Agency. “The Power of Transformation Wind: Sun and the Economics of Flexible Power
Systems.” 2014.; Ma, O. et al. “Demand Response and Energy Storage Integration Study”” In development. http://Awww1.
eere.energy.gov/analysis/response_storage_study.html. Accessed February 25, 2015.

Hand, M.M. et al. eds. “Renewable Electricity Futures Study.” National Renewable Energy Laboratory. 2012. http://
www.nrel.gov/analysis/re_futures/. Accessed February 26, 2015.

GE Energy. “Western Wind and Solar Integration Study” National Renewable Energy Laboratory. May 2010. http:/
www.nrel.gov/docs/fy100sti/47781.pdf. Accessed February 25, 2015.

Ela, E. and B. Kirby. “ERCOT Event on February 26, 2008: Lessons Learned.” National Renewable Energy Laboratory.
July 2008. http:/Awww.nrel.gov/docs/fy080sti/43373.pdf. Accessed February 2, 2015.

Deane, J., B.O. Gallachéir and E. McKeogh. “Techno-economic review of existing and new pumped hydro energy
storage plant” Renewable and Sustainable Energy Reviews. 14(4). May 2010. p. 1293-1302. http://www.sciencedirect.
com/science/article/pii/S1364032109002779?np=y. Accessed January 15, 2015.

Federal Energy Regulatory Commission. “Pumped Storage Projects” November 21, 2014. http:/Awww.ferc.gov/
industries/hydropower/gen-info/licensing/pump-storage.asp. Accessed February 1, 2015.

Federal Energy Regulatory Commission. “Integration of Variable Energy Resources” 139 FERC ¢ 61,246. 2012.

Ma, O. et al. “Demand Response and Energy Storage Integration Study” In development. http://www1.eere.energy.gov/
analysis/response_storage_study.html. Accessed February 25, 2015.

Ma, O. et al. “Demand Response and Energy Storage Integration Study.” In development. http://www1.eere.energy.gov/
analysis/response_storage_study.html. Accessed February 25, 2015.

North American Electric Reliability Corporation. “Transmission System Planning Performance Requirements”” p. 6.
http://www.nerc.com/files/TPL-001-4.pdf. Accessed January 27, 2015.

Edison Electric Institution. “Before and After the Storm: A Compilation of Recent Studies, Programs, and

Policies Related to Storm Hardening and Resiliency.” 2014. http://www.eei.org/issuesandpolicy/electricreliability/
mutualassistance/Documents/BeforeandAftertheStorm.pdf. Accessed January 27, 2015.; Executive Office of the
President. “Economic Benefits of Increasing Electric Grid Resilience to Weather Outages.” 2013. http://energy.gov/sites/
prod/files/2013/08/f2/Grid%20Resiliency%20Report_FINAL.pdf. Accessed January 27, 2015.; Electric Power Research
Institute. “Enhancing Distribution Resiliency: Opportunities for Applying Innovative Technologies” 2013. http://www.
epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000000001026889. Accessed January 16, 2015.; Drexel,
J.M. “Risk Assessment for Storm Hardening” ConEdison, Inc. 2014. Presentation at the Resilient Grid Workshop,
Brookhaven National Laboratory, October 16-17, 2014. http://www.bnl.gov/rsg2014/files/talks/Drexel_BNLConEd.pdf.
Accessed January 27, 2015.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015 3-31


http://www.eia.gov/todayinenergy/detail.cfm?id=17711
http://energy.gov/epsa/downloads/report-impacts-demand-side-resources-electric-transmission-planning. 
http://energy.gov/epsa/downloads/report-impacts-demand-side-resources-electric-transmission-planning. 
http://mitei.mit.edu/publications/reports-studies/future-electric-grid
http://mitei.mit.edu/publications/reports-studies/future-electric-grid
http://www.nrel.gov/analysis/re_futures/
http://www.nrel.gov/analysis/re_futures/
http://www.nrel.gov/docs/fy10osti/47781.pdf
http://www.nrel.gov/docs/fy13osti/55588.pdf
http://www1.eere.energy.gov/analysis/response_storage_study.html
http://www1.eere.energy.gov/analysis/response_storage_study.html
http://www.nrel.gov/analysis/re_futures/
http://www.nrel.gov/analysis/re_futures/
http://www.nrel.gov/docs/fy10osti/47781.pdf
http://www.nrel.gov/docs/fy10osti/47781.pdf
http://www.nrel.gov/docs/fy08osti/43373.pdf
http://www.sciencedirect.com/science/article/pii/S1364032109002779?np=y
http://www.sciencedirect.com/science/article/pii/S1364032109002779?np=y
http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage.asp
http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage.asp
http://www1.eere.energy.gov/analysis/response_storage_study.html
http://www1.eere.energy.gov/analysis/response_storage_study.html
http://www.nerc.com/files/TPL-001-4.pdf
http://www.eei.org/issuesandpolicy/electricreliability/mutualassistance/Documents/BeforeandAftertheStorm.pdf
http://www.eei.org/issuesandpolicy/electricreliability/mutualassistance/Documents/BeforeandAftertheStorm.pdf
http://energy.gov/sites/prod/files/2013/08/f2/Grid Resiliency Report_FINAL.pdf
http://energy.gov/sites/prod/files/2013/08/f2/Grid Resiliency Report_FINAL.pdf
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000000001026889
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000000001026889
http://www.bnl.gov/rsg2014/files/talks/Drexel_BNLConEd.pdf

Chapter Ill: Modernizing the Electric Grid

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

3-32

Quanta Technology. “Cost-Benefit Analysis of the Deployment of Utility Infrastructure Upgrades and Storm
Hardening Programs” 2009. http://www.puc.texas.gov/industry/electric/reports/infra/Utlity_Infrastructure_Upgrades_rpt.
pdf. Accessed January 27, 2015.

Quadrennial Energy Review Analysis: Los Alamos National Laboratory, Sandia National Laboratories, and Argonne
National Laboratory. “Synthesis of Impacts/Disruptive Events on TS&D Infrastructure (Vol 1-3: Electricity, Liquid
Fuels, Natural Gas” 2014 (forthcoming at http://energy.gov/epsa/ger-document-library).

Department of Energy. “Smart Grid Investments Improve Grid Reliability, Resilience, and Storm Responses.”
November 2014. http://energy.gov/sites/prod/files/2014/12/£19/SG-ImprovesRestoration-Nov2014.pdf. Accessed February
25, 2015.

Dell, J. et al. “Chapter 4 Energy Supply and Use”” p. 113-129. In: Climate Change Impacts in the United States: The
Third National Climate Assessment. Global Change Research Program. 2014. http:/nca2014.globalchange.gov/report/
sectors/energy. Accessed April 2, 2015

Department of Energy. “The Potential Benefits of Distributed Generation and Rate-Related Issues that may Impede
their Expansion—A Study Pursuant to Section 1817 of the Energy Policy Act Of 2005.” February 2007. http:/www.
ferc.gov/legal/fed-sta/exp-study.pdf. Accessed February 25, 2015.

Electric Power Research Institute. “Estimating the Costs and Benefits of the Smart Grid: A Preliminary Estimate
of the Investment Requirements and the Resultant Benefits of a Fully Functioning Smart Grid” 2011. https:/Awvww.
smartgrid.gov/sites/default/files/doc/files/Estimating_Costs_Benefits_Smart_Grid_Preliminary_Estimate_In_201103.pdf.
Accessed February 25, 2015.

Jongejan, A. et al. “Dynamic Pricing Tariffs for DTE’s Residential Electricity Customers.” Center for Sustainable
Systems, University of Michigan. April 2010. http://css.snre.umich.edu/css_doc/CSS10-04.pdf. Accessed February 25,
2015.

Pinney, D. “Costs and Benefits of Conservation Voltage Reduction - CVR Warrants Careful Examination.” National
Rural Electric Cooperative Association. 2013. http://www.nreca.coop/wp-content/uploads/2014/01/NRECA_DOE_Costs_
Benefits_of_CVR_b.pdf. Accessed February 25, 2015.

Department of Energy. “Operations and Maintenance Savings from Advanced Metering Infrastructure — Initial
Results” December 2012. http://energy.gov/sites/prod/files/AMI_Savings_Dec2012Final.pdf. Accessed February 25, 2015.

Edison Electric Institute. “Disruptive Challenges: Financial Implications and Strategic Responses to a Changing Retail
Electric Business.” January 2013. http://www.eei.org/ourissues/finance/documents/disruptivechallenges.pdf. Accessed
February 25, 2015.

Quadrennial Energy Review Analysis: Taft, ].D. and A. Becker-Dippman. “Grid Architecture” Pacific Northwest
National Laboratory. PNNL-24044. January 2015. http://energy.gov/epsa/ger-document-library.

Massachusetts Institute of Technology. “The Future of the Electric Grid” p. 197-229. 2011. https:/mitei.mit.edu/system/
files/Electric_Grid_Full_Report.pdf. Accessed February 2, 2015.

Booth, A., M. Greene and H. Tai. “US Smart Grid Value at Stake: the $130 Billion Question.” In: McKinsey on Smart
Grid: Can the smart grid live up to its expectations? McKinsey & Co. http:/www.mckinsey.com/client_service/electric_
power_and_natural_gas/latest_thinking/mckinsey_on_smart_grid. Accessed February 14, 2014.

Roth, K.W. et al. “Energy Impact of Commercial Building Controls and Performance Diagnostics: Market
Characterization, Energy Impact of Building Faults and Energy Savings Potential.” p. 9-92. TIAX LLC. 2005.

Department of Energy. “Summary and Presentations from ‘Estimating the Benefits and Costs of Distributed Energy
Technologies’ Workshop Now Available” December 8, 2014. http://energy.gov/oe/articles/summary-and-presentations-
estimating-benefits-and-costs-distributed-energy-technologies. Accessed February 2, 2015.

Department of Energy. “2014 Report to Congress: Smart Grid System Report” August 2014. http://energy.gov/sites/
prod/files/2014/08/f18/SmartGrid-SystemReport2014.pdf. Accessed March 17, 2015.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015


http://www.puc.texas.gov/industry/electric/reports/infra/Utlity_Infrastructure_Upgrades_rpt.pdf
http://www.puc.texas.gov/industry/electric/reports/infra/Utlity_Infrastructure_Upgrades_rpt.pdf
http://energy.gov/epsa/qer-document-library
http://energy.gov/sites/prod/files/2014/12/f19/SG-ImprovesRestoration-Nov2014.pdf
http://nca2014.globalchange.gov/report/sectors/energy
http://nca2014.globalchange.gov/report/sectors/energy
http://www.ferc.gov/legal/fed-sta/exp-study.pdf
http://www.ferc.gov/legal/fed-sta/exp-study.pdf
https://www.smartgrid.gov/sites/default/files/doc/files/Estimating_Costs_Benefits_Smart_Grid_Preliminary_Estimate_In_201103.pdf
https://www.smartgrid.gov/sites/default/files/doc/files/Estimating_Costs_Benefits_Smart_Grid_Preliminary_Estimate_In_201103.pdf
http://css.snre.umich.edu/css_doc/CSS10-04.pdf
http://www.nreca.coop/wp-content/uploads/2014/01/NRECA_DOE_Costs_Benefits_of_CVR_b.pdf
http://www.nreca.coop/wp-content/uploads/2014/01/NRECA_DOE_Costs_Benefits_of_CVR_b.pdf
http://energy.gov/sites/prod/files/AMI_Savings_Dec2012Final.pdf
http://www.eei.org/ourissues/finance/documents/disruptivechallenges.pdf
http://energy.gov/epsa/qer-document-library
https://mitei.mit.edu/system/files/Electric_Grid_Full_Report.pdf
https://mitei.mit.edu/system/files/Electric_Grid_Full_Report.pdf
http://www.mckinsey.com/client_service/electric_power_and_natural_gas/latest_thinking/mckinsey_on_smart_grid
http://www.mckinsey.com/client_service/electric_power_and_natural_gas/latest_thinking/mckinsey_on_smart_grid
http://energy.gov/oe/articles/summary-and-presentations-estimating-benefits-and-costs-distributed-energy-technologies
http://energy.gov/oe/articles/summary-and-presentations-estimating-benefits-and-costs-distributed-energy-technologies
http://energy.gov/sites/prod/files/2014/08/f18/SmartGrid-SystemReport2014.pdf
http://energy.gov/sites/prod/files/2014/08/f18/SmartGrid-SystemReport2014.pdf

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

North American Electric Reliability Corporation. “Glossary of Terms Used in NERC Reliability Standards” Updated
May 8, 2014. http://www.nerc.com/pa/Stand/Glossary % 200f%20Terms/Glossary_of_Terms.pdf.

Consortium for Energy Efficiency. “2013 Annual Report.” http://www.ceel.org/ar/. Accessed January 15, 2015.

Bhargava, A. “This map shows how 36 states are modernizing the utility business model” Opower. http://blog.opower.
com/2014/09/utility-business-model-20-map/. Accessed March 2, 2015. Reproduced with permission.

Federal Energy Regulatory Commission. “FERC removes barriers to development of needed transmission in Midwest
Region” December 16, 2010. http://www.ferc.gov/media/news-releases/2010/2010-4/12-16-10-E-1.asp. Accessed
February 2, 2015.

Southwest Power Pool. “FERC Approves New Cost Sharing Method for Expanding SPP’s Transmission Grid.” June
17, 2010. http://www.spp.org/publications/FERC % 20Approves % 20New % 20Cost%20Sharing%20Method % 20for%20
Expanding%20SPP%20Transmission %20Grid.pdf. Accessed February 2, 2015.

Department of Energy, Office of Energy Policy and Systems Analysis. 2015.

National Rural Electric Cooperative Association. “Request for Information Addressing Policy and Logistical
Challenges to Smart Grid Implementation 75 FR 57006: Comments of the National Rural Electric Cooperative
Association.” p. 14-16. November 1, 2010. http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/NRECA_RFI_
Comments.pdf. Accessed February 1 2015.

Southwest Energy Efficiency Project. “Municipal Utility Energy Efficiency Programs: Leading Lights.” p. 4-5. March
2011. http://swenergy.org/publications/documents/Municipal % 20Utility % 20Energy % 2 0Efficiency % 20Programs %20-%20
Leading%20Lights.pdf. Accessed February 1, 2015.

See, for example, Electric Power Supply Association v. FERC, 753 F.3d 216 (D.C. Cir. 2014). Petition for certiorari
pending.

National Association of Regulatory Utility Commissioners. “FERC, NARUC Revamp ‘Sunday Morning
Collaborative” January 25, 2013. http://www.naruc.org/News/default.cfm?pr=348&pdf. Accessed February 2, 2015.

Bhatnagar, D. et al. “Market and Policy Barriers to Energy Storage Deployment.” Sandia National Laboratories.
September 2013. http://www.sandia.gov/ess/publications/SAND2013-7606.pdf. Accessed April 2, 2015.

Department of Energy, Office of Energy Policy and Systems Analysis. 2015.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015 3-33


http://www.nerc.com/pa/Stand/Glossary of Terms/Glossary_of_Terms.pdf
http://www.cee1.org/ar/
http://blog.opower.com/2014/09/utility-business-model-20-map/
http://blog.opower.com/2014/09/utility-business-model-20-map/
http://www.ferc.gov/media/news-releases/2010/2010-4/12-16-10-E-1.asp
http://www.spp.org/publications/FERC Approves New Cost Sharing Method for Expanding SPP Transmission Grid.pdf
http://www.spp.org/publications/FERC Approves New Cost Sharing Method for Expanding SPP Transmission Grid.pdf
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/NRECA_RFI_Comments.pdf
http://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/NRECA_RFI_Comments.pdf
http://swenergy.org/publications/documents/Municipal Utility Energy Efficiency Programs - Leading Lights.pdf
http://swenergy.org/publications/documents/Municipal Utility Energy Efficiency Programs - Leading Lights.pdf
http://www.naruc.org/News/default.cfm?pr=348&pdf
http://www.sandia.gov/ess/publications/SAND2013-7606.pdf




Chapter IV

MODERNIZING U.S. ENERGY
SECURITY INFRASTRUCTURES
IN A CHANGING GLOBAL
MARKETPLACE

This chapter addresses the role of infrastructure in ensuring U.S. energy security
in a global marketplace. It first describes the evolution of the concept of U.S.
energy security in response to interconnected global energy markets. It then
discusses the security benefits of both increased domestic production and
increasingly efficient use of energy. The chapter then examines four sets of
infrastructures and provides associated recommendations at the end of each
discussion. First, it looks at modernizing the Strategic Petroleum Reserve (SPR),
analyzing both its physical facilities and the legal authorities governing its use.
Second, the chapter examines changes affecting infrastructures for delivering
propane and alternative fuels—two important contributors to a diverse U.S.
energy supply. Third, it looks at the need to reinvigorate the U.S.-flagged
shipbuilding industry, given the importance of marine transport of energy
commodities to U.S. security. The chapter concludes with a discussion of the U.S.
energy infrastructures that are shared with Canada and Mexico. This discussion
is related to the broader issues of North American energy market integration
that are covered in Chapter VI (Integrating North American Energy Markets).
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FINDINGS IN BRIEF:
Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace

Multiple factors affect U.S. energy security. These include U.S. oil demand; the level of oil imports; the adequacy of
emergency response systems; fuel inventory levels; fuel substitution capacity; energy system resilience; and the flexibility,
transparency, and competitiveness of global energy markets.

The United States has achieved unprecedented oil and gas production growth. Oil production growth has enabled
the United States to act as a stabilizing factor in the world market by offsetting large sustained supply outages in the Middle
East and North Africa and, later, contributing to a supply surplus that has reduced oil prices to levels not seen since March
2009. The natural gas outlook also has changed tremendously. Just 10 years ago, it was projected that the United States
would become highly dependent on liquefied natural gas imports, whereas the current outlook projects that the United States
will have enormous capacity and reserves and could become a major liquefied natural gas exporter.

The United States is the world’s largest producer of petroleum and natural gas. Combined with new clean energy
technologies and improved fuel efficiency, U.S. energy security is stronger than it has been for over half a century. Nonetheless,
challenges remain in maximizing the energy security benefits of our resources in ways that enhance our competitiveness and
minimize the environmental impacts of their use.

The network of oil distribution (“the midstream”) has changed significantly. Product that had historically flowed
through pipelines from south to north now moves from north to south, and multiple midstream modes (pipelines, rail, and
barges) are moving oil from new producing regions to refineries throughout the United States.

The Strategic Petroleum Reserve's ability to offset future energy supply disruptions has been adversely
affected by domestic and global oil market developments coupled with the need for upgrades. Changes in the
U.S. midstream (for example, competing commercial demands and pipeline reversals) and lower U.S. dependence on imported
oil have created challenges to effectively distributing oil from the reserve. This diminishes the capacity of the Strategic
Petroleum Reserve to protect the U.S. economy from severe economic harm in the event of a global supply emergency and
associated oil price spike.

Increasing domestic oil production has focused attention on U.S. oil export laws established in the aftermath
of the 1973-1974 Arab 0il Embargo. There are now concerns that the U.S. oil slate may be too light for U.S. refineries;
although, recent Department of Commerce determinations that liquid hydrocarbons, after they have been processed through
a crude oil distillation tower, are petroleum products, and therefore eligible for export, will help avoid adverse production
impacts.

An extensive network of pipelines, electric transmission lines, roads, rail, inland waterways, and ports link
the United States with Mexico and Canada. These systems not only provide economic value to all three nations, but also
enhance continental energy security and improve system reliability.

Biofuel production in the United States has increased rapidly over the last decade, enhancing energy security
and reducing greenhouse gases from transportation. This growth has been driven in part by the Renewable Fuel
Standard. Ethanol now displaces approximately 10 percent of U.S. gasoline demand by volume; biodiesel, advanced and
cellulosic biofuel production volumes have also been growing. Continued growth in ethanol use will depend in part on
investment in additional distribution capacity; growth in the use of other biofuels, such as “drop-in” fuels, will depend on
continued investment in research, development, demonstration, and deployment.
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A Broad and Collective View of Energy Security

Until recently, the concept of energy security has focused on “oil security” as a proxy for “energy security.” It is

clear, however, that energy security needs to be more broadly defined to cover not only oil, but other sources of

supply, and to be based not only on the ability to withstand shocks, but also to be able to recover quickly from
any shocks that do occur. In addition, security is not exclusively domestic; it is dependent on interactions in
the interconnected global energy market.

Acknowledging the need for a modern and collective definition of energy security, last May in Rome the G-7¢
Energy Ministers adopted a set of seven core principles for energy security,' several of which are particularly
relevant to energy infrastructures:

o Development of flexible, transparent, and competitive energy markets, including natural gas markets.

« Diversification of energy fuels, sources, and routes and encouragement of indigenous sources of
energy supply.

« Reducing our greenhouse gas emissions and accelerating the transition to a low-carbon economy as a
key contribution to enduring energy security.

« Enhancing energy efficiency in demand and supply and demand response management.

« Promoting deployment of clean and sustainable energy technologies and continued investment in
research and innovation.

« Improving energy systems resilience by promoting infrastructure modernization and supply and
demand policies that help withstand systemic shocks.

« Putting in place emergency response systems, including reserves and fuel substitution for importing
countries, in case of major energy disruptions.

U.S. energy security and the infrastructures that support it, both physical and geopolitical, should be viewed
in the context of this new, broader, more collective definition of energy security. This chapter—and the
Quadrennial Energy Review (QER) more widely—addresses each of these elements. Chapter II (Increasing
the Resilience, Reliability, Safety, and Asset Security of TS&D Infrastructure) considers various actions that
the government and private sector can take to promote a more rapid and effective response to energy shocks,
including those from weather, supply disruptions, and physical attacks. This chapter, as well as Chapter VI
(Integrating North American Energy Markets), speaks to the increasing diversification of U.S. energy supply,
with safe, secure, and economically efficient energy coming from Canada and Mexico through pipelines, over
interconnected transmission networks, and via barge and tanker. The discussions in Chapter V (Improving
Shared Transport Infrastructures) address issues related to the diversification of fuel supplies and routes, as
well as the dynamics of better managing the distribution of the increasing production of domestic energy
supplies.

Energy security issues need to be considered in light of future supply growth projections, fuel switching,
shifting consumption patterns, and their implications for both U.S. and world energy security. Irrespective
of the recent global crude oil price drop, near-term projections from the Energy Information Administration
(EIA) and other expert energy market forecasters indicate global supply growth will continue for some time
and that potential oil price recovery—when and by how much—remains uncertain for the foreseeable future.

Finally, the discussion of energy security would not be complete without addressing the demand side.
While issues of energy conservation, energy efficiency, and demand reduction are largely out of scope for
this installment of the QER, they are nonetheless relevant for energy security. Figure 4-1 shows U.S. energy

¢ The G-7 countries include the United States, Canada, France, Germany, Italy, Japan, and the United Kingdom.
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demand as projected by EIA through 2040. These projections indicate that U.S. liquid fuel demand is expected
to grow through 2018 and then begin a slow decline for the remainder of the period. In contrast, EIA projects
a steady growth through the projection period for both electricity and natural gas. However, it should be
noted that EIAs projections do not consider regulations that are not yet finalized. Thus, EIA projections do not
account for electricity supply and demand changes likely to occur from implementation of the Environmental
Protection Agency’s “Clean Power Plan,” because it has not yet been finalized. Should demand decline in any
of these sectors (particularly, if the infrastructure and resources remained in place to manage higher levels of
supply), the energy system’s ability to withstand supply disruption would increase. Of course, over the longer
term, it is to be expected that a new equilibrium would be reached, and supplies and demand would again be
in balance, suggesting that supply disruptions could still create insecurities in the energy system even with
lower overall levels of energy flows.

Figure 4-1.Trends in U.S. Use of Petroleum, Natural Gas, and Electricity, 2011-20402
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EIA projections indicate that through 2040, natural gas and electric power demand will steadily increase, while liquid fuels demand will increase
until 2018 and then slightly decline through 2040.

U.S. Energy Security, Changed Production Profile, and
Infrastructure Needs

As discussed in Chapter I (Introduction), there have been striking changes in U.S. oil production over

the last 5 years, as well as changes in supplies of natural gas, natural gas liquids (NGL), and biofuels. The
unprecedented oil and gas production growth in the United States has made it the world’s largest producer
of combined petroleum and natural gas. Growth in oil production has enabled the United States to act as

a stabilizing factor in the world market by offsetting large sustained supply outages in the Middle East and
North Africa and, more recently, contributing to a supply surplus that has reduced oil prices to levels not
seen since March 2009.° The natural gas outlook also has significantly changed. Just 10 years ago, the United
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States was forecast to become highly dependent on liquefied natural gas imports; however, the current outlook
projects that the United States will have enormous capacity and will likely become a major liquefied natural gas
exporter.* Combined with new clean energy technologies and improved fuel efficiency, U.S. energy security is
stronger than it has been for over half a century.

This production of oil and natural gas is occurring in new locations often removed from areas of historical
production. As a consequence, the flow of both raw energy commodities and their refined products is
changing, placing demands on the infrastructure that moves them to intermediate users and consumers.

Historically, oil and oil products in the United States have tended to flow from south to north to inland
refineries. Now, this generally has been reversed, with oil from the Bakken field in North Dakota and Montana
moving from the north toward the Gulf of Mexico, as well as to East and West Coast refineries. Significant new
quantities of crude oil from the Eagle Ford and Permian shale basins also are moving to Gulf Coast refineries.
To accommodate these changes in the volume and geography of U.S. crude oil production, there have already
been substantial pipeline additions and some reversals,>° as shown in Figure 4-2.There have also been
significant increases in barge, rail, and truck transport of crude oil, crude oil products, petrochemicals, and
ethanol. This build-out of infrastructure has improved U.S. energy security. Without it, the United States could
not have reduced its reliance on imports of liquid fuels to the extent that it has.

Figure 4-2. Highlighted Pipeline Reversals and Expansions Accommodating Increased Domestic and Canadian Supply’
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There have been substantial pipeline additions and some reversals of pipeline product flows to accommodate the changes in domestic production
regions and the volumes of product that are being transported.
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Natural Gas and Liquid Fuels Scenario Analyses

Quadrennial Energy Review scenario analysis used the Deloitte MarketPoint model (wwuw.deloittemarketpoint.com) and
several oil infrastructure models to examine oil and gas transmission pipeline needs between 2014 and 2030. Several cases were
run to evaluate different oil and gas production and demand profiles (see Chapter I, Introduction, Table 1-2 for the complete

list of cases). Even under conditions where natural gas and liquid fuels demand increases dramatically, pipeline infrastructure
requirements do not exceed recent historical industry build rates. The recent build-out to integrate new shale gas supplies has
added substantial optionality to the interstate natural gas pipeline system. Options include utilizing excess pipeline capacity in
some regions, as well as the potential for additional looping, compression, and pipeline reversals. These options dampen the
need for new gas infrastructure; even when new gas capacity is regionally concentrated, as it would be in the Gulf if gas exports
were to increase significantly, annual rates of investment are at or below historical levels.

The analysis also incorporated expansion of the transportation and distribution infrastructure currently underway along with
expansion of this infrastructure to accommodate forecasted growth in crude production. Crude by rail remained an important
mode of transport for moving midcontinent crudes to coastal refineries. In addition, crude oil pipelines from north to south and
west to east continued to expand in the midcontinent and west Texas, respectively.

Many U.S. Gulf Coast refineries have been largely configured to use a greater share of heavy crude oils, whereas
nearly all of the recent incremental U.S. crude oil production is light oil. To date, U.S. refiners have been able to
absorb increasing amounts of light crude oil by displacing imported light and medium crudes. The natural gas

boom has not only reduced gas imports and enabled liquefied natural gas exports, but it has also reduced costs

for U.S. refiners who use natural gas for process fuel. They are now more competitive in international markets,

leading to more highly refined product exports.*®

As a result of the renaissance of U.S. oil and natural gas production, the U.S. Gulf Coast marine facilities
serving the SPR are operating at high capacities. This has implications for the distribution capacity of the
SPR, the infrastructures that support it, and the degree to which it can protect the U.S. economy from oil
disruptions.

The U.S. Strategic Petroleum Reserve: Oil Security Infrastructure

The SPR is a Federal facility that consists of a network of 62 salt caverns at 4 geographically dispersed storage sites

in Louisiana and Texas. It currently holds 691 million barrels of crude oil. The SPR caverns are connected to three
distribution networks—Seaway, Texoma, and Capline—that distribute SPR oil through a network of pipelines and
marine terminals to Gulf Coast refineries, inland refineries, and refineries on the East and West Coasts. The SPR has
a design drawdown capacity of 4.4 million barrels per day from its caverns into its distribution networks.” During an
SPR release, an auction determines which U.S. refineries will receive SPR oil. The ability to deliver oil to the refineries
is the SPR’s distribution capacity and depends on the SPR’s network of pipelines and marine terminals.

The SPR is an important insurance policy for the U.S. economy in the event of serious oil supply disruptions and the
associated price increases in domestic petroleum and petroleum products. Sharp increases in fuel prices and declines
in gross domestic product growth have consistently followed previous oil supply disruptions. In spite of the changes in
the U.S. oil profile, the U.S. economy will remain vulnerable to future international oil supply disruptions without the
protection afforded by the SPR."
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Changing Global and Domestic Oil Markets Underscore the Need to
Modernize the SPR

U.S. and global oil markets have evolved since the 1970s, changing the environment in which the SPR operates. When
the SPR was established, U.S. oil production was in decline, oil price and allocation controls separated the U.S. oil
market from the rest of the world, and a truly global commodity market for oil, as we know it today, did not exist.

The Energy Policy and Conservation Act of 1975’s (EPCAS) 1970’s-era goal was focused on avoiding “national energy
supply shortages”—a loss of supply to U.S. refineries—rather than on the impacts of an overall disruption of global oil
markets—a less important concern given the existence of domestic price controls that aimed to separate domestic and
foreign prices.

Regardless of the levels of U.S. oil imports, in today’s global oil markets, a severe global market disruption would
have the same effect on domestic petroleum product prices whether or not U.S. refineries import crude oil from the
disrupted countries.> ! EPCAS definition of a “severe energy supply interruption” should expressly include criteria
focused specifically on disruptions in the global oil market, regardless of whether they resulted in a loss of oil imports
to the United States.

Another change that would increase the effectiveness of the SPR involves the adequacy of the anticipatory authorities
in EPCA, which articulate the process and criteria for an SPR release before domestic petroleum price increases. In
1990, Section 161(h) was added to authorize an SPR release in anticipation of a severe increase of petroleum product
prices; that authority is limited to a release of no more than 30 million barrels of oil and for no more than 60 days. In
today’s fast-moving and globalized energy markets, the President should not have to wait until higher fuel prices have
already damaged the U.S. economy before the SPR can be used without restrictions. The authority to anticipate an
economy-damaging price increase as a result of a severe energy supply interruption should be added to the President’s
broader Section 161(d) release authorities to more closely conform to other EPCA goals of preventing “a severe
increase in the price of petroleum products” that “is likely to cause an adverse impact on the national economy.”

Further Enhancing the SPR’s Value in Today’s Oil Markets

In the event of a serious international oil supply disruption, offsetting a significant share of lost supplies with
SPR oil, in concert with other countries that hold strategic reserves, would help reduce the sharp increase of
international oil prices that would otherwise occur. When SPR oil is sold to domestic refineries, foreign oil
shipments that would have been processed by U.S. refineries are freed up for use elsewhere, effectively increasing
global oil supplies. The more oil the SPR is able to distribute to U.S. coastal refineries (inland refineries are now
well supplied by domestic production and Canadian imports), the more oil will be added to global markets. This
will mitigate the increase in international and domestic fuel prices and reduce harm to the U.S. economy. These
diversions of foreign oil that would have been used by U.S. refineries are illustrated by the 2011 Libyan Collective
Action.© At that time, the United States imported about 1 million barrels per day of oil from Nigeria. As a result
of the June 2011 SPR release, significant Nigerian supplies were redirected to foreign refineries. The SPR oil
sold to domestic refineries caused a corresponding increase of oil into the global market.

In recent years, the changing geography of U.S. oil production has led to major changes in the domestic oil and natural
gas pipeline system. New patterns of oil supply and demand among U.S. oil producers and refineries, along with
associated changes in the U.S. midstream, have significantly reduced the ability of the SPR to distribute incremental
volumes of oil during possible future oil supply interruptions. Moving SPR oil to Midwest refineries—a historical
pattern—would be of no value during a petroleum supply disruption as non-Canadian imports and Gulf Coast

¥ Domestic petroleum product prices are determined by international oil prices.

¢ In June 2011, the United States, as part of an International Energy Agency “Collective Action,” released 30 million barrels of SPR oil
in response to the loss of Libyan oil production as a result of the Libyan civil war (February 2011) and subsequent loss of Libyan oil
exports.
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supplies into this refining complex have essentially disappeared. The U.S. pipeline distribution system, along with
other modes of oil transport, is instead moving large volumes of oil to the Gulf Coast, especially from U.S. tight oil
plays and Canada.? This new geography of U.S. oil production and energy exports has also increased commercial
traffic at U.S. Gulf Coast marine loading facilities.

While the SPR can commandeer dock space at certain leased locations, doing so might cause a corresponding
reduction in commercial traffic. The changing patterns of U.S. oil imports® mean that the location of an international
oil supply disruption can affect the disposition of an SPR oil auction and the capacity of the SPR to deliver oil to its
customers.” If the SPR cannot load oil onto barges and tankers without disrupting commercial shipments, SPR sales
could be offset by a corresponding decrease in domestic crude oil shipments or exports of domestically produced
petroleum products. For all of these reasons—the evolution of global oil markets, the participation of the United

States in those markets, the changed geography and volume of U.S. oil supplies, reduced oil imports, and congestion of
commercial facilities in the SPR’s distribution region—an effective SPR release will increasingly depend on the ability
to load incremental SPR oil onto barges and tankers."

SPR facilities are also aging. Investment has not kept pace with need. Some SPR infrastructure is nearing

the end of its design life. Life-extension investments will be needed in the near future to ensure the SPR’s
reliability for the next several decades. The Department of Energy (DOE) is working to address SPR-deferred
maintenance issues within the regular budget process. The more costly long-term investments in life extension
will need to be addressed separately.

Administration Activities and Plans

In March 2014, the Secretary of Energy ordered the Strategic Petroleum Reserve office to conduct a test sale to demonstrate the
drawdown and distribution capacity of the Strategic Petroleum Reserve in the two locations served by its Texoma distribution
network. This test sale highlighted changes in the distribution infrastructure in the Gulf Coast region. During the test sale,
purchasers had problems getting capacity on one major pipeline for preferred deliveries and had to make adjustments by
shipping crude oil to a different terminal and placing the oil into temporary storage until pipeline capacity became available.?

The President’s Fiscal Year 2016 Budget provides $257 million for the development, operation, and management of the Strategic
Petroleum Reserve. This is an increase over fiscal year 2015 enacted levels of more than $54 million. This additional funding
includes more than $8.5 million for the operations and cavern integrity program, $17 million to improve distribution flexibility
and reliability at the Big Hill site, and more than $26 million to reduce the backlog of deferred maintenance projects and address

maintenance issues.

¢ Department of Energy. “Strategic Petroleum Reserve Test Sale 2014: Report to Congress.” p. 16. 2014. http://energy.gov/sites/
prod/files/2014/11/£19/2014%20SPR%20Test%20Sale % 20Final % 20Report.pdf. Accessed February 12, 2015.

B

For example, the SPR’s distribution capacity has been affected by reversals of the Seaway and Ho-Ho pipelines. New pipeline capacity
has been built to move oil stored at the Cushing, Oklahoma, terminal to the Gulf Coast, or to bypass Cushing by shipping oil from
new tight oil plays directly to Gulf Coast refineries.

«

Besides the virtual disappearance of non-Canadian imports to Midcontinent refineries, Gulf Coast refineries are using more heavy oil
from Latin America and less oil from the Middle East, while West Coast and East Coast refiners continue to import Middle Eastern
and other light/medium grade crudes.

/ The maximum distribution rate during an oil supply interruption depends on the location of the oil-exporting nation(s) that has
(have) been disrupted, the type of oil that has been disrupted, and whether the United States imports oil from that nation (and, if so,
how much and to what refining region). Additionally, due to increased U.S. tight oil production, the three SPR distribution systems
will, in the future, rely more on marine distribution of SPR oil than inland pipelines. The pipeline network will remain important,
though, especially for disruptions of oil that the Gulf Coast refineries rely on (such as oil from Venezuela, Mexico, or Columbia).
Supply disruptions from these sources may result in less congestion for moving SPR oil on its pipeline system.
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QER Recommendations

SPR MODERNIZATION

An effective modernization program for the SPR should reflect changed global oil markets and U.S.
market conditions. It should be undertaken, as should all recommendations in this chapter, with a more
up-to-date appreciation of the nature of energy security in an interconnected world. It should also focus
both on physical infrastructure and an updated statutory trigger for the use of the SPR. Addressing
both physical and statutory issues will ensure that high volumes of incremental barrels of oil will be able
to move rapidly to U.S. refineries in case of a global market disruption, thereby increasing supplies in
global markets and maximizing the value of the SPR for meeting the Nation’ strategic energy needs.
Specific recommendations include the following:

Update SPR release authorities to reflect modern oil markets: Congress should update the SPR
release authorities in EPCA so that (1) the definition of a severe energy supply interruption includes
an interruption of the supply of oil that is likely to cause a severe increase in the price of domestic
petroleum products, and (2) the requirement that a severe increase in the price of petroleum
products has resulted from such emergency situation is changed to a requirement that a severe price
increase will likely result from such emergency situation.

Invest to optimize the SPR’s emergency response capability: DOE should make investments to
optimize the ability of the SPR to protect the U.S. economy in an energy supply emergency. It is
anticipated that $1.5-$2.0 billion is needed to increase the incremental distribution capacity of
the SPR by adding dedicated marine loading dock capacity at the Gulf Coast terminus of the SPR
distribution systems, as well as undertaking a life extension program for key SPR components,
including surface infrastructure and additional brine-drive caverns. This work should be preceded
by DOE analyzing appropriate SPR size and configuration and carrying out detailed engineering
studies.

Support other U.S. actions related to energy security infrastructures that reflect a broader and
collective view of energy security: The United States should continue to consult with allies and
key energy trading partners on energy security issues, as well as support actions related to energy
infrastructures that are consistent with U.S. interests and G-7 principles on energy security.

Infrastructure Supporting Energy Security through Fuel Diversity

Transmission, storage, and distribution (TS&D) infrastructure has an important role to play in meeting
another one of the long-term energy security core principles adopted by the G-7: diversifying energy fuels,
sources, and routes and encouraging indigenous sources of energy supply. Two challenges in recent years
related to maintaining a diverse supply of energy fuels—in the face of overall TS&D infrastructure changes that
have been occurring—relate to the use of propane and biofuels.

Changes in NGL Infrastructure and Exports Could Have Propane Customer
Impacts

Propane is a hydrocarbon gas liquid produced in gas plants and refineries. Propane is primarily used in
industry, but during the winter, propane is an essential fuel for heat and is especially important in rural areas.
The infrastructure connecting the producers of propane with distribution points for customers has changed
dramatically in the last few years. As other geographies of energy supply have changed, infrastructure once used
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to transport propane to these distribution points (particularly those that serve agricultural users predominantly
in the Upper Midwest) has been converted to other purposes. One of the major changes in this regard has been
the reversal, by Kinder Morgan, of the Cochin pipeline, which originally transported propane from a storage
site in Edmonton, Canada, to serve markets throughout the Midwest. In early 2014, the company reversed the
pipeline’s flow to deliver NGL to Edmonton, cutting off a major supply source of propane for Midwest markets.

Although propane storage has increased along with recent increasing levels of NGL production, a growing
portion of propane is being exported. Propane exports are seasonal, however, reflecting tighter markets
during the winter when domestic demand is high and greater surplus during the summer. In addition, rapidly
increasing exports of propane and other NGL, as shown in Figure 4-3, are competing with the supply needs

of users of propane in the agricultural, residential, and petrochemical sectors. This changing interplay of NGL
use was highlighted during the fall and winter of 2013-2014 when propane users encountered severe regional
shortages and price spikes in some regions across the country.

Figure 4-3. U.S. Hydrocarbon Gas Liquid Exports'>"
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Since 2009, U.S. hydrocarbon gas liquid exports have risen substantially due to increased domestic production and wide international price spreads.

" Hydrocarbon gas liquids: A group of hydrocarbons, including ethane, propane, normal butane, isobutane, and natural gasoline, and
their associated olefins, including ethylene, propylene, butylene, and isobutylene. As marketed products, hydrocarbon gas liquids
represent all NGL and olefins.

4-10  QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015



Biofuels and TS&D Infrastructure Issues

Ethanol production in the United States has increased steadily over the last few decades, driven by tax credits,
the oxygenate standard, the Renewable Fuel Standard, and the lower cost of ethanol relative to other gasoline
additives. By 2012, ethanol production reached nearly 10 percent of U.S. gasoline demand by volume. As
shown in Figure 4-4, further growth in ethanol production has flattened since then. Increased use of ethanol
requires either growing gasoline consumption or higher-level blends (E15, with 15 percent ethanol, or E85,
with up to 85 percent ethanol). However, the demand for gasoline is not expected to grow significantly (due
to projected improvements of fuel economy and demographic trends). Continued growth in ethanol use will
depend in part on private sector investment in additional distribution capacity of higher-level blends.

Figure 4-4. Yearly Ethanol and Biodiesel Production, 2001-2013"
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Yearly production of ethanol increased between 2001 and 2011 and has declined slightly through 2013.

Ethanol shipments from production plants typically occur by rail, which accounts for approximately 70 percent
of ethanol transport."”” Ethanol is then delivered by truck (or directly by rail) to petroleum product terminals
that blend ethanol with unfinished gasoline for delivery by truck to retail outlets. It is difficult to move ethanol
shipments by pipeline because ethanol absorbs water and can therefore degrade the specifications of petroleum
products, which would follow it in the pipeline.

Other biofuels have chemical properties more similar to gasoline and other hydrocarbons, enabling more
ready distribution through existing TS&D infrastructure. Upstream biofuels involve biofuels that could be
blended into the petroleum product supply chain at the refinery and then transported with the petroleum

" The oxygenate standard for reformulated gasoline, introduced by the Clean Air Act Amendments of 1990, required a minimum
level of oxygen in complying gasoline. The oxygen content of gasoline is typically increased by blending ethanol or methyl tertiary
butyl ether into gasoline. The oxygenate standard was repealed in the same legislation that established the Renewable Fuel Standard
(Energy Policy Act of 2005).

7 The Renewable Fuel Standard was enacted as part of the Clean Air Act by the Energy Policy Act of 2005 and amendments in 2007.
The Renewable Fuel Standard requires a minimum level of qualifying biofuels, including ethanol, to be blended into U.S. motor fuels.
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product through its normal infrastructure. These alternatives include oil from the pyrolysis of biomass,
hydrocarbons derived from applying the Fischer-Tropsch process to mixtures of carbon monoxide and
hydrogen produced in biomass gasifiers, oil derived from algae, and fatty acid methyl esters.'® Drop-in biofuels,
such as biobutanol and renewable diesel, can use existing oil and gasoline infrastructure and be “dropped in”

at points along the supply chain without infrastructure modification. Future research on both types of biofuels
can support energy security through fuel diversity without posing additional infrastructure challenges.

Administration Activities and Plans

Propane. The Administration has taken a series of actions to respond to the changes in transmission, storage, and distribution
infrastructure for propane and other natural gas liquids. The Energy Information Administration has added capability to
monitor propane inventories on a more granular, state-by-state basis, greatly enhancing the ability of industry, consumers, and
policymakers to monitor possible shortages or distribution issues. Because propane storage in customer tanks can provide an
additional margin of supply security, the Federal Government supported public education campaigns to encourage consumers
to fill their propane storage early for the 2014—2015 winter season. As of January 2015, propane inventories were above the
5-year average, and the Propane Education and Research Council's market research shows the campaign contributed to these
increases.*!

Department of Energy (DOE) alternative fuels programs. DOE has supported research and development on the

compatibility of higher-level ethanol blends with distribution infrastructure and vehicles. DOE grants and loans helped initial
commercial cellulosic ethanol refineries come online. DOE has active research programs on drop-in fuels, and small amounts
are already entering the commercial markets.™ DOE also has robust research, development, demonstration, and deployment

programs using electricity and hydrogen in vehicles, and use of these fuels in transportation is increasing.

Department of Defense alternative fuels programs. The Air Force's 2013 “U.S. Air Force Energy Strategic Plan” includes a
goal to use cost-competitive alternative drop-in fuels for half of “non-contingency” operations by 2025. The Navy's 2010 report,
“A Navy Energy Vision for the 21st Century,” sets a goal of 50 percent of Naval energy use afloat to be derived from alternative
fuels by 2020. The Navy designated an aircraft carrier task force built around the USS Nimitz as “the great green fleet,” which

is intended to operate using biofuels by 2016. In support of these objectives, the Department of Defense has an active program
of research and development and testing alternative fuels for use in a range of aircraft and ships, including Fischer-Tropsch
synthetic biofuels and small amounts of algal biofuels. The Department of Defense also purchases alternative fuels for research
and testing purposes.

k¥ Propane Education & Research Council. “Results of the 2014 Consumer Safety Preparedness Campaign.” February 2015. http:/
www.propanecouncil.org/uploadedFiles/Council/Campaigns/ConsumerCampaignPresentationResults.pdf. Accessed
March 4, 2015.

! Energy Information Administration. “This Week in Petroleum: Propane stocks (million barrels) and days of supply” http://
www.eia.gov/petroleum/weekly/propane.cfm. Accessed February 25, 2015.

™ Department of Energy. “Bioenergy Frequently Asked Questions.” http://www.energy.gov/eere/bioenergy/bioenergy-
frequently-asked-questions. Accessed February 25, 2015.
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QER Recommendations

TS&D INFRASTRUCTURE RELATED TO FUEL DIVERSITY

To address TS&D infrastructure issues related to promoting U.S. energy security through fuel diversity,
we recommend the following:

Continue research, development, and deployment of drop-in biofuels and support work

related to higher-level ethanol blends: DOE and the Department of Defense should continue to
fund research and demonstration activities on drop-in jet fuel and diesel. These applications are
important given the challenges of electrifying airplanes and other large vehicles. Most production is
in the pilot or demonstration phase, and, beginning in 2011, some commercial flights in Europe and
the United States have flown with 50-50 biofuel blends. Despite this, biofuels for aviation and large
vehicle applications still face considerable challenges in penetrating these markets. In addition,
DOE should provide technical support to states, communities, or private entities wishing to invest
in infrastructure to dispense higher-level ethanol blends.

Continue to monitor propane storage, use, and exports: Given the changes occurring in propane
TS&D infrastructure, DOE should ensure adequate support for EIA’s data collection and analysis
relative to domestic propane storage and use, as well as propane exports, going forward.

Infrastructure Supporting Energy Security through Marine
Transport

The marked increase in inland, coastal, and offshore maritime traffic stemming from the recent boom in U.S.
oil and gas production and the resulting investment in the petrochemical complex highlights the need for new
energy transport vessels in the United States.

Trends in U.S. Shipbuilding

American shipyards are experiencing a surge in construction orders for patrol boats, tugs, barges of all sizes,
ferries, and other vessels. In 2012 alone, U.S. shipbuilders delivered 1,260 vessels'” and have since seen a spike
in orders for large ocean-going vessels. Today, there are more than 30 large, self-propelled, ocean-going Jones
Act-eligible tankers, articulated tug-barge units, and container ships either under construction or on order

at U.S. shipyards. The Maritime Administration has noted that U.S. shipyards are experiencing the greatest
volume of shipbuilding activity in more than three decades.'®

An understanding of the history of the decline of U.S. commercial shipbuilding capacity is instructive. Until
1981, the U.S. policy was to actively support its merchant marine fleet and the Nation’s domestic shipbuilding
industry, recognizing its critical role in supporting national defense.” U.S. international shipping companies
received an operating subsidy, a condition for which was to buy U.S.-built ships. Subsidized shipping
companies received a construction subsidy to make up the difference between the prices of less expensive
foreign built ships and the prices charged by U.S. shipyards. In 1981, operating and construction differential
subsidies were halted under the theory that the domestic industry would be supported by construction of
naval vessels.”” When construction of naval vessels actually declined, the effect was a significantly diminished
capacity for domestic shipbuilding.?! Prior to the 1980s, U.S. shipbuilders produced nearly 100 commercial
ships per year. Orders for commercial ships dropped to zero in the mid-1980s and have averaged just seven
ships per year since.”?
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U.S. shipyards traditionally focused on orders from U.S. shipping companies.” South Korea, Japan, and China
have aggressively sought export business and subsidized their shipping industries.”* Currently, South Korea
and China dominate the shipbuilding industry® and benefit from technical learning, capital investment, and
improving economies of scale and purchasing advantages. As a result, these nations now operate at much lower
costs than competitors, including the United States.* Despite accounting for about 20 percent of the global
seaborne trade, the United States builds less than 1 percent of the world’s merchant vessels.?” Aside from lost
commercial opportunity, some observers believe that reliance on foreign shipyards could have implications for
U.S. security and prosperity.

QER Recommendations

MARINE TRANSPORT

The security implications are evident in the inextricable linkage between energy and maritime
commerce, as recent changes require moving oil in new ways. Because it is important to have a better
understanding of possible energy vulnerabilities associated with the overall decline in U.S. shipbuilding,
as well as the competitiveness opportunities associated with enhancing domestic energy shipbuilding,
we recommend the following:

Undertake a study of the relationship between domestic shipping and energy security: The
relevant agencies should conduct a study of the economic, engineering, logistics, workforce,
construction, and regulatory factors affecting the domestic shipping industry’s ability to support
U.S. energy security. We recommend that the Secretary of Transportation ensure that the National
Maritime Strategy includes a consideration of the energy security aspects of maritime policy in its
discussion and recommendations.

Energy Security Benefits of North American TS&D Infrastructure

One of the most significant benefits to U.S. energy security is its location; the United States shares the North
American continent with two close allies. The United States, Canada, and Mexico are each resource-rich
nations; there is an enormous bilateral energy trade; and all three countries have intertwined and increasingly
integrated energy markets and infrastructure. Three of the G-7 core principles for energy security have
regional implications for the United States and its North American neighbors: the improvement of energy
system resilience to disruptions through infrastructure modernization; the development of flexible and
competitive energy markets; and the diversification of fuel mixes, sources, and routes.

The TS&D infrastructure across the U.S.-Canadian and U.S.-Mexican borders is diverse and extensive.
Currently, there are approximately 85 transboundary pipelines and 35 major electricity transmission lines
that transport crude oil, refined products, natural gas, and electricity across the U.S.-Canadian border." To
the south, liquid fuels make up the largest share of the energy trade between the United States and Mexico,
primarily via shipping in the Gulf of Mexico. Additionally, 17 natural gas interconnections currently span the
U.S.-Mexican border, and while minimal, electricity trade does occur between California and Baja California
and to a lesser extent between Texas, Tamaulipas, and Chihuahua.?

" Additional oil and petroleum products are shipped to Canada.
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The United States and Canada share water access through the Great Lakes and St. Lawrence Seaway. The Army
Corps of Engineers lists more than 60 commercial harbors on the U.S. Great Lakes coast alone.*” Rail and
trucking routes also span the border, enabling the transfer of energy commodities using several transportation
modes. Further development of these interconnections could improve continental security and bring
economic benefits. For example, the Electric Reliability Council of Texas has peak electricity demand that
exceeds generation in south Texas, and it is using new high-voltage transmission lines to provide power from
Mexican generating facilities to Texas. Additional generation is being proposed on the Mexican side of the
border that can support Texan power requirements and help avoid power outages.

Chapter VI (Integrating North American Energy Markets) contains a more detailed discussion of the North
American energy markets and the benefits of increased integration beyond that of enhanced regional energy
security.
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RECOMMENDATIONS IN BRIEF:
Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace

Update Strategic Petroleum Reserve (SPR) release authorities to reflect modern oil markets. Congress should
update SPR release authorities to allow the SPR to be used more effectively to prevent serious economic harm to the United
States in case of energy supply emergencies.

Invest to optimize the SPR’'s emergency response capability. The Department of Energy (DOE) should analyze
appropriate SPR size and configuration, and, after carrying out detailed engineering studies, should make infrastructure
investments in the SPR and its distribution systems to optimize the SPR's ability to protect the U.S. economy in an energy supply
emergency.

Support other U.S. actions related to the SPR and energy security infrastructures that reflect a broader and
more contemporary view on energy security. The United States should continue to consult with allies and key energy
trading partners on energy security issues, building on the G-7 principles on energy security.

Support fuel diversity through research, demonstration, and analysis. DOE and the Department of Defense

should continue research and demonstration activities to develop biofuels that are compatible with existing petroleum fuel
infrastructure, especially in aviation and for large vehicles. DOE should provide technical support to states, communities, or
private entities wishing to invest in infrastructure to dispense higher-level ethanol blends. DOE should ensure adequate support
for data collection and analysis on fuels, like propane, that play an important role in the Nation'’s diverse energy mix and are
challenged by changing transmission, storage, and distribution infrastructures.

Undertake a study of the relationship between domestic shipping and energy security. The relevant agencies
should conduct a study of the economic, engineering, logistics, workforce, construction, and regulatory factors affecting the
domestic shipping industry's ability to support U.S. energy security. The Secretary of Transportation should ensure that the
National Maritime Strategy includes a consideration of the energy security aspects of maritime policy in its discussion and
recommendations.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015



Endnotes

L.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Foreign Affairs, Trade and Development Canada. “Joint Statement - Rome G7 Energy Ministerial Meeting.”
http://www.international.gc.ca/g8/ministerials-ministerielles/2014-g7-rome.aspx?lang=eng. Accessed February 1, 2015.

Energy Information Administration. “Annual Energy Outlook -- Reference case tables released: May 2014.” Energy
Consumption by Sector and Source, U.S. Reference Case. Petroleum and Other Liquids Subtotal. http:/iwww.eia.gov/
analysis/projection-data.cfm#annualproj.

Energy Information Administration. “Short-Term Energy Outlook” February 10, 2015. http:/www.eia.gov/forecasts/
steo/. Accessed February 25, 2015.

Energy Information Administration. “Annual Energy Outlook 2014.” April 2014. http://www.eia.gov/forecasts/aeo/
pdf/0383%282014%29.pdf. Accessed February 25, 2015.

Hays, K. “U.S. crude oil pipeline projects: Kinder Morgan acquiring Hiland Crude” Reuters. January 21, 2015.
http://www.reuters.com/article/2015/01/21/us-usa-pipeline-oil-factbox-idUSKBNOKU2SX2015012 1. Accessed February 3,
2015.

Quadrennial Energy Review Analysis: INTEK Inc. “United States Fuel Resiliency: US Fuels Supply Infrastructure
(Vol 1-3)” September 2014. http://energy.gov/epsa/ger-document-library.

Quadrennial Energy Review Analysis: INTEK Inc. “United States Fuel Resiliency: US Fuels Supply Infrastructure
(Vol 1-3)” September 2014. http://energy.gov/epsa/ger-document-library.

Department of Energy. “DOE’s Program Regulating Liquefied Natural Gas Export Applications.” June 18, 2013.
http://energy.gov/fe/articles/doe-s-program-regulating-liquefied-natural-gas-export-applications. Accessed February 12,
2015.

Quadrennial Energy Review Analysis: INTEK Inc. “United States Fuel Resiliency: US Fuels Supply Infrastructure
(Vol 1-3)” September 2014. http://energy.gov/epsa/ger-document-library.

Difiglio, C. “Oil, Economic Growth and Strategic Petroleum Stocks” Energy Strategy Reviews. Volume 5. p. 48-58.
2014. http://www.sciencedirect.com/science/article/pii/S2211467X14000443.

Energy Information Administration. “What Drives U.S. Gasoline Prices?” October 30, 2014. http://www.eia.gov/
analysis/studies/gasoline/. Accessed April 1, 2015.

Quadrennial Energy Review Analysis: INTEK Inc. “United States Fuel Resiliency: US Fuels Supply Infrastructure
(Vol 1-3)” September 2014. http://energy.gov/epsa/qer-document-library.

Energy Information Administration. “Exports.” http:/www.eia.gov/dnav/pet/pet_move_exp_a_EPLLE_EEX_mbbl_m.
htm. Accessed December 2014.

Melaina, M.W. et al. “Alternative Fuel Infrastructure Expansion: Costs, Resources, Production Capacity, and Retail
Availability for Low-Carbon Scenarios” National Renewable Energy Laboratory. 2013.

Association of American Railroads. “Railroads and Ethanol” May 2014. https://www.aar.org/BackgroundPapers/
Railroads%20and%20Ethanol.pdf. Accessed February 12, 2015.

Bunting, B. et al. “Fungible and Compatible Biofuels: Literature Search, Summary, and Recommendations.” Oak
Ridge National Laboratory. 2010.

Department of Transportation, Maritime Administration. “The Economic Importance of the U.S. Shipbuilding and
Repairing Industry” http:/www.marad.dot.gov/documents/MARAD_Econ_Study_Final_Report_2013.pdf. Accessed
February 1, 2015.

Department of Transportation, Maritime Administration. “The Jones Act Moves Industry and America’s Economic
Prosperity” October 9, 2014. http://www.dot.gov/blog/jones-act-moves-industry-and-americas-economic-prosperity.
Accessed February 1, 2015.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015

4-17


http://www.international.gc.ca/g8/ministerials-ministerielles/2014-g7-rome.aspx?lang=eng
http://www.eia.gov/analysis/projection-data.cfm#annualproj
http://www.eia.gov/analysis/projection-data.cfm#annualproj
http://www.eia.gov/forecasts/steo/
http://www.eia.gov/forecasts/steo/
http://www.eia.gov/forecasts/aeo/pdf/0383%282014%29.pdf
http://www.eia.gov/forecasts/aeo/pdf/0383%282014%29.pdf
http://www.reuters.com/article/2015/01/21/us-usa-pipeline-oil-factbox-idUSKBN0KU2SX20150121
http://energy.gov/epsa/qer-document-library
http://energy.gov/epsa/qer-document-library
http://energy.gov/fe/articles/doe-s-program-regulating-liquefied-natural-gas-export-applications
 http://energy.gov/epsa/qer-document-library
http://www.sciencedirect.com/science/article/pii/S2211467X14000443
http://www.eia.gov/analysis/studies/gasoline/
http://www.eia.gov/analysis/studies/gasoline/
 http://energy.gov/epsa/qer-document-library
http://www.eia.gov/dnav/pet/pet_move_exp_a_EPLLE_EEX_mbbl_m.htm
http://www.eia.gov/dnav/pet/pet_move_exp_a_EPLLE_EEX_mbbl_m.htm
https://www.aar.org/BackgroundPapers/Railroads and Ethanol.pdf
https://www.aar.org/BackgroundPapers/Railroads and Ethanol.pdf
http://www.marad.dot.gov/documents/MARAD_Econ_Study_Final_Report_2013.pdf
http://www.dot.gov/blog/jones-act-moves-industry-and-americas-economic-prosperity

Chapter IV: Modernizing U.S. Energy Security Infrastructures in a Changing Global Marketplace

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

4-18

Lind, M. “Who's Afraid of Industrial Policy?” January 31, 2012. http://www.salon.com/2012/01/31/whos_afraid_of_
industrial_policy/. Accessed January 16, 2015.

Maritime Activity Reports, Inc. “The Future of American Shipbuilding” http:/Awvww.marinelink.com/article/
shipbuilding/the-future-american-shipbuilding-805. Accessed March 19, 2015.

Globalsecurity.org. “Ship Building 1981-89 - Reagan, Ronald”” http://www.globalsecurity.org/military/systems/ship/scn-
1981-reagan.htm. Accessed March 17, 2015.

The Industrial College of the Armed Forces National Defense University. “Shipbuilding” 2005. www.dtic.mil/get-tr-
doc/pdf?AD=ADA449541.

Shipbuilding History. “Merchant Ship Construction Since WWIIL” http:/Awww.shipbuildinghistory.com/history/
merchantships.htm#MERCHANT_SHIP_CONSTRUCTION_SINCE_WWII. Accessed March 17, 2015.

The Industrial College of the Armed Forces National Defense University. “Shipbuilding” 2005. www.dtic.mil/get-tr-
doc/pdf?AD=ADA449541.

Stopford, M. “World Shipbuilding” Clarkson Research. Presentation for the SMM Press Conference. September
8, 2014. http://www.smm-hamburg.com/fileadmin/user_upload/4-1_Martin_Stopford_SMM_Press_Conference_8_
Sept_2014_Final.pptx. Accessed March 17, 2015.

The Industrial College of the Armed Forces National Defense University. “Shipbuilding” 2005. www.dtic.mil/get-tr-
doc/pdf?AD=ADA449541.

Lind, M. “Who's Afraid of Industrial Policy?” January 31, 2012. http://www.salon.com/2012/01/31/whos_afraid_of_
industrial_policy/. Accessed January 16, 2015.

Energy Information Administration. “Mexico Country Analysis” April 24, 2014. http://www.eia.gov/countries/cab.
cfm?fips=mx. Accessed February 6, 2015.

Army Corps of Engineers. “Great Lakes Harbor Fact Sheet” March 2014. http://www.Ire.usace.army.mil/Portals/69/
docs/Navigation/FY2015/mar19factsheets.pdf. Accessed January 27, 2015.

QER Report: Energy Transmission, Storage, and Distribution Infrastructure | April 2015


http://www.salon.com/2012/01/31/whos_afraid_of_industrial_policy/
http://www.salon.com/2012/01/31/whos_afraid_of_industrial_policy/
http://www.marinelink.com/article/shipbuilding/the-future-american-shipbuilding-805
http://www.marinelink.com/article/shipbuilding/the-future-american-shipbuilding-805
http://www.globalsecurity.org/military/systems/ship/scn-1981-reagan.htm
http://www.globalsecurity.org/military/systems/ship/scn-1981-reagan.htm
http://www.dtic.mil/get-tr-doc/pdf?AD=ADA449541
http://www.dtic.mil/get-tr-doc/pdf?AD=ADA449541
http://www.shipbuildinghistory.com/history/merchantships.htm#MERCHANT_SHIP_CONSTRUCTION_SINCE_WWII
http://www.shipbuildinghistory.com/history/merchantships.htm#MERCHANT_SHIP_CONSTRUCTION_SINCE_WWII
http://www.dtic.mil/get-tr-doc/pdf?AD=ADA449541
http://www.dtic.mil/get-tr-doc/pdf?AD=ADA449541
http://www.smm-hamburg.com/fileadmin/user_upload/4-1_Martin_Stopford_SMM_Press_Conference_8_Sept_2014_Final.pptx
http://www.smm-hamburg.com/fileadmin/user_upload/4-1_Martin_Stopford_SMM_Press_Conference_8_Sept_2014_Final.pptx
http://www.dtic.mil/get-tr-doc/pdf?AD=ADA449541
http://www.dtic.mil/get-tr-doc/pdf?AD=ADA449541
http://www.salon.com/2012/01/31/whos_afraid_of_industrial_policy/
http://www.salon.com/2012/01/31/whos_afraid_of_industrial_policy/
http://www.eia.gov/countries/cab.cfm?fips=mx
http://www.eia.gov/countries/cab.cfm?fips=mx
http://www.lre.usace.army.mil/Portals/69/docs/Navigation/FY2015/mar19factsheets.pdf
http://www.lre.usace.army.mil/Portals/69/docs/Navigation/FY2015/mar19factsheets.pdf

3 o i
o o 0 . R R . 3

IR e &3‘\ t \\w\\F‘
v i LK T

ORI )

A

e
P



Chapter V

IMPROVING
SHARED TRANSPORT
INFRASTRUCTURES

This chapter examines the use—for transporting, storing, and delivering
energy—of transportation modes shared by other major commodities. These
modes include railroads, highways, waterways, ports, and the intermodal
facilities that connect them together. The discussion is divided into four major
sections. The first focuses on rail transport of energy commodities, with a
consideration of ancillary use of highways. The second focuses on waterways,
ports, and their connectors to other transportation infrastructure. The third
section addresses conflicts due to the increased transport of energy supplies,
materials and components. The final section focuses on gaps in data and
analytical methods needed to understand the rapid changes occurring in the
use of these transport infrastructures for energy. Each major section concludes
with a discussion of major Administration initiatives underway to address the
issues—especially in rail transport—and recommendations for further action.
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FINDINGS IN BRIEF:
Improving Shared Transport Infrastructures

Rapid crude oil production increases have changed the patterns of flow of North American midstream
(pipelines, rail, and barge) liquids transport infrastructure. Pipelines that previously delivered crude oil from the Gulf
of Mexico to Midcontinent refineries have now changed direction to deliver domestic and Canadian oil to the Gulf of Mexico.
In addition, oil produced in North Dakota is now being shipped to refineries on the East and West Coasts of the United States.
As a result, modes of transport other than pipelines are being employed to move crude oil, including a significant increase in
crude oil unit trains and barge shipments.

Limited infrastructure capacities are intensifying competition among commaodities, with some costs passed
on to consumers. Until new additional capacity becomes available, the competition among commodity groups for existing
capacity will intensify. The proximity of Bakken crude oil movements and Powder River Basin coal movements, along with
agricultural shipments in the region, affect Midwest power plants and the food industr