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Chapter I

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 for enhanced oil recovery)

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
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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 Nation’s
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
moving natural gas. Close to 50 percent of the Nation’s 9%
gas transmission and gathering pipelines were 2000s Pre-1940s

constructed in the 1950s and 1960s—a build-out of the é
8%
1940s

interstate pipeline network to respond to the thriving
post-World War II economy (see Figure 1-1). Analyses
conducted for the Quadrennial Energy Review (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.?

23%
1950s

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.

¢ 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.>**** 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 Bcf/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.%*”¢ 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, and Vermont; Oyster Creek in New Jersey is also slated 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°
Billions of 2012 Dollars
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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 Average Temperature in the Later Part of this Century (2071-2099; 20-year average) Relative
to the Late Part of Last Century (1970-1999) under Low- and High-Emission Scenarios for Global GHGs®®
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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 system’s 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.

» 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:

«  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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Chapter I: Introduction

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 9.2 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.%

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. GHG Emissions under Obama Administration Targets®3
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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.

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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Figure 1-9. Objectives, Goals, and Organization of the QER®

Economic
Competitiveness

ENVIRONMENT
SITING

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

Infrastructure

Improving
et ENERGY

Transport INFRASTRUCTURE Modernizing
Infrastructures FORTHE 21ST the Electric Grid
CENTURY

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

ELEcTRIOTY

© High Level Goals @ Energy Infrastructure Objectives Crosscutting Issues

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.

Figure Notes:

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

2. 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.

3. 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.
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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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In parallel with the QER, DOE is conducting a Quadrennial Technology Review examining energy research,
development, demonstration, and deployment opportunities. Unlike the QER, which assesses the entire energy
sector, the QTR is more directly focused on DOE'’s internal research and technology priorities. The first QTR
was issued in 2011, and the box below describes the 2015 QTR effort.

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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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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