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Executive Summary

lean energy is sweeping across America, and
is poised for further dramatic growth in the
years ahead.

Wind turbines and solar panels were novelties 10
years ago; today, they are everyday parts of Amer-
ica’s energy landscape. Energy-saving LED light
bulbs cost $40 apiece as recently as 2010; today,
they cost a few dollars at the local hardware store.!
Electric cars and the use of batteries to store excess
energy on the grid seemed like far-off solutions
just a few years ago; now, they are poised to break
through into the mass market.

Virtually every day, there are new developments
that increase our ability to produce more renewable
energy, apply renewable energy more widely and
flexibly to meet a wide range of energy needs, and
reduce our overall energy use — developments that
enable us to envision an economy powered entirely
with clean, renewable energy.

America produces nearly eight times as much re-
newable electricity from the sun and the wind as in
2007,2 and in March 2017, for the first time ever, wind
and solar produced 10 percent of America’s electric-
ity.® At the same time, the average American uses 10
percent less energy than a decade ago, due in great
part to improvements in energy efficiency.

The last decade has proven that clean energy tech-
nology can power American homes, businesses and
industry — and leaves America poised to dramatically
accelerate its shift away from fossil fuels. With renew-
able energy prices falling and new energy-saving
technologies coming on line every day, America

should work to obtain 100 percent of our energy
from clean, renewable sources.

The last decade has seen explosive growth in the
key technologies needed to power America with
clean, renewable energy.

Solar energy: America produces 43 times more
solar power than it did in 2007, enough to power
more than 5 million average American homes. In
2007, solar rooftops and utility-scale solar power
plants produced 0.03 percent of U.S. electricity;
by 2016, they produced 1.4 percent of America’s
power.>

« Wind energy: America produces seven times as
much wind power as it did in 2007, enough to
power 21 million homes. In 2007, wind turbines
produced 0.8 percent of the nation’s electricity;
by 2016, they produced 5.5 percent of America’s
power.®

« Energy efficiency: America uses 3.6 percent less
energy than in 2007, in great part due to more
energy efficient lighting, appliances and cars.” The
average American uses 10 percent less energy
than in 2007, and the nation’s energy consump-
tion per unit of GDP has fallen by 14 percent.®

 Electric vehicles: Building an economy reliant on
clean, renewable energy means ending the use of
fossil fuels for all activities, including transporta-
tion. There were 157,000 electric vehicles sold in
the U.S.in 2016, up from virtually none in 2007.°
Electric vehicle sales surged by nearly 40 percent
in 2016 over 2015, fueled by lower prices, better
performance and a range of attractive and afford-
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able new vehicle models.’ In the first five months
of 2017, electric vehicle sales were up an addition-
al 44 percent over 2016."

« Energy storage: Expanding the ability to store
electricity can help the nation take full advantage
of its vast potential for clean, renewable energy.
The United States saw a 20-fold increase in utility-
scale battery storage from 2007 to 2016, with the
greatest increase taking place in 2016."? The recent
introduction of home electricity storage systems
produced by companies like Tesla could set the
stage for further growth in the years to come.”

Clean energy leadership is not concentrated in
one part of the country. Rather, it is distributed
across the United States, in states with different
economic and demographic makeups, driven by
a combination of clean energy attributes and
policies that have helped clean energy measures
succeed.

» Solar energy: California, Arizona, North Carolina,
Nevada and New Jersey have seen the greatest
total increases in solar energy since 2007. Califor-
nia’s landmark “Million Solar Roofs” program,
which accelerated the state’s solar industry in
the mid-2000s, along with its strong renewable
electricity standard and other policies, helped to
trigger the dramatic rise of solar power there.

« Wind energy: Texas, Oklahoma, lowa, Kansas and
[llinois experienced the greatest total increases
in wind energy generation from 2007 to 2016.
Texas' policies to upgrade its grid to accommodate
more wind power from rural west Texas played an
important role in the boom.

« Energy efficiency: Rhode Island, Massachusetts,
Michigan, lllinois and Maryland saw the greatest
increases in the share of electricity saved through
efficiency measures, according to the Ameri-
can Council for an Energy-Efficient Economy. By
2015, Rhode Island was implementing efficiency
measures designed to save the equivalent of 3

3 Rewnewables on the Rise

percent of statewide electricity consumption in
their first year.

 Electric vehicles: California, Hawaii, Oregon,
Washington and Georgia have seen the most
plug-in electric and plug-in hybrid vehicles sold
since 2012, as a percentage of in-state vehicles."
Six of the top 10 states for EV sales require that a
certain percentage of each automakers’sales be
zero-emission vehicles, including California, which
is home to nearly half of the nation’s electric
vehicles.”

« Energy storage: California, lllinois, West Virgin-
ia, Ohio and Pennsylvania lead the nation in
additions to energy storage since 2007, though
the industry is still in its infancy. All of those states,
except for California, are part of the PJM regional
grid; PJM (the regional transmission organiza-
tion that operates the electric grid in much of
the Mid-Atlantic and Midwest) increased battery
storage as a response to a decision by the Federal
Energy Regulatory Commission to increase
compensation for grid additions that allow for
rapid changes in electricity production.’

Rapid improvements in technology and plum-
meting prices for clean energy suggest that
America has only begun to tap its vast clean
energy potential.

+ Nearly every segment of the clean energy market
is seeing rapid price declines. A Department of
Energy survey of clean energy prices found that,
from 2008 to 2015, the cost of land-based wind
energy fell by 41 percent; the cost of distributed
solar photovoltaics (PV) capacity by 54 percent;
the cost of utility-scale PV by 64 percent; the cost
of batteries by 73 percent; and the cost of LED
bulbs by 94 percent.” Today, after years of price
declines, the unsubsidized costs of utility-scale
wind and solar energy have fallen to levels that
are “cost-competitive with conventional genera-
tion technologies under some scenarios,” accord-



ing to Lazard’s most recent levelized cost of
energy survey.'®

Experts predict that prices will continue to fall.

A recent survey of wind energy experts by the
National Renewable Energy Laboratory found
that the global price of wind power is expected to
fall 24-30 percent by 2030 and 35-41 percent by
2050.” Bloomberg New Energy Finance predicts
that“[b]y 2025, solar may be cheaper than using
coal on average globally,” even when the costs
imposed by coal use on public health and the
environment are excluded.?®

Technology advances are also making renewable
energy technologies more efficient and effective.
In 2007, the highest-capacity wind turbine in the
world was 6 MW, with only one such test proto-
type actually in operation.? Today, an entire wind
farm of 8 MW turbines is generating electricity off
the coast of England; according to DONG Energy,
which led the project, a single revolution of the
blades on just one turbine can power a home for
29 hours.?2 Meanwhile, the average residential
solar panel installed in 2015 was 18 percent more
efficient than that installed just five years earlier,
in2010.

Advanced new products are also helping to
reduce energy consumption. For example, sales
of smart thermostats, which give homeowners
more control over home energy use, grew from 2
million units in 2013 to 5 million units in 2015.%*

The U.S. should plan to meet all of its energy
needs - for electricity, transportation and indus-
try — with clean, renewable energy, and put poli-
cies and programs in place to achieve that goal.

Repowering America with clean, renewable
energy is a key strategy in phasing out carbon
pollution by 2050 - a necessary step to prevent
the worst impacts of global warming. Transition-
ing to clean, renewable energy will also improve

our health by preventing hazardous air pollution,
and increase our safety by protecting us from the
hazards of extracting, transporting and processing
dangerous fuels.

« America’s renewable energy resources are suffi-
cient to power the nation several times over. The
technologies needed to harness and apply renew-
able energy are advancing rapidly. And research-
ers from a wide variety of academic and govern-
mental institutions have developed a variety of
scenarios suggesting renewable energy can meet
all or nearly all of our society’s needs.

«  While clean, renewable energy is advancing rapid-
ly, fully replacing fossil fuels will require additional
commitment and action. If the nation were to
install as much renewable energy every year as we
did in 2016, by 2050 American would be produc-
ing enough electricity to meet only 57 percent of
today’s electricity demand, before accounting for
non-electricity energy needs.

- To accelerate progress, a growing number of
businesses, cities and states are adopting 100
percent renewable energy targets and goals. In
2015, Hawaii became the first state in the country
to set a 100 percent renewable energy require-
ment for its electricity sector, through its renew-
able energy standard.? According to the Sierra
Club, 29 cities have committed to 100 percent
renewable energy, and six cities have already
achieved it.?” The organization RE100 has collected
100 percent renewable energy commitments from
96 companies, including Bank of America, Google,
and Anheuser-Busch InBev.?

America has already made incredible progress
toward getting its energy from clean, renewable
sources. Policymakers at all levels should fully commit
to repowering America with clean, renewable energy.

Executive Summary 4



Introduction

he cost of America’s dependence on fossil

fuels is steep. Our dependence on oil, gas and

coal pollutes our environment, jeopardizes
our health, costs us money, and threatens our national
security. Burning fossil fuels in our homes, businesses,
factories and cars is the leading source of the pollut-
ants that cause global warming, which is already con-
tributing to more intense storms, punishing droughts,
and rising seas — and which threatens far greater
consequences in the years and decades to come.?

Repowering our economy with clean, renewable
energy can put our nation on a healthier, more
sustainable course. And with rapid improvements in
technology, vast clean energy resources, and a willing
public, a future powered entirely by clean renewable
energy is increasingly within our reach.

The last decade has seen solar power sweep across
the country, becoming a common feature on homes
and businesses, and in solar farms and community
solar gardens. Tens of thousands of wind turbines
have popped up on the plains, mountains and
coasts of the United States. Advanced energy-saving
technologies — from LED light bulbs to “smart”
thermostats — have made their way into millions of
Americans’ homes.

5 Rewnewables on the Rise

For America to take full advantage of that momen-
tum, however, cities, states, businesses and individu-
als will need to take the lead. Strong public policies
that support renewable energy development will be
necessary, as will individual, corporate and govern-
mental commitments to clean, renewable energy.

The American people are ready to move forward.
Eight in 10 Americans support expanding wind
power, and nine in 10 support expanding solar power
- nearly double the support for any other type of en-
ergy.*® Twice as many Americans want energy policy
to emphasize conservation as opposed to produc-
tion.>” And a 2014 consumer demand survey found
that energy efficiency is the number one unmet
concern of homeowners.*?

A decade ago - even five years ago - the idea of
transitioning to 100 percent renewable energy
might have seemed a fantasy. The experience of
the last decade, however, as documented in this
report, shows that rapid adoption of clean energy
technologies is possible. By continuing to foster and
accelerate the growth of renewable energy and the
technologies that can successfully integrate it into
our energy system, we can achieve a clean energy
future for America.



Clean Energy Technologies Are
Booming Across America

ince 2007, America has made rapid progress
toward repowering our economy with clean,
renewable energy.

Just nine years ago, many key clean energy technolo-
gies were limited to niche markets or perceived as
too expensive. Today, the rapid adoption of wind

and solar power and energy efficient technologies —
along with the emergence of electric vehicles and en-
ergy storage — provides a glimpse of what is possible
in the transition to an economy powered entirely
with clean, renewable energy.

Solar Energy Has Grown 43-Fold
Since 2007

Energy from the sun is emission-free and virtually
unlimited: Enough sunlight hits the earth every
hour to supply the world’s energy needs for an
entire year.>

Despite its abundance, tapping into solar energy was
too difficult and prohibitively expensive for most
people until the early part of the 215 century. By 2007,
years of intensive research, along with pioneering
pro-solar policies adopted by states such as Califor-
nia, had begun to pave the way for increased adop-
tion of solar energy. That year, solar rooftops and
utility-scale solar power plants produced 0.03 per-
cent of America’s electricity, or enough electricity to
power 120,000 average American homes.>*

What Is Clean, Renewable Energy?

Not all renewable energy sources have an equal
benefit for the environment. Some forms of
biomass and hydroelectric power, for example,
can create serious environmental problems. Truly
clean, renewable energy is:

« Virtually pollution-free, producing little to no
global warming pollution or health-threaten-
ing pollution;

+ Inexhaustible, coming from natural sources
that are regenerative or practically unlimited.
No matter how much we use, there will always
be more;

- Safe, with minimal impacts on the environ-
ment, community safety and public health,
and those impacts that do occur are tempo-
rary, not permanent; and,

- Efficient, representing a wise use of resources.

Although all energy sources must be deployed
responsibly, solar and wind energy generally
meet these criteria, as do many types of ocean,
tidal, river current and geothermal energy. En-
ergy efficiency technologies also count as “clean
energy” — delivering continuous environmental
benefit at limited to no environmental cost.

(lean Energy Technologies Are Booming Across America
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Since 2007, however, solar power has boomed. By
2012, solar power was generating enough electricity to
power one million average U.S. homes. In April 2016,
the U.S. saw its one millionth solar panel installation.*

And by the end of 2016, the U.S. had wrapped

up its biggest solar year in history, generating 43
times more solar power than in 2007. In 2016, solar
power generated 1.4 percent of America’s electricity,
enough to power more than 5 million average Ameri-
can homes, a 44 percent increase over the previous
year.* Solar energy continued its rapid growth in
early 2017, as the nation produced 34 percent more
solar electricity in the first quarter of the year than it
did in 2016.%”

Solar energy may still produce only a small share of
America’s electricity, but it is growing rapidly. Dis-
tributed solar energy, including panels installed on
residential and commercial rooftops, grew 28-fold
from 2007 to 2016, while utility-scale generation
grew 60-fold. America’s capacity to produce electric-
ity from concentrated solar power — in which mirrors
concentrate sunlight to store energy as heat in a ther-
mal storage fluid — has grown eightfold since 2007.%®
Meanwhile, solar heating systems for homes and
businesses, which make direct use of sunlight’s ther-
mal energy to provide air or water heating, produced
20 percent more energy in 2016 than in 2007, enough
to provide annual water heating for 3.9 million aver-
age American households.*

Figure 1. Solar Electricity Production Grew 43-Fold from 2007 to 2016*
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Table 1. Top States for Solar Electricity Growth 2007 to 2015 (GWh)**

Solar electricity Solar electricity Increase, Rank, by
production, 2007 production, 2016 2007 - 2016 Increase
California 1,062 27,432 26,370 1
Arizona 17 5,408 5,391 2
North Carolina 1 4,016 4,015 3
Nevada 65 2,918 2,853 4
New Jersey 73 2,746 2,673 5
Massachusetts 6 1,949 1,943 6
Texas 5 1,108 1,103 7
Georgia - 1,076 1,076 8
New York 16 1,067 1,051 9
Utah 0.3 1,023 1,023 10

Figure 2. Solar Electricity Production, Top States, 2007 and 2016

30,000
<
25,

3 5,000

c

(=)

£ 20,000

=

S m 2007 m2016

a 15,000

2>

S

£ 10,000

[}

T

("]

2 5000 I

’ ]
. om 7I 1 1 =« 0 = =

L R R NG A & @ & Q& PN

Q.}{\o* ?&0 Cz;\o\\ %‘5@ N &&z <2 (D@o‘ s o N
(l \\s\ ée ‘;9 %

(lean Energy Technologies Are Booming Across America 8



The growth of solar energy can be witnessed not
only in the proliferation of solar panels on rooftops,
but also in changes in the workforce. The growth of
solar energy has created a wide variety of employ-
ment opportunities, from research to manufacturing
to installation to sales. The solar industry now em-
ploys more than 260,000 solar workers, more workers
than are employed by the natural gas industry, and
more than twice as many as are employed by the coal
industry.*

California stands apart in solar energy growth and
overall production of solar energy. California was
responsible for nearly half the growth in solar energy
production nationwide between 2007 and 2016,

with the amount of solar electricity produced in the
state increasing 26-fold over that time. California’s
booming solar market has benefited from strong
policy support, including the innovative “Million Solar
Roofs” program that accelerated state solar growth in
the mid-2000s.%

The top 10 states for solar energy additions since
2007 include some of America’s sunniest states, like
Arizona and Nevada, as well as northeastern states
such as New Jersey, Massachusetts, and New York
that have provided strong policy support for solar
energy. Many of the states with the most rapid solar
energy growth have benefited from a suite of strong
solar policies.”

Figure 3. America’s Top 10 States for Growth in Solar Electricity Production Since 2007
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Wind Energy Has Grown
Seven-Fold Since 2007

Like sunlight, the wind is abundant and emission-
free, and wind energy has experienced dramatic
growth over the last decade.

Wind power is not a new technology. Humans have
used windmills to do work for more than 1,000 years,
and the first electric-generating wind turbine was
built in the late 19'" century. By 2007, America had
built up modest capacity for generating electricity
from the wind, producing 0.8 percent of the nation’s
electricity, enough to power more than 3 million
homes.*

The last decade has seen dramatic growth in wind
energy. In January 2016, the 50,000 wind turbine
was installed in the U.S. From 2007 through 2016,
American wind generation grew seven-fold. In 2016,

wind turbines produced 5.5 percent of America’s
power, enough to power 21 million homes, an in-
crease of 19 percent over the previous year.*® Today,
the U.S. is also just beginning its offshore wind era:
In 2016, America’s first utility-scale offshore turbines
began spinning off the coast of Rhode Island, where
the 30 MW wind farm generates enough electricity to
power 17,000 homes.*”” Other states are also moving
toward offshore wind. In Massachusetts, in July 2017
utilities began requesting bids for new offshore wind
projects as part of the state’s plan to acquire 1,600
MW of offshore wind capacity.*®

State and federal policies, including the federal invest-
ment and production tax credits, have helped enable
the dramatic rise of wind and solar power. A study by
the Natural Resources Defense Council estimated that
the extension of those tax credits in late 2015 “will
prompt the development of nearly 29,000 megawatts

Figure 4. U.S. Wind Energy Production Grew Seven-Fold from 2007 to 2016°°
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of additional new utility-scale wind and solar capacity day in February 2017, wind power supplied more

by 2020, enough to power nearly 8 million homes.”* than half of Texas’ electricity demand.”’ Texas’ wind
energy growth was made possible in part by a $7 bil-
lion investment in the state grid, which allows for the
transmission of wind energy from the state’s windiest
regions to its biggest cities.*

To date, Plains states have led the American wind
energy revolution. From 2007 to 2016, Texas, lowa
and Oklahoma led the nation in added wind power.
In all three states, wind generation grew more than
six-fold over that time period. Among the states with the biggest growth in wind
energy, four produced at least 10 times as much wind
energy in 2016 as they did in 2007: Oklahoma, Kansas,
lllinois, and North Dakota.

In Texas alone there are now more than 10,000 wind
turbines; during the early morning hours on one

Table 2. States with Most Additional Wind Energy Production 2016 Vs. 2007 (GWh)*

Additional Generation

2017 - 2016

Texas 9,006 57,551 48,544 1

Oklahoma 1,849 19,913 18,064 2
lowa 2,757 20,049 17,293 3
Kansas 1,153 14,113 12,961 4
lllinois 664 10,627 9,963 5
Colorado 1,292 9,425 8,134 6
California 5,585 13,698 8,113 7
Minnesota 2,639 10,637 7,998 8
North Dakota 621 8,080 7,459 9
Oregon 1,247 7,163 5,916 10
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Wind Energy Production (GWh)

Figure 5. Wind Energy Production, Top States, 2007 and 2016
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U.S. Energy Consumption Has
Dropped by 3.6 Percent Since 2007

The task of moving to 100 percent clean, renewable
energy can be made dramatically cheaper and easier
by reducing the amount of energy wasted in ineffi-
cient buildings, cars and equipment.

Between 1950 and 2007, total energy use in the
United States nearly tripled.>* Since 2007, however,
energy use in the United States has fallen by 3.6 per-
cent, despite a growing population and economy.*
Today, America uses less energy than it did in 2002,
when the country had 34 million fewer people.

On a per-capita basis, energy consumption in the U.S.
dropped by 10 percent between 2007 and 2016, while
energy consumption per unit of GDP fell by 14 percent,
even as real GDP increased by more than 10 percent.*

Energy consumption can vary due to a number of
factors - including weather and economic trends

- but public policy has played an important role in
helping to reduce energy consumption in the U.S.

Federal fuel economy standards have led to
more efficient vehicles.’” In 2007, the average
fuel economy of a new vehicle was 20.6 miles per
gallon, no better than 20 years earlier.’® In 2016,
the average fuel economy was 25.6 miles per
gallon — an improvement of 24 percent.

According to a survey by the American Council
for an Energy-Efficient Economy (ACEEE), electric
efficiency programs across the U.S. saved nearly
2.7 times as much energy in 2015 as in 2007, as
states ramped up their investments in efficiency.*®
In 2015, these programs saved enough electric-
ity to power 2.5 million homes, equivalent to 0.7
percent of all U.S. electricity sales in 2015.

Dozens of state energy efficiency policies, along
with the federal Energy Independence and Securi-
ty Act of 2007, have driven adoption of efficient
appliances and lighting, including light emitting
diode (LED) lighting.®® From 2009 to 2015, the
percentage of homes with at least one energy-
efficient lightbulb in the house - typically either

Figure 7. U.S. Per Capita Energy Consumption Dropped by 10 Percent from 2007 to 2016
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an LED or CFL bulb - increased from 58 percent to
86 percent.®' In 2014, LED lighting saved approxi-
mately 143 trillion Btu, equivalent to the total
energy used by 1.6 million homes.5?

. State energy building codes are reducing building
energy use; residential and commercial buildings
account for 40 percent of U.S. energy consump-
tion.% In recent years many states either imple-
mented or updated building codes.’* In 2014,
building energy codes saved approximately 1.1
quadrillion Btu, equivalent to the total energy
used by 12 million homes.®®

ACEEE's data on electricity efficiency also reveals
improvements in state-level electricity efficiency
programs and policies. Rhode Island, Massachusetts,
Michigan, lllinois and Maryland led the nation in addi-
tional electricity efficiency savings in 2015 compared
with 2007.%¢ Over that time period, Rhode Island more
than tripled its electricity savings, and in 2015 Rhode
Island’s electricity savings were equivalent to nearly

Table 3. Most Improved States for Electricity Efficiency”

3 percent of the state’s total electricity consumption.
These savings were thanks to a number of energy
saving programs in the state. Significant savings have
been due to Rhode Island’s Comprehensive Energy
Conservation, Efficiency and Affordability Act of
2006, which requires utilities to acquire all cost-effec-
tive energy efficiency.®” And, since 2008, Rhode Island
has invested millions of dollars in revenue from the
Regional Greenhouse Gas Initiative (RGGI, the north-
east’s cap-and-trade program) in energy efficiency, in
programs including efficient public-sector buildings,
adoption of LED streetlights, and financial incentives
for consumer efficiency.®®

Two states that rank in the top five for biggest im-
provement in electric efficiency gains — Michigan and
lllinois — had zero efficiency savings in 2007. Michi-
gan, which was recognized as a “most-improved”
state in ACEEE's 2016 efficiency rankings, has made
significant improvements in recent years to its build-
ing efficiency standards.®

Data reported by ACEEE’s 2009 and 2016 State Energy Efficiency Scorecard reports.

Electricity Saved as %

of Retail Sales 2007

Electricity Saved as %
of Retail Sales 2015

Change

Rhode Island 0.81%
Massachusetts 0.86%
Michigan 0.00%
lllinois 0.00%
Maryland 0.00%
Ohio 0.02%
Arizona 0.41%
Indiana 0.02%
New York 0.36%
Washington 0.74%

(Percentage points)

291% 2.10 1
2.74% 1.88 2
1.16% 1.16 3
1.13% 1.13 4
1.01% 1.01 5
0.92% 0.90 6
1.19% 0.78 7
0.76% 0.74 8
1.05% 0.69 9
1.42% 0.68 10
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Figure 8. America’s Top 10 States for Electricity Efficiency Gains Since 2007

Annual Sales of Electric Vehicles
Have Grown to 160,000 Since 2007

Achieving an economy powered by 100 percent
renewable energy means ending the use of fossil
fuels for all activities, not just electricity. That means
ending the use of petroleum for transportation — a
sizeable task, given that it that currently powers the
overwhelming majority of our vehicles. Although
there are a number of strategies for reducing trans-
portation fossil fuel use - like encouraging public
transportation, walking and biking, and limiting
sprawl — as long as Americans continue driving cars
and trucks, adopting electric vehicles (combined with
a renewable electric grid) is a necessity.

The first modern electric vehicles (EVs) did not appear
on American roads until the late 2000s, and as late as
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2010 the number of EVs - including plug-in hybrids —
on American roads numbered only in the hundreds.

To date, however, there have been more than 620,000
EVs (including plug-in hybrid vehicles) sold in the
U.S.”" There are more than 20 models on the market,
ranging from affordable commuter cars to ultra-fast
luxury supercars.”? In 2016, 157,000 EVs were sold.”* In
the first five months of 2017, EV sales were up an ad-
ditional 44 percent compared with 2016.”* New mod-
els - such as Tesla’s newly released Model 3, of which
more than 400,000 have already been pre-ordered by
consumers — continue to generate excitement.

California leads the nation in electric vehicle adop-
tion. Since 2011, nearly half of all EVs sold in the
country were sold in California.” Six of the states
leading the nation in EV sales (ranked by EVs per



Figure 9. Electric Vehicle Sales Reached Nearly 160,000 in 20167°
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registered vehicle) — California, Maryland, New Jersey,
New York, Oregon and Vermont — have requirements
that a certain percentage of each automakers’ sales
be zero-emission vehicles.”” Georgia, which ranks
fifth for EV sales per registered vehicle (and second
for cumulative EV sales), had seen its EV market boom
under a tax incentive program - since that program
was repealed and replaced with a registration fee for
EVs, electric vehicle sales have dropped by 80 per-

cent.”® Georgia’s experience suggests the importance
of policy for the adoption of EVs.

Recent years have also seen the widespread deploy-
ment of electric vehicle charging stations across the
country. From 2007 to 2016, the number of public
charging stations increased from barely 100 to more
than 16,000, with stations appearing throughout the
country, particularly along major highways.
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Table 4. Top EV States through March 2017 (Ranked by EVs per Registered Vehicle)”

Plug-In EV Sales Sales per Thousand Rank (EVs per Rank
through March 2017 Registered Vehicles registered vehicle)  (Cumulative sales)
California 283,593 19.9 1 1
Hawaii 5814 11.3 2 19
Oregon 12,421 8.8 3 9
Washington 23,243 8.4 4 3
Georgia 26,018 7.5 5 2
Vermont 1,707 6.8 6 29
Colorado 9,279 5.1 7 13
Maryland 9,105 4.6 8 14
New York 22,099 4.6 9 4
New Jersey 12,721 4.4 10 8

Table 5. Top States for Electric Vehicle Charging Stations and EV Sales?°

State Public Charging Stations (as of July 5, 2017) Rank
California 3,850 1
Texas 888 2
Florida 876 3
New York 766 4
Washington 689 5
Georgia 602 6
Massachusetts 486 7
Oregon 484 8
Maryland 446 9
Colorado 445 10
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Figure 10. America’s Top 10 States for Electric Vehicle Sales Since 2007

Figure 11. EV Public Charging Stations in the United States

Data Source: U.S. Alternative Fuels Data Center
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Battery-Powered Energy Storage
Has Grown 20-Fold Since 2007

America has vast resources of clean, renewable energy,
but taking full advantage of that potential requires

an energy system that can accommodate daily and
seasonal variations in the availability of energy sources
such as solar and wind power. There are many strate-
gies that can be used to integrate renewable energy
into a reliable grid. Upgrades to the U.S. transmission
system to create an interconnected national grid could
allow wind energy to be sent from the western plains
to East Coast cities when they need it. The use of
“smart grid” technology can allow real-time changes
in energy use to reduce demand during times of lower
generation. In the long run, overbuilding wind and so-
lar energy might allow for adequate generation even
on days when there is less sun and wind.®’

Energy storage technologies can also help to en-
able a 100 percent renewable energy future. Energy
storage technologies like batteries can smooth the
deployment of renewable energy by storing excess
energy for later use. For example, when the sun
shines during the day, excess energy can be stored
for use at night.

Energy storage has not yet seen a boom comparable
to wind or solar power, but there are signs that such a
boom may soon be on the way.

Between 2007 and 2016, the U.S. added 602 MW of
utility-scale energy storage, for a total of 22.2 GW -a
modest increase of 3 percent in total storage capac-
ity.822 Most storage that existed prior to 2007 was in

the form of large-scale hydroelectric pumped storage
systems. In these systems, water is pumped to a higher
elevation during periods of surplus generation, and

Figure 12. America’s Utility-Scale Battery Storage Capacity Grew 20-Fold from 2007 to 20162¢
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allowed to flow back down through a hydroelectric
generator system when electricity is later needed.

Since 2007, however, one sector of energy storage
has seen dramatic progress: battery storage. Aided in
part by the rise of battery-powered electric vehicles,
recent price declines and technology improvements
have, for the first time, made batteries a viable and
flexible option for expanding energy storage capac-
ity, and have enabled the first-ever widescale rollout
of utility-scale battery storage.

More than 90 percent of the energy storage added
since 2007 has been in the form of battery stor-
age, which increased 20-fold in terms of capacity
through 2016.% The first widespread installations of
home and business-scale energy storage — some-
times paired with solar energy — have taken place in
the last two years.®*

Experts predict that improving batteries will propel
rapid growth in energy storage in the coming years.
GTM Research, for example, projects that annual U.S.
energy storage additions will reach 1.7 GW by 2020 -
nearly three times the total energy storage additions
from 2007 to 2016.%

At the state level, California, lllinois, West Virginia, Ohio
and Pennsylvania led the nation in energy storage
additions from 2007 to 2016. All of those states, except
for California, are part of the PJM regional grid. PJM (the
regional transmission organization that operates the
electric grid in much of the Mid-Atlantic and Midwest)
increased battery storage as a response to a decision by
the Federal Energy Regulatory Commission to increase
compensation for grid additions that allow for rapid
changes in electricity production.?” lllinois, West Virginia
and Ohio had no energy storage capacity before 2007.

Table 6. States That Added Most Energy Storage 2007 — 2016

2°°c7ai’;‘:i’g,y(3“,’v’;“9€ 201 fai’;‘:i’g,y(:;“l’v’fge Additions 2007 - 2016 (MW)
California 3709 3868.5 159.5 1
lllinois 0 1124 1124 2
West Virginia 0 65.5 65.5 3
Ohio 0 53 53 4
Pennsylvania 1541 1591.4 50.4 5
Texas 0 41 41 6
Hawaii 0 27 27 7
Indiana 0 22 22 8
New York 1240 1260 20 9
Maine 0 16.7 16.7 10

(lean Energy Technologies Are Booming Across America 20



California led the nation in installation of new en- of energy storage was due in part to a California

ergy storage, installing 159 MW from 2007 to 2016, Public Utilities Commission requirement that utili-
with 118 MW of California’s new capacity in the form ties increase energy storage capacity; additions also
of battery storage. In 2016, California accounted increased rapidly in response to the Aliso Canyon
for more than a fifth of the nation’s total battery natural gas leak, in which energy storage was used
storage capacity. California’s aggressive adoption to minimize grid disruptions.®®

Figure 13. America’s Top 10 States for Energy Storage Additions Since 2007
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Three States Now Generate a Third (or More) of Their Electricity with

Renewable Energy

With falling energy use, and expanding wind and
solar generation, renewable energy now accounts
for a significant percentage of U.S. electricity use.

In 2016, wind and solar power produced 7 per-
cent of all U.S. electricity generation, eight times
greater than the percentage they produced in
2007. In March 2017, for the first time, wind and
solar power produced 10 percent of all U.S. elec-
tricity for an entire month.®® Although renewable
energy penetration in March is not representative
of the entire year — spring months are generally

windier and see more wind energy production —
the 10 percent mark is nevertheless an important
milestone.®

In 2016, 17 states generated enough wind and solar
energy to supply more than 10 percent of their
electricity needs.” Three states — North Dakota,
lowa and Oklahoma - generated enough wind and
solar power to supply at least a third of their elec-
tricity needs. North Dakota generated sufficient
wind and solar electricity to supply 45 percent of its
electricity needs.

Table 7. Top 10 States by Wind and Solar Generation as Percentage of Electricity Consumption®?

Wind and Solar Generation as Percentage

2016 Rank

of Electricity Consumption (2016)

North Dakota
lowa
Oklahoma
Wyoming
South Dakota
New Mexico
Colorado
Minnesota
Kansas

California

45% 1
42% 2
33% 3
26% 4
26% 5
20% 6
19% 7
17% 8
17% 9
16% 10

(lean Energy Technologies Are Booming Across America
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The U.S. Can and Must Accelerate
Clean Energy Progress

n order to prevent the worst impacts of global

warming, the U.S. must rapidly phase out the use

of fossil fuels. Transitioning to clean, renewable
energy will also improve our health by preventing
hazardous air pollution, and increase our safety by
protecting us from the hazards of extracting, trans-
porting and processing dangerous fuels.

Fortunately, the United States has more than enough
renewable energy potential to support all of our energy
needs. According to the National Renewable Energy
Laboratory, the United States has the technical potential
to meet its current electricity needs more than 100 times
over with solar energy and more than 10 times over with
wind energy.” Every state in the country has enough so-
lar energy potential to supply all of its electricity needs.**

Transitioning to an economy powered entirely by
clean, renewable fuels will require us to find ways to
tap more of that clean energy potential, to take ad-
vantage of advances in technology, and to integrate
clean energy thoughtfully into our energy system.

Accelerating the Pace of Change

The United States is adding renewable energy at a
record pace. But that pace is not fast enough to elimi-
nate our dependence on fossil fuels by mid-century
- the critical time period for preventing the worst
impacts of global warming.

If the nation were to install as much renewable energy
every year as we did in 2016, by 2050 American would
be producing enough electricity to meet only 57
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Figure 14. Comparison of Renewable
Energy Technical Potential and Current
Consumption (Data: NREL)®*
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percent of today’s electricity demand. That figure does
not account for replacing fossil fuels that we use di-
rectly in our homes, businesses, factories and vehicles.

If America can continue to accelerate its adoption of
renewable energy - as we have over the past de-
cade - the goal of repowering our electricity system,
and eventually our entire economy, begins to come
within view. Between 2009 and 2016, U.S. wind and
solar generation grew at an annual rate of 26 percent.
If generation continues to grow by 15 percent per
year, or slightly more than half of its current growth
rate, wind and solar will produce enough electricity
to meet all of our current electricity needs by 2035.



Technology Is Improving

Recent improvements in technology, and reductions
in cost — along with predictions that those trends
will continue over the coming years — suggest that
America can continue to accelerate its progress to-
ward a clean energy economy.

Modern wind turbines are almost 50 percent taller
and have blades that are more than double the
length of turbines made 15 years ago, enabling the
average wind turbine installed today to have capacity
more than double that of the average wind turbine
installed in the year 2000. In 2007, the highest-
capacity wind turbine in the world was 6 MW, with
only one such test prototype actually in operation.”
Today, an entire wind farm of 8 MW turbines is gener-
ating electricity off the coast of England. According to
DONG Energy, which led the project, a single revolu-

tion of the blades on just one turbine can power a
home for 29 hours.?®

Wind manufacturers already have plans to develop
10 MW prototypes by 2020.° By 2030, experts
suggest that massive 11 MW wind turbines will be
regularly installed offshore, with enormous rotors
with “a swept area more than five times the size of a
football field.”%°

Other developments in offshore wind, like the devel-
opment of floating turbines, could allow the U.S. to
tap into the enormous wind potential off the West
Coast, where the ocean is far too deep to allow the in-
stallation of traditional seafloor-mounted turbines.’”!
Based on data from the National Renewable Energy
Laboratory, the West Coast has the potential to gen-
erate more than 10 times as much electricity from the
wind as it uses in a given year.'??

Figure 15. Average Wind Turbine Size and Capacity Is on the Rise

From 2005 to 2015, average U.S. land-based wind turbine capacity increased from 1.4 MW to 2.0 MW, and is projected
to increase to 3.25 MW by 2030. Similar growth has been observed, and projected, for offshore wind turbines. Credit:

Lawrence Berkeley National Laboratory
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Recent years have also seen rapid progress in solar
energy technology. The average residential solar
panel installed in 2015 was 18 percent more efficient
than those installed just five years earlier.® For utility-
scale solar, efficiency improvements are reducing
costs by allowing developers to purchase less land, or
fewer modules, to achieve desired project capacity;
or to boost the amount of capacity possible on exist-
ing land.’*

Advanced new products are also helping to reduce
energy consumption, and to enable smarter energy
use. Among them are technologies that fall under the
banner of what the American Council for an Energy-
Efficient Economy calls “intelligent efficiency” — a new
category of energy-saving strategies that harness

the power of information technology. Sales of smart
thermostats, which give homeowners more control
over home energy use and have been shown to re-
duce energy used for heating and cooling, grew from
2 million units in 2013 to 5 million units in 2015.1%
Industrial operations are embracing intelligent effi-
ciency.'% In 2015, the U.S. market for industrial energy
management systems — systems that allow monitor-
ing and adjustment of energy use in industrial set-
tings - reached $4.3 billion, an increase of 36 percent
over 2011.%7 Efficiency technologies and advances in
building design, combined with on-site renewable
energy, are enabling the spread of net-zero energy
buildings, which generate more energy than they
consume over the course of a year. A survey by the

Net-Zero Energy Coalition found more than 4,000
net-zero energy buildings in the U.S. and Canada in
2016, a more than 20 percent increase from 2015.1%¢

Improvements in battery technology are enabling
both energy storage, and long-range electric vehi-
cles. For example, the 2015 version of the Tesla Road-
ster has a 400-mile range a 40 percent increase over
the original 2008 model.”® Advances in range are due
both to improved battery technology, and advances
in aerodynamics and rolling resistance.”® Meanwhile,
auto companies continue to invest resources in
improving battery technology; in November 2016,
Toyota announced it had made a breakthrough that
would improve EV range by 15 percent.!" In addition
to reducing reliance on fossil fuels, widespread adop-
tion of electric vehicles would also reduce overall en-
ergy use, because electric vehicles are approximately
three times more efficient at converting energy to
wheel power than gas-powered vehicles."?

Prices Are Falling

Advancing technology and increasing economies
of scale have led to rapidly falling prices for clean
energy technology.

An annual Department of Energy survey of clean en-
ergy prices found that, from 2008 to 2015, the cost of
land-based wind power fell by 41 percent; distributed
PV by 54 percent; utility-scale PV by 64 percent; bat-
teries by 73 percent; and LED bulbs by 94 percent."

Figure 16. Clean Energy Technologies Have Fallen in Price Dramatically since 2008 (DOE Chart)'*
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These and other recent price declines have made
many clean energy technologies price competitive
when compared to conventional fossil-fuel technol-
ogy. Lazard, which conducts an annual levelized cost
of energy survey, now reports that the unsubsidized
cost of utility-scale wind and solar energy have fallen
to levels that are “cost-competitive with conventional
generation technologies under some scenarios.”"

In the United Arab Emirates in 2016, for example, a
record-breaking solar contract was signed promising
to deliver energy for 2.42 cents per kilowatt-hour, or
half the average global cost of coal power.™®

Energy-saving LED light bulbs cost more than $40
apiece as recently as 2010; today, they cost a few dol-
lars at the local hardware store."” A recent analysis
by the Consumer Federation of America found that

a household with 20 light bulbs can expect to save
approximately $1,000 in a decade by switching from
incandescent bulbs to LEDs.""®

As adoption increases and technology improves,
prices are expected to continue to fall. A recent
survey of wind experts by the National Renewable
Energy Laboratory found that the price of wind
power is expected to fall 24-30 percent by 2030 and
35-41 percent by 2050.""° Bloomberg New Energy
Finance predicts that the average utility-scale solar
energy system “will cost 73 cents a watt by 2025,” a
36 percent price drop from today, and that “[b]y 2025,
solar may be cheaper than using coal on average
globally.”"?® A 2016 analysis by McKinsey found that
energy storage “could be $200 per kilowatt-hour in
2020, half today’s price, and $160 per kilowatt-hour or
less in 2025.1%

Putting it All Together

America has virtually limitless potential to produce
energy from the wind and sun, and many oppor-
tunities to curb our energy use. Technological im-
provements and growing markets for clean energy
are making it easier and cheaper to harness that
potential with each passing year. At the same time,
advances such as those in energy storage and electric
vehicles are making it possible for us to put renew-
able energy to use in new ways, accelerating the
transition away from fossil fuels.

It is now possible to envision an energy future for
America in which we rely completely on clean, re-
newable sources of energy - eliminating our depen-
dence on the fossil fuels that contribute to global
warming and on other damaging sources of energy.

With many potential pathways and rapid changes in
technology, it is difficult to foresee the precise path
by which America will achieve 100 percent renewable
energy. Researchers from a wide variety of academic
and governmental institutions have put forward a
variety of scenarios by which America can power all,
or nearly all, of our electricity system — and even our
entire economy — with renewable energy.”> Many
other such scenarios are likely to emerge in the years
to come as technology advances and leading com-
munities, states and nations gain experience with the
transition.

Achieving a future powered by clean, renewable
energy will require bold commitments and equally
bold action. The benefits are immense. The potential
is clear. The time to begin is now.
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Conclusion and Recommendations

merican clean energy is growing at an

incredible pace. Over just nine years - from

2007 to 2016 — America saw solar energy
grow 43-fold, wind energy grow seven-fold, total
energy consumption drop by nearly 4 percent, and
battery-powered electric vehicles and energy storage
emerge as viable new solutions to enable the transi-
tion to renewable energy.

To transition to a clean, renewable energy system by
2050, however, the U.S. must dramatically accelerate
its clean energy progress.

Many public and private institutions have already set
their sights on a 100 percent renewable energy future.
In 2015, Hawaii became the first state in the country to
set a 100 percent renewable energy goal for its elec-
tricity sector, through its renewable energy standard.'®
According to the Sierra Club, 29 cities have commit-
ted to 100 percent renewable energy, and six cities
have already achieved it.* The city of Greensburg,
Kansas, has a wind farm that produces enough energy
to power every single one of its homes, businesses
and municipal buildings.”® The organization RE100
has collected 100 percent renewable energy commit-
ments from 96 companies, including Bank of America,
Google, and Anheuser-Busch InBev.'?
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In order to break our dependence on fossil fuels, and
achieve a renewable energy future, leaders of cities,
states, companies and institutions should:

« Set goals to meet all of their energy needs across
all sectors by 2050.

+ Prioritize energy savings. Conserving energy and
using it more efficiently can ease the transition
from dirty fuels to clean, renewable energy.

« Work to ensure the rapid deployment of renew-
able energy. Policymakers should require utili-
ties to ramp up renewable energy generation
over time, work to make clean energy technolo-
gies accessible to and affordable for consumers,
and encourage adoption of clean energy at all
scales, from small rooftops to large wind and
solar farms.

« Support the development of emerging technolo-
gies critical to the development of a fully renew-
able energy system, including offshore wind
power, smart grid improvements, and electrifica-
tion of heating and transportation.

+ Set limits on carbon and greenhouse gas
emissions that will shift us away from fossil fuels.



Appendix

Table Al. Clean Energy Progress by State (National Rank in Parentheses)

Increase in Electricity

Increase in Increase in Efficiency Savings Number of Increase in
Solar Electricity Wind Electricity (percentage point increase in EVs Sold Energy Storage
Generation, Generation, savings as share of electricity through Capacity
2007 - 2016 (GWh) | 2007 - 2016 (GWh) consumption) 2007 - 2015 March 2017 | 2007 - 2016 (MW)

Alaska 0(50) 163 (35) -0.01 (49) 306 (47) 5(13)
Alabama 35(39) 0 (41) 0.08 (45) 1,311 (34) None
Arkansas 37 (37) 0(41) 0.6 (17) 614 (44) None
Arizona 5,391 (2) 543 (28) 0.78 (7) 8,593 (15) None
California 26,370 (1) 8,113 (7) 0.65(11) 283,593 (1) 159.5 (1)
Colorado 1011 (11) 8,134 (6) 0.61(15) 9,279 (13) None
Connecticut 343 (17) 14 (37) 0.38 (24) 5,657 (20) 0.8 (20)
District of 53 (33) 0(41) 061 (15) N/A None
Delaware 169 (23) 5(39) 0.19 (39) 973 (40) None
Florida 599 (15) 0(41) -0.04 (50) 21,696 (5) None
Georgia 1076 (8) 0(41) 0.23 (36) 26,018 (2) 1(18)
Hawaii 813 (14) 406 (31) 0.32(29) 5,814 (19) 27 (7)
lowa 6(31) 17,293 (3) 0.29 (30) 1,526 (32) None
Idaho 9(35) 2,255 (19) 0.26 (32) 771 (42) None
Illinois 91 (26) 9,963 (5) 1.13 (4) 12,258 (10) 1124 (2)
Indiana 285 (18) 4,903 (12) 0.74 (8) 3,276 (26) 22 (8)
Kansas 49 (34) 12,961 (4) 0.51 (20) 1,329 (33) None
Kentucky 29 (41) 0(41) 0.34(27) 1,106 (36) None
Louisiana 194 (20) 0 (41) 0.08 (44) 959 (41) None
Massachusetts 1943 (6) 237 (34) 1.88(2) 10,040 (11) None
Maryland 912 (13) 527 (29) 1.01 (5) 9,105 (14) 11(11)
Maine 9(41) 1,515 (22) 0.62 (14) 1,277 (35) 16.7 (10)
Michigan 60 (29) 4,690 (13) 1.16 (3) 12,722 (7) None
Minnesota 6 (30) 7,998 (8) 0.47 (23) 4,837 (22) 1.1(17)
Missouri 210(19) 1,123 (26) 0.6 (17) 3,535 (25) 1(18)
Mississippi 5(47) 0(41) 0.28 (31) 326 (46) None
Montana 9 (44) 1,634 (21) 0.38 (25) 656 (43) None
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Table A1 cont’d. Clean Energy Progress by State (National Rank in Parentheses)

Increase in Electricity

Increase in Increase in Efficiency Savings Number of Increase in
Solar Electricity Wind Electricity (percentage point increase in EVs Sold Energy Storage
Generation, Generation, savings as share of electricity through Capacity
2007 - 2016 (GWh) = 2007 - 2016 (GWh) consumption) 2007 - 2015 March 2017 2007 - 2016 (MW)
North Carolina 4,015 (3) 6(38) 0.62 (13) 6,639 (18) None
North Dakota 0(50) 7,459 (9) 0.01 (48) 165 (49) None
Nebraska 8 (45) 3,577 (15) 0.51(20) 981 (39) None
New Hampshire 54 (32) 447 (30) -0.11 (51) 1,613 (31) None
New Jersey 2673 (5) 2 (40) 0.25(34) 12,721 (8) None
New Mexico 976 (12) 2,221 (20) 0.51 (20) 1,089 (37) 2.6 (15)
Nevada 2,853 (4) 344 (32) 0.07 (46) 3,182 (27) None
New York 1,051 (9) 3,112 (16) 0.69 (9) 22,099 (4) 20(9)
Ohio 192 (21) 1,240 (25) 0.9 (6) 6,676 (17) 53(4)
Oklahoma 11 (43) 18,064 (2) 0.32(28) 1,620 (30) None
Oregon 179 (22) 5,916 (10) 0.19(38) 12,421 (9) 5(13)
Pennsylvania 381 (16) 3,002 (17) 0.64 (12) 9,537 (12) 50.4 (5)
Rhode Island 38(36) 33(36) 2.1(1) 989 (38) None
South Carolina 35 (40) 0(41) 0.52(19) 1,833 (28) None
South Dakota 2 (49) 2,995 (18) 0.24 (35) 223 (48) None
Tennessee 150 (25) -12(51) 0.13 (42) 4,082 (23) None
Texas 1,103 (7) 48,544 (1) 0.05 (47) 18,139 (6) 41 (6)
Utah 1,023 (10) 827 (27) 0.35 (26) 3,550 (24) None
Virginia 71 (28) 0(41) 0.25(33) 7,922 (16) None
Vermont 154 (24) 283 (33) 0.21 (37) 1,707 (29) 2(16)
Washington 88(27) 5,604 (11) 0.68 (10) 23,243 (3) 52(12)
Wisconsin 36 (38) 1,411 (23) 0.13 (41) 5,237 (21) None
West Virginia 6 (46) 1,265 (24) 0.19 (39) 439 (45) 65.5 (3)
Wyoming 3(48) 3,608 (14) 0.09 (43) 140 (50) None

29 Rewnewables on the Rise



Table A2. Solar Generation Percentage Change by State'?

Solar Solar Solar Solar

Generation = Generation | Percentage
2007 (GWh) | 2016 (GWh) Change

Generation | Generation | Percentage
2007 (GWh) @ 2016 (GWh) Change

Alabama = 35 N/A Montana 2 11 518%
Alaska - - N/A Nebraska - 8 N/A

Arizona 17 5,408 31,067% Nevada 65 2,918 4,505%
Arkansas - 37 N/A New Hampshire 0.1 54 53,356%
California 1,062 27,432 2,583% New Jersey 73 2,746 3,774%
Colorado 9 1,020 10,837% New Mexico 0.2 976 482,179%
Connecticut 4 347 7,974% New York 16 1,067 6,548%
Delaware 3 172 6,070% North Carolina 1 4,016 440,900%
District of Columbia 1 54 4,104% North Dakota = = N/A

Florida 2 601 28,278% Ohio 1 193 19,070%
Georgia - 1,076 N/A Oklahoma - 11 N/A

Hawaii 8 821 9,893% Oregon 4 183 4,109%
Idaho 0.1 39 38,535% Pennsylvania 2 383 25,229%
lllinois 4 95 2,407% Rhode Island 3 41 1,307%
Indiana - 285 N/A South Carolina 0.1 35 34,583%
lowa - 56 N/A South Dakota - 2 N/A

Kansas = 49 N/A Tennessee 1 151 12,433%
Kentucky - 29 N/A Texas 5 1,108 21,466%
Louisiana - 194 N/A Utah 0.3 1,023 336,933%
Maine - 29 N/A Vermont 1 155 19,144%
Maryland 1 913 180,422% Virginia 0 71 17,538%
Massachusetts 6 1,949 31,061% Washington 1 89 17,588%
Michigan 0 60 59,284% West Virginia = 6 N/A

Minnesota 1 57 6,258% Wisconsin 2 38 2,503%
Mississippi = 5 N/A Wyoming 0.1 3 2,964%
Missouri - 210 N/A United States 1,297 56,221 4,334%
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Table A3. Wind Generation Percentage Change by State'?

Wind Wind Wind Wind
generation = generation | Percentage generation | generation | Percentage
2007 (GWh) | 2016 (GWh) change 2007 (GWh) = 2016 (GWh) change

Alabama - N/A Montana 496 2,130 430%
Alaska 1 164 16,213% Nebraska 217 3,793 1,750%
Arizona = 543 N/A Nevada = 344 N/A

Arkansas - N/A New Hampshire - 447 N/A

California 5,585 13,698 245% New Jersey 20 22 109%
Colorado 1,292 9,425 730% New Mexico 1,393 3,614 259%
Connecticut = 14 N/A New York 833 3,946 473%
Delaware - 5 N/A North Carolina - 6 N/A

District of Columbia - N/A North Dakota 621 8,080 1,302%
Florida - N/A Ohio 15 1,255 8,510%
Georgia - N/A Oklahoma 1,849 19,913 1,077%
Hawaii 238 644 270% Oregon 1,247 7,163 574%
Idaho 172 2,427 1,409% Pennsylvania 470 3,472 739%
lllinois 664 10,627 1,599% Rhode Island - 33 N/A

Indiana = 4,903 N/A South Carolina = = N/A

lowa 2,757 20,049 727% South Dakota 150 3,145 2,096%
Kansas 1,153 14,113 1,225% Tennessee 50 38 76%
Kentucky - N/A Texas 9,006 57,551 639%
Louisiana = N/A Utah - 827 N/A

Maine 99 1,614 1,629% Vermont 11 293 2,792%
Maryland = 527 N/A Virginia = = N/A

Massachusetts - 237 N/A Washington 2,438 8,042 330%
Michigan 3 4,693 172,353% West Virginia 168 1,432 855%
Minnesota 2,639 10,637 403% Wisconsin 109 1,521 1,391%
Mississippi - N/A Wyoming 755 4,363 578%
Missouri - 1,123 N/A United States 34,450 226,872 659%
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Table A4. Wind and Solar Generation as Percentage of State Electricity Consumption by State™*

Wind and Solar Wind and Solar
Generation as Generation as
Total Wind Percentage Total Wind Percentage
and Solar of State Rank and Solar of State Rank
Generation Electricity (Percentage of Generation Electricity (Percentage of
2016 (GWh) | Consumption = Consumption) 2016 (GWh) | Consumption | Consumption)
Alabama 35 0% 50 Nevada 3,262 9% 19
0
Alaska 164 3% 33 ﬁ:x e 501 50 2%
Arizona 5,951 8% 23 P
0
Arkansas 37 0% 48 New Jersey 2,768 4% 30
i 0,
California 41,130 16% 10 New Mexico 4590 20% 6
(o)
Colorado 10,445 19% 7 e s 20115 2t 21
. North
Connecticut 361 1% 39 . 4,022 3% 32
Carolina
Delaware 172 2% 38 North
_ 8,080 45% 1
st s o w Do
Ohio 1,448 1% 42
i 0,
Florida €01 0% 4 Oklahoma 19,924 33% 3
i 1,07 19 4
Georgia 076 & 3 Oregon 7,346 16% 1
. N
Hawai 1,465 16% 12 Pennsylvania 3,855 3% 34
[0)
Idaho 2466 11% 17 Rhode Island 74 1% 41
Illinois 10,722 8% 21
South
. X 35 0% 49
Indiana 5,188 5% 25 Carolina
lowa 20,105 42% 2
° 550‘;”; 3,147 26% 5
Kansas 14,162 17% 9 akota
Kentucky 29 0% 51 Tennessee 189 0% 47
Louisiana 194 0% 46 Texas 58,659 15% 14
Maine 1,643 14% 15 United 283,093 8% 2
States
Maryland 1,440 2% 35
Utah 1,850 6% 24
Massachusetts 2,186 4% 29
Vermont 448 8% 20
Michigan 4,753 5% 27 .
Virginia 1,503 1% 40
Minnesota 10,694 17% 8 i
Washington 8,131 9% 18
Mississippi 5 0% 52 .
West Virginia 1,438 4% 28
Missouri 1,333 2% 37 . .
Wisconsin 1,559 2% 36
Montana 2,141 15% 13 .
Wyoming 4,366 26% 4
Nebraska 3,801 13% 16

Appendix 32



Notes

1 2010 price: Martin LaMonica, “Sylvania 60-Watt
Replacement LED Coming to Lowes,” CNET, 18 November
2010, available at www.cnet.com/news/sylvania-60-watt-
replacement-led-coming-to-lowes/.

2 U.S. Energy Information Administration, May 2017
Monthly Energy Review, 25 May 2017, available at www.eia.
gov/totalenergy/data/monthly/archive/00351705.pdf.

3 Eight-fold growth: U.S. Energy Information Ad-
ministration, May 2017 Monthly Energy Review, 25 May 2017,
available at www.eia.gov/totalenergy/data/monthly/ar-
chive/00351705.pdf; 10 percent in March: U.S. Energy Infor-
mation Administration, Wind And Solar In March Accounted
For 10% of U.S. Electricity Generation For First Time, 14 June
2017, available at www.eia.gov/todayinenergy/detail.
php?id=31632. Because of seasonal wind patterns, spring
months tend to have greater country-wide renewable
electricity production than other months — nevertheless,
the 10 percent mark indicates rapid renewable progress.

4 See note 2.

5 Ibid.
6 Ibid.
7 lbid.
8 Ibid.

9 Electric Drive Transportation Association, Electric
Drive Sales Dashboard, accessed at electricdrive.org/index.
php?ht=d/sp/i/20952/pid/20952 on 8 June 2017.

10 Ibid.

11 Ibid.

33 Rewnewables on the Rise

12 U.S.Energy Information Administration, Prelimi-
nary Monthly Electric Generator Inventory for March 2017,
downloaded from www.eia.gov/electricity/data/eia860m/
on 15 June 2017.

13 See note 2.

14 Auto Alliance, ZEV Sales Dashboard, accessed at
autoalliance.org/energy-environment/zev-sales-dash-
board/ on 30 June 2017.

15  State sales data: Auto Alliance, ZEV Sales Dash-
board, accessed at autoalliance.org/energy-environment/
zev-sales-dashboard/ on 8 June 2017; 10 states with
zero-emission mandate: Dave Guilford, “ZEV mandates get
harder to ignore,” Automotive News, 27 June 2016.

16  Peter Maloney, “Storage Companies File FERC
Complaint Against PJM Regulation Market Rules,” Utility-
Dive, 20 April 2017, available at www.utilitydive.com/news/
storage-companies-file-ferc-complaint-against-pjm-regu-
lation-market-rules/440826/.

17 Paul Donohoo-Vallett et al., U.S. Department
of Energy, Revolution Now, September 2016, avail-
able at www.energy.gov/sites/prod/files/2016/09/f33/
Revolutiona%CC%82%E2%82%ACNow%202016%20Re-
port_2.pdf.

18 Lazard, Levelized Cost of Energy Analysis 10.0, De-
cember 2016, available at www.lazard.com/media/438038/
levelized-cost-of-energy-v100.pdf.

19  National Renewable Energy Laboratory, Survey Re-
veals Projections for Lower Wind Energy Costs, 13 September
2016, available at www.nrel.gov/news/press/2016/37738.



20 Jess Shankleman and Chris Martin, “Solar Could
Beat Coal to Become the Cheapest Power on Earth,”
Bloomberg, 2 January 2017, available at www.bloomberg.
com/news/articles/2017-01-03/for-cheapest-power-on-
earth-look-skyward-as-coal-falls-to-solar.

21 Paul Dvorak, Windpower Engineering and
Development, The World’s Largest Turbine...For Now, 16
June 2009, available at www.windpowerengineering.com/
construction/installation/the-world%E2%80%99s-largest-
turbine%E2%80%A6for-now/.

22 Jamie Condliffe, “The World’s Largest Wind
Turbines Have Started Generating Power in England,”
Technology Review, 19 May 2017, available at https:/www.
technologyreview.com/s/607908/the-worlds-largest-wind-
turbines-have-started-generating-power-in-england/.

23  Galen L. Barbose and Naim R. Darghouth, Law-
rence Berkeley National Laboratory, Tracking the Sun IX,
August 2016, available at emp.lbl.gov/publications/track-
ing-sun-ix-installed-price.

24 Ethan A.Rogers and Eric Junga, American Council
for An Energy-Efficient Economy, Intelligent Efficiency Tech-
nology and Market Assessment, 25 April 2017.

25  Studies detailing high or 100 percent renewable
energy scenarios include:

«  Christian Breyer et al., “On the role of solar pho-
tovoltaics in global energy transition scenarios,”
Progress in Photovoltaics Research and Applications,
DOI: 10.1002/pip.2885, May 2017.

«  Cory Budischak, “Cost-minimized Combinations of
Wind Power, Solar Power and Electrochemical Stor-
age, Powering the Grid up to 99.9% of the Time,”
Journal of Power Sources, 225: 60-74, 1 March 2013.

«  M.M.Hand et al., National Renewable Energy Labora-
tory, Renewable Electricity Futures Study, December 2012.

«  Mark Jacobson et al., “100% Clean and Renew-
able Wind, Water, and Sunlight (WWS) All-sector
Energy Roadmaps for the 50 United States,” Energy
& Environmental Science 2015 8:2093, DOI: 10.1039/
C5EE01283), 27 May 2015.

«  Alexander MacDonald et al., “Future Cost-Com-
petitive Electricity Systems and Their Impact on
U.S. CO2 Emissions,” Nature Climate Change, DOI:
10.1038/nclimate2921, 25 January 2016.

« James H. Williams et al., Energy and Environmental
Economics, Pathways to Deep Decarbonization in
the United States, 16 November 2015.

26  State of Hawaii, Governor Ige Signs Bill Setting
100 Percent Renewable Energy Goal In Power Sector (press
release), 8 June 2015, available at governor.hawaii.gov/
newsroom/press-release-governor-ige-signs-bill-setting-
100-percent-renewable-energy-goal-in-power-sector/.

27  Sierra Club, Is Your City #ReadyFor100?, accessed
at http://www.sierraclub.org/ready-for-100/cities-ready-
for-100 on 13 June 2017.

28 RE100, Companies, accessed at there100.org/com-
panies on 15 June 2017.

29 Christopher Field et al., Intergovernmental Panel
on Climate Change, Summary for policymakers: Climate
Change 2014: Impacts, Adaptation, and Vulnerability; Part A:
Global and Sectoral Aspects, Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp.
1-32, 2014, available at www.ipcc.ch/pdf/assessment-
report/ar5/wg2/ar5_wgll_spm_en.pdf.

30 Cary Funkand Brian Kennedy, Public Opinion On
Renewables And Other Energy Sources, 4 October 2016,
available at www.pewinternet.org/2016/10/04/public-
opinion-on-renewables-and-other-energy-sources/.

31  Gallup, In Depth: Energy, accessed at www.gallup.
com/poll/2167/energy.aspx on 15 June 2017.

32 Demand Institute, The Housing Satisfaction Gap,
2014, available at demandinstitute.org/demandwp/wp-
content/uploads/2014/12/top-10-housing-desires.pdf.

33 Renée M. Nault, Argonne National Laboratory, Basic
Research Needs For Solar Energy Utilization, September 2005,
available at authors.library.caltech.edu/8599/1/SEU_rpt05.pdf.

34 Seenote 2.

Notes 34



35 Julia Pyper, “The US Solar Market Is Now 1 Million
Installations Strong,” Greentech Media, 21 April 2016, avail-
able at www.greentechmedia.com/articles/read/The-U.S.-
Solar-Market-Now-One-Million-Installations-Strong.

36 U.S.Energy Information Administration, Electricity
Data Browser, accessed at www.eia.gov/electricity/data/
browser/ on 15 June 2017.

37 Ibid.

38 National Renewable Energy Laboratory, Concen-
trating Solar Power Projects, project list downloaded from
www.nrel.gov/csp/solarpaces/index.cfm on 8 June 2017.

39 Based on 2009 average water heating energy use
of 16 million BTUs. U.S. Energy Information Administration,
2009 RECS Survey Data - Table CE3.1 Household Site End-Use
Consumption in the U.S., Totals and Averages, downloaded
from www.eia.gov/consumption/residential/data/2009/
index.php?view=consumption on 15 June 2017.

40 The Solar Foundation, National Solar Jobs Census
2016, February 2017, available at www.solarjobcensus.org.

41  See note 2.

42  Lindsey Hallock, Frontier Group and Michelle
Kinman, Environment California Research & Policy Cen-
ter, California’s Solar Success Story, April 2015, available at
http://www.environmentcalifornia.org/reports/cae/califor-
nias-solar-success-story.

43  Gideon Weissman, Frontier Group and Bret Fan-
shaw and Rob Sargent, Environment America Research &
Policy Center, Lighting the Way: The Top States that Helped
Drive America’s Solar Energy Boom in 2015, July 2016.

44 2007 solar: U.S. Energy Information Administration,
State Energy Data System 2015 update, downloaded from
https://www.eia.gov/state/seds/ on 15 June 2017; 2007 solar
generation for each state was calculated by subtracting
solar thermal energy production from total solar energy
production, and converting from BBTUs to GWh using a fac-
tor of 9.88 BTUs per Wh (the 2007 EIA heat rate for noncom-
bustible renewable energy). 2016 solar: See note 36.

35 Rewnewables on the Rise

45 See note 36.
46 lbid.

47  Krysti Shallenberger, “First US Offshore Wind
Farm Fires Up The Turbines,” UtilityDive, 14 December
2016.

48 Robert Walton, “Massachusetts Launches 400 MW
Offshore Wind Solicitation,” UtilityDive, 5 July 2017.

49 Kevin Steinberger, Natural Resources Defense
Council, Engine Of Growth: The Extensions Of Renewable
Energy Tax Credits Will Power Huge Gains In The Clean Energy
Economy, March 2017, available at www.nrdc.org/sites/de-
fault/files/engine-growth-renewable-energy-tax-credits-
report.pdf.

50 See note 36.

51  Chris Martin, “For the First Time, Wind on the
Plains Supplied More Than Half Region’s Power,” Bloom-
berg, 13 February 2017, available at www.bloomberg.com/
news/articles/2017-02-13/wind-on-the-plains-supplied-
more-than-half-region-s-power-needs.

52 Jim Malewitz, “$7 Billion Wind Power Project
Nears Finish,” The Texas Tribune, 14 October 2013, available
at https://www.texastribune.org/2013/10/14/7-billion-crez-
project-nears-finish-aiding-wind-po/.

53 See note 36.

54 U.S. Energy Information Administration, Annual
Energy Review 2011, available at https://www.eia.gov/to-
talenergy/data/annual/pdf/sec2.pdf.

55 See note 2.
56 Ibid.

57 U.S.Environmental Protection Agency, Light-
Duty Automotive Technology, Carbon Dioxide Emissions,
and Fuel Economy Trends: 1975 Through 2016, November
2016, available at https://www.epa.gov/sites/production/
files/2016-11/documents/420r16010.pdf.

58 Ibid.



59  Weston Berg et al., American Council for an
Energy-Efficient Economy, The 2016 State Energy Efficiency
Scorecard, September 2016.

60 EISA: Lowell Ungar, American Council For An
Energy-Efficient Economy, How A Bill Signed By Bush And
Implemented By Obama Is Saving Consumers Billions, 29
October 2015, available at aceee.org/blog/2015/10/how-
bill-signed-bush-and-implemented; state policies: Mary
Yamada and Kelsey Stober, U.S. Department of Energy,
Adoption of Light-Emitting Diodes in Common Lighting Ap-
plications, July 2015, available at energy.gov/sites/prod/
files/2015/07/f24/led-adoption-report_2015.pdf.

61 U.S. Energy Information Administration, LED Bulb
Efficiency Expected To Continue Improving As Cost Declines,
19 March 2014, available at https://www.eia.gov/today-
inenergy/detail.php?id=15471.

62 Mary Yamada and Kelsey Stober, U.S. Department
of Energy, Adoption of Light-Emitting Diodes in Common
Lighting Applications, July 2015, available at energy.gov/
sites/prod/files/2015/07/f24/led-adoption-report_2015.
pdf; home total energy use: U.S. Energy Information Ad-
ministration, 2009 RECS Survey Data - Table CE3.1 Household
Site End-Use Consumption in the U.S., Totals and Averages,
downloaded from www.eia.gov/consumption/residential/
data/2009/index.php?view=consumption on 15 June 2017.

63 U.S. Energy Information Administration, How
Much Energy Is Consumed In U.S. Residential And Commercial
Buildings?, 10 May 2017, available at www.eia.gov/tools/
faqs/faq.php?id=86&t=1.

64 Sara Hayes et al., American Council for an Energy-
Efficient Economy, The Role of Building Energy Codes in the
Clean Power Plan, January 2015, available at http://aceee.
org/sites/default/files/building-codes-111d-1-22-15.pdf.

65 Steven Nadel, American Council for an Energy-
Efficient Economy, Which Energy Efficiency Policies Saved
The Most Last Year?, 28 July 2015, archived at web.archive.
org/web/20170620222358/http://aceee.org/blog/2015/07/
which-energy-efficiency-policies.

66 2007: Maggie Eldridge et al., American Council
For An Energy-Efficient Economy, The 2009 State Energy Ef-
ficiency Scorecard, October 2009; 2015: Weston Berg et al.,
American Council For An Energy-Efficient Economy, The
2016 State Energy Efficiency Scorecard, September 2016.

67  American Council for An Energy-Efficient Econo-
my, Rhode Island Scorecard, accessed at database.aceee.
org/state/rhode-island on 15 June 2017.

68 The Regional Greenhouse Gas Initiative, The
Investment of RGGI Proceeds Through 2014, September 2016,
available at www.rggi.org/docs/ProceedsReport/RGGI_
Proceeds_Report_2014.pdf.

69 See note 59.
70 See note 66.

71 Auto Alliance, ZEV Sales Dashboard, accessed at
autoalliance.org/energy-environment/zev-sales-dash-
board/ on 30 June 2017.

72 Alternative Fuels Data Center, U.S. Plug-in Electric
Vehicle Sales by Model, downloaded from https://www.
afdc.energy.gov/data/ on 15 June 2017.

73  Seenote9.
74 Ibid.

75  Ibid.

76  See note 14.
77  See note 15.

78 Robert Walton, “Georgia Electric Vehicle Sales
Shrink 80% In Wake Of Tax Credit Repeal,” UtilityDive, 17
January 2017, available at www.utilitydive.com/news/
georgia-electric-vehicle-sales-shrink-80-in-wake-of-tax-
credit-repeal/434092/.

79 See note 14

80 U.S. Alternative Fuels Data Center, Alternative Fuel
Stations Download, downloaded from https://www.afdc.
energy.gov/data_download on 5 July 2017.

Notes 36



81  Cory Budischak, “Cost-minimized Combinations
of Wind Power, Solar Power and Electrochemical Storage,
Powering the Grid up to 99.9% of the Time,” Journal of
Power Sources, 225: 60-74, 1 March 2013.

82 Seenote 12.
83 Ibid.

84 Brett Simon, GTM Research, The Behind-the-Meter
Energy Storage Landscape 2016-2021, December 2016, avail-
able at www.greentechmedia.com/research/report/the-
behind-the-meter-energy-storage-landscape-2016-2021.

85  Mike Munsell, “US Energy Storage Market Grew
243% in 2015, Largest Year on Record,” Greentech Media,
https://www.greentechmedia.com/articles/read/us-
energy-storage-market-grew-243-in-2015-largest-year-on-
record

86 Seenote 12.

87 Peter Maloney, “Storage Companies File FERC
Complaint Against PJM Regulation Market Rules,” Utili-
tyDive, 20 April 2007, available at http:/www.utilitydive.
com/news/storage-companies-file-ferc-complaint-against-
pjm-regulation-market-rules/440826/.

88 Julia Pyper, Tesla, Greensmith, AES Deploy Aliso
Canyon Battery Storage in Record Time, Greentech Media,
31 January 2017, available at www.greentechmedia.com/
articles/read/aliso-canyon-emergency-batteries-officially-
up-and-running-from-tesla-green.

89 U.S. Energy Information Administration, Wind And
Solar In March Accounted For 10% of U.S. Electricity Genera-
tion For First Time, 14 June 2017, available at www.eia.gov/
todayinenergy/detail.php?id=31632.

90 Ibid.
91 See note 36.

92 Ibid.

37 Rewnewables on the Rise

93 Travis Madsen and Rob Sargent, Environment
America Research & Policy Center; Tony Dutzik, Gideon
Weissman, Kim Norman and Alana Miller, Frontier Group,
We Have the Power, Spring 2016, available at frontiergroup.
org/sites/default/files/reports/EA_100percent_RE_
scrn%20R.pdf.

94 Ibid.
95 Ibid.

96 Ryan H. Wiser and Mark Bolinger, Lawrence
Berkeley National Laboratory, Wind Technologies Market
Report 2015, August 2016, available at https://emp.lbl.gov/
publications/2015-wind-technologies-market-report.

97 See note 21.
98 See note 22.

99 Ryan Wiser, Maureen Hand, Joachim Seel, and
Bentham Paulos, Lawrence Berkeley National Laboratory,
The Future of Wind Energy, Part 3: Reducing Wind Energy
Costs through Increased Turbine Size: Is the Sky the Limit?, 1
November 2016, available at https://emp.Ibl.gov/news/
future-wind-energy-part-3-reducing-wind.

100 Ibid.

101 Rob Nikolewski, “California Tries To Capture
Offshore Wind Energy,” San Diego Union-Tribune, 16 June
2016, sandiegouniontribune.com/sdut-offshore-floating-
wind-2016jun16-story.html.

102 Anthony Lopez et al., National Renewable Energy
Laboratory, U.S. Renewable Energy Technical Potentials: A
GIS-Based Analysis, July 2012.

103 See note 23.

104 Mark Bolinger and Joachim Seel, Lawrence Berke-
ley National Laboratory, Utility-Scale Solar 2015, August
2016, available at https://emp.Ibl.gov/sites/default/files/
Ibnl-1006037_report.pdf.



105 Study showing reduced energy use: Nest Labs,
Energy Savings from the Nest Learning Thermostat: Energy
Bill Analysis Results, February 2015, available at nest.com/
downloads/press/documents/energy-savings-white-paper.
pdf; sales growth: Ethan A. Rogers and Eric Junga, American
Council for An Energy-Efficient Economy, Intelligent Efficien-
cy Technology and Market Assessment, 25 April 2017.

106 Ethan A.Rogers and Eric Junga, American Council
for An Energy-Efficient Economy, Intelligent Efficiency Tech-
nology and Market Assessment, 25 April 2017.

107 Advanced Enenrgy Economy, Advanced Energy Now
2016 Market Report, March 2016, available at info.aee.net/
hubfs/PDF/AEN-2016-Market-Report.pdf?t=1497543038912.

108 Net-Zero Energy Coaltion, To Zero And Beyond:
Zero Energy Residential Buildings Study, June 2017, avail-
able at netzeroenergycoalition.com/wp-content/
uploads/2017/06/2017-06-14_NetZeroEnergy17001_zero-
energy-homes-booklet_a01_fnl_screen-1.pdf.

109 Kirsten Korosec, “Tesla Roadster now has a
400-mile range - for a price,” Fortune, 1 September 2015,
available at http://fortune.com/2015/09/01/tesla-roadster-
battery-upgrade/.

110 Ibid.

11 Andrew Krok,” Toyota’s Battery ‘Breakthrough’ Can
Lead To More Range, Longer Life,” CNET, 25 November 2016.

112 U.S. Department of Energy, All Electric Vehicles, ac-
cessed at https://www.fueleconomy.gov/feg/evtech.shtml
on 15 June 2017.

113 See note 16.
114 Ibid.

115 See note 18.
116 See note 20.

117 2010 price: Martin LaMonica, “Sylvania 60-Watt
Replacement Led Coming To Lowes,” CNET, 18 November
2010, available at www.cnet.com/news/sylvania-60-watt-
replacement-led-coming-to-lowes/.

118 Mark Cooper and Mel Hall-Crawford, Con-
sumer Federation of America, Incandescent and Halogen
Light Bulbs Cost Four to Five Times As Much Over Time As
Do New LED Light Bulbs, archived at web.archive.org/
web/20170621152435/http://consumerfed.org/press_re-
lease/incandescent-halogen-light-bulbs-cost-four-five-
times-much-time-new-led-light-bulbs/.

119 National Renewable Energy Laboratory, Survey Re-
veals Projections for Lower Wind Energy Costs, 13 September
2016, available at www.nrel.gov/news/press/2016/37738.

120 See note 20.

121 Paolo D’Aprile, John Newman, and Dickon Pinner,
McKinsey & Company, The New Economics of Energy Stor-
age, August 2016, available at www.mckinsey.com/busi-
ness-functions/sustainability-and-resource-productivity/
our-insights/the-new-economics-of-energy-storage.

122 See note 25.
123 See note 26.
124 See note 27.

125 U.S. Department of Energy, Greensburg, Kansas
Wind Farm, accessed at www.energy.gov/eere/about-us/
wind-farm on 15 June 2015.

126 See note 28.
127 See note 44.
128 See note 36.
129 See note 66.
130 See note 14.
131 See note 12.
132 See note 44.
133 See note 36.

134 Ibid.

Notes 38



