
Renewables on the Rise 2021
The rapid growth of renewables, electric vehicles and 
other building blocks of a clean energy future



Written by:

Sarah Nick and Tony Dutzik, Frontier Group 

Emma Searson, Environment America Research & Policy Center

Renewables on the Rise 2021
The rapid growth of renewables, electric vehicles 
and other building blocks of a clean energy future

November 2021



Acknowledgments

Environment America Research & Policy Center sincerely thanks Chris Harto, Senior Transportation Policy 
Analyst at Consumer Reports; Bill Holland, Senior Director of State Policy and Advocacy for the League of Con-
servation Voters; Steve Nadel, Executive Director of the American Council for an Energy-Efficient Economy; and 
John Rogers, Senior Energy Analyst at the Union of Concerned Scientists for their review of drafts of this docu-
ment, as well as their insights and suggestions. Thanks also to Jamie Friedman, formerly of Frontier Group, for her 
significant contributions to this analysis, and to Susan Rakov, Bryn Huxley-Reicher, Adrian Pforzheimer and James 
Horrox of Frontier Group for their contributions and editorial support. Environment America Research & Policy 
Center thanks all those who provided funding to make this project possible.

The authors bear responsibility for any factual errors. The recommendations are those of Environment America 
Research & Policy Center. The views expressed in this report are those of the authors and do not necessarily 
reflect the views of our funders or those who provided review. 

 2021 Environment America Research & Policy Center

Environment America Research & Policy Center is a 501(c)(3) organization. We are dedicated to protecting our air, 
water and open spaces. We investigate problems, craft solutions, educate the public and decision-makers, and help 
the public make their voices heard in local, state and national debates over the quality of our environment and our 
lives. For more information about Environment America Research & Policy Center or for additional copies of this 
report, please visit www.environmentamericacenter.org.

Frontier Group provides information and ideas to build a healthier, more sustainable America. We focus on prob-
lems that arise from our nation’s material and technological wealth – the problems of abundance. We deliver timely 
research and analysis that is accessible to the public, applying insights gleaned from diverse fields of knowledge to 
arrive at new paths forward. For more information about Frontier Group, please visit www.frontiergroup.org.

Layout: Alec Meltzer/meltzerdesign.net

Cover photo: Wind farm in eastern Washington state, Gareth Janzen, via Shutterstock.com



Table of contents

Executive summary  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4

Clean energy technologies are booming across America   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5

Solar energy has grown 23-fold since 2011   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5

Wind energy has nearly tripled since 2011  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8

America continues to become more energy efficient  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 11

More than 2 million plug-in electric vehicles have been sold   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16

Battery energy storage has grown 18-fold since 2011   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 18

The U .S . can and must accelerate clean energy progress   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22

Accelerating the pace of change   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22

Technology is improving   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22

Prices are falling  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 24

Conclusion and recommendations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 25

Appendix: Detailed state data  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 27

Notes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 35



1       Renewables on the Rise 2021

Executive summary

Clean energy is sweeping across America and is 
poised for more dramatic growth in the coming 
years. 

Wind turbines and solar panels made up a tiny fraction 
of our energy infrastructure 10 years ago. Today, they 
are everyday parts of America’s energy landscape. The 
number of homes heated with clean, efficient electric 
heat pumps increased by 28% in a decade from 2005 to 
2015.1 Just a few years ago, electric vehicles seemed a far-
off solution to decarbonize our transportation system. 
Now, they have broken through to the mass market. 

Virtually every day, there are new developments that 
increase our ability to produce renewable energy, apply it 
to a wider range of energy needs, and reduce our overall 
energy use. These developments enable us to envision an 
economy powered entirely by clean, renewable energy. 

In 2020, America produced almost four times as much 
renewable electricity from the sun and the wind as 
in 2011, with wind and solar producing 11% of our 
nation’s electricity in 2020, up from 3% in 2011.2

Between 2011 and 2020, U.S. wind, solar and geother-
mal generation grew at an annual rate of 15%.3 If those 
forms of renewable generation were to continue to grow 
by 15% per year, wind, solar and geothermal would 
produce enough electricity to meet all of our current 
electricity needs by 2035.4

The last decade has proven that clean energy can power 
American homes, businesses and industry, and has put 
America on the cusp of a dramatic shift away from pol-
luting energy sources. With renewable energy prices fall-

ing and new energy-saving technologies being developed 
every day, businesses, cities, states, and the nation 
should work to obtain 100% 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 over 23 times as much 
solar power as it did in 2011, enough to power more 
than 12 million average American homes.6 In 2011, 
solar rooftops and utility-scale solar power plants pro-
duced 0.14% of U.S. electricity; in 2020, they produced 
2.3% of America’s electricity. In 2019, the 2 millionth 
solar PV system was installed, and an additional mil-
lion installations quickly followed by summer 2021.7 

• Wind energy: America has nearly tripled the amount 
of wind power it produces since 2011, enough to 
power over 31 million homes.8 In 2011, wind turbines 
produced 3% of the nation’s electricity; in 2020, they 
produced 8.4% of America’s electricity.9

• Energy efficiency: Electric efficiency programs 
across the U.S. saved over 17% more energy in 2019 
than in 2011, as states ramped up their investments 
in efficiency. In 2019, these programs saved enough 
electricity to power more than 2.5 million homes.10

• Electric vehicles: In 2011, just over 16,000 battery and 
plug-in hybrid electric vehicles were sold in the U.S. 
As of December 2020, cumulative sales had grown 
100-fold to nearly 1.7 million vehicles.11 By mid-2021, 
plug-in electric vehicle sales had surpassed 2 million.12
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• Battery storage: In 2020, the U.S. had over 1.7 GW 
of battery storage capacity. America’s battery storage 
capacity grew more than 18-fold from 2011 to 2020 
and grew by 67% in 2020 alone.13 

• Heat pumps: The efficiency of heat pumps has 
improved to the point where they are now an 
attractive and realistic option for homes across the 
country. In 2015, 12% of all U.S. homes with heat 
used heat pumps, up from just 8% a decade earlier.14 
Shipments of efficient air-source heat pumps from 
U.S. manufacturers nearly doubled between 2011 
and 2020, increasing by 10% in 2020 alone.15 

The recent growth in renewable energy across Amer-
ica is due in part to strong and supportive public 
policies. To accelerate the transition to clean energy, 
cities, states and the federal government should:

• Set ambitious targets for renewable energy, following 
the example of the nine states and nearly 200 cities 
and towns that have committed to getting 100% of 
their electricity from clean or renewable sources of 
energy within the next several decades.16 In addition, 
governments should set specific targets for deploy-
ment of key clean energy technologies, such as solar 
power, offshore wind energy and energy storage. 

Figure ES-1. Growth in clean energy technologies5
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• Establish strong incentives for renewable energy 
adoption, including extension of federal tax credits 
that have helped to fuel the growth of renewable 
energy over the last decade and local and state clean 
energy incentives. Policy-makers should expand and 
improve existing clean energy incentives to make 
them easier to use and to ensure that they deliver 
benefits to everyone wanting to participate in the 
drive toward a clean energy future. 

• Ensure that utility policies fully and fairly compen-
sate investors in clean energy technology for the 
benefits they bring to the environment, society and 
the electric system through mechanisms such as net 
metering for rooftop solar systems, and adopt policies 
for permitting and interconnection that make adop-
tion of clean energy technologies easy and hassle-free.  

• Encourage the transition to electric vehicles and 
electric buildings through strong clean cars stan-

dards, local commitments to transition to electric 
transit and school buses, and policies to support 
fuel-switching in residential and commercial build-
ings from gas and oil to electricity. 

• Support the integration of technologies and prac-
tices that will enable America to take full advan-
tage of its renewable energy potential, including 
the integration of energy storage into the grid, the 
development of resilient local microgrids powered 
by renewable energy, and the appropriate expansion 
of transmission infrastructure to allow for the trans-
port of renewable energy from the places where it is 
abundant to the places where it is needed.

• Encourage continued steady progress on energy 
efficiency by continuing and expanding local, state, 
utility and federal programs and policies, including 
utility energy efficiency programs, building energy 
codes, and appliance efficiency standards. 
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Introduction

Imagine a world powered by clean, renewable 
energy. 

A world without the threat of oil spills in our ocean 
waters, without the specter of precious Arctic wilderness 
being destroyed forever to provide the world with a few 
months of oil, without leak-prone oil pipelines travers-
ing natural lands and critical waterways, and without 
the air pollution from vehicle tailpipes that puts the 
health and lives of millions of Americans at risk. 

A world in which mountaintops aren’t removed to 
access the coal beneath, abandoned coal mines don’t 
leak acid into our waterways, coal ash ponds at power 
plants don’t pose an imminent threat of destruction 
to the wildlife in our rivers and streams, and the flow 
of soot into our skies from power plant smokestacks 
disappears. 

A world in which our homes are no longer dependent 
for heat upon leaky gas delivery systems, the combus-
tion of gas for cooking doesn’t jeopardize our health, 
and fracking does not put the health of our communi-
ties and the water they drink at risk.

And a world in which the United States taps our abun-
dant clean energy resources to lead the globe in elimi-
nating the carbon pollution that threatens the future of 
our children and grandchildren. 

That world is not here yet. Far from it. But the outlines 
of it can be seen in the extraordinary progress the United 
States has made in the last decade in renewable energy. 

Solar panels and wind turbines, electric vehicles and 
electric heat pumps, energy storage systems and LED 
light bulbs – all of them were uncommon, even exotic, 
technologies in recent memory, but are becoming 
increasingly common features of everyday life. While 
fossil fuels still dominate America’s energy system, it is 
now possible for more and more Americans to envision 
a future in which most of the daily tasks of life can be 
powered with clean, renewable energy. 

The growth of renewable energy in the United States is 
inspiring, but it is no accident. It is built on the foun-
dation of decades of research and strong public policies 
that have helped to bring exciting clean energy technol-
ogies out of the lab and into our communities.

This report describes the dramatic growth of renewable 
energy and clean energy technologies across America 
– a shift that has touched every corner of America. Yet 
there remains much work to be done to convert the 
promise of renewable energy into the cleaner, healthier 
and more sustainable future we now know is possible. 

It is time for America to redouble its commitment to a 
clean energy future – and adopt the public policies that 
can make it a reality.  
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Clean energy technologies are 
booming across America

In the last 10 years, the U.S. has made rapid prog-
ress toward repowering our economy with clean, 
renewable energy.

Ten years ago, key clean energy technologies were lim-
ited to niche markets and only just beginning to gain 
momentum. Today, the rapid adoption of wind and solar 
power and energy efficiency technologies – along with the 
emergence of electric vehicles and energy storage – pro-
vides a glimpse of what is possible in the transition to an 
economy powered entirely with clean, renewable energy.

Solar energy has grown 23-fold since 2011
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.17

Despite its abundance, tapping into solar energy for 
electricity was difficult and prohibitively expensive for 
most people until the early part of the 21st century. By 
2011, years of intensive research, along with pioneering 
pro-solar policies adopted by states such as California 
and New Jersey, had begun to pave the way for increased 
adoption of solar energy. In 2011, solar energy accounted 
for 0.14% of America’s electricity, or enough to power 
nearly 530,000 of today’s average American homes.18

The pace of solar adoption in the U.S. has been accel-
erating. In 2016, the U.S. saw its millionth solar panel 
installation; the 2 millionth installation came just 
three years later, in 2019.19 In 2021, the U.S. passed the 
benchmark of 3 million solar panel installations.20

What is clean, renewable energy?
Not all renewable energy sources have equal 
benefits 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 lit-
tle to no global warming pollution or 
health-threatening pollution;

• Inexhaustible, coming from natural sources 
that are regenerative or practically unlim-
ited. 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. Energy effi-
ciency technologies also count as “clean energy” 
– delivering continuous environmental benefit at 
limited to no environmental cost. 
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In 2020, solar power generated 2.3% of America’s 
electricity, over 23 times as much as in 2011, and a 24% 
increase from 2019.21 Solar power provided enough 
electricity to power over 12.4 million homes, or more 
electricity than was produced by power plants in all of 
New England that year.22 

Solar energy is growing both in small-scale residential 
installations and in utility-scale plants. Small-scale solar 
grew over 10-fold from 2011 to 2020, and utility-scale 
solar grew 50-fold in the same period.23 America is pro-
jected to add 15.4 GW of new utility-scale solar power 
by the end of 2021, accounting for 39% of the nation’s 
new electricity generating capacity. That is an increase 
of 28% compared with the nearly 12 GW of new utili-
ty-scale capacity installed in 2020.24 

California has the largest market for solar power in the 
country, and has been a long-time model of renewable 
energy adoption.25 California’s installed solar capacity 
provides almost a quarter of the state’s electricity, enough 
to power over 4.5 million typical American homes.26 
The Million Solar Roofs Initiative, adopted in 2006 and 
largely completed a decade later, was a major driving 
force for accelerating solar growth in the first half of the 
decade, growing California’s solar capacity more than 
12-fold.27 California has also adopted policies to ensure 

that homeowners and businesses investing in solar power 
are fully compensated for the benefits they deliver to the 
environment, society and the grid. Among those policies 
is “net metering,” which has played an important role in 
supporting the growth of solar power in the territories of 
the state’s three major investor-owned utilities.28 Cali-
fornia has also committed to further growth in solar by 
adopting a requirement stating that all new homes built 
in California must have solar.29 

Texas is expected to experience a solar boom in upcom-
ing years. In 2020, Texas installed 2.5 GW of solar 
capacity, and is expected to install another 10 GW by 
2023.30 The growth in utility-scale solar power in states 
like Texas, as well as Arizona, Nevada and other sunny 
states, is driven in part by the rapidly declining cost of 
solar power, as well as policies both incentivizing and 
requiring solar production.31 

Many of the states with the most rapid solar energy 
growth – including Massachusetts and New Jersey – 
have also benefited from a suite of strong solar policies. 
Solar carve-outs in renewable electricity standards set 
solar energy adoption requirements, and policies such 
as net metering ensure that solar PV system owners are 
appropriately compensated for the energy they supply to 
the grid.32 

TABLE 1: TOP STATES FOR SOLAR ELECTRICITY GROWTH, 2011 TO 202034

State Solar electricity net generation (GWh) Growth from 2011-2020 (GWh) Rank by increase
2011 2020

California 2,635 48,012 45,377 1

Texas 77 9,519 9,442 2

North Carolina 35 9,293 9,258 3

Arizona 477 8,922 8,445 4

Florida 160 7,677 7,517 5

Nevada 341 6,142 5,801 6

Georgia 25 4,230 4,205 7

Massachusetts 82 3,905 3,823 8

New Jersey 644 4,117 3,473 9

New York 97 3,422 3,325 10
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Figure 1: Solar electricity generation grew more than 23-fold from 2011 to 202033

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

So
lar

 el
ec

tri
cit

y g
en

er
ati

on
 (G

W
h)

Figure 2: Solar energy production, top states, 2011-202035
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Wind energy has nearly tripled since 2011
Like sunlight, wind is abundant and emission-free, and 
wind energy has experienced dramatic growth over the 
last decade.

Wind power is not a new concept. People have used 
windmills to do work for more than 1,000 years, and the 
first electricity-generating wind turbine was built in the 
late 19th century. By 2011, wind energy generation was 
gaining momentum, producing 3% of America’s energy 
that year, enough to power over 11 million homes.37

The last decade has seen dramatic growth in wind energy. 
From 2011 to 2020, American wind generation nearly tri-
pled.38 In 2020, wind produced 8.4% of America’s electric-
ity, enough to power over 31.6 million homes.39

The past decade also saw the construction of America’s 
first offshore wind farm, the 30 MW Block Island Wind 
Farm off the coast of Rhode Island, which began oper-
ation in 2016.40 More recently, in 2021, Vineyard Wind 
received approval to build an 800 MW wind farm off 
the coast of Massachusetts.41 The project will include 62 
GE Haliade-X turbines, among the largest-capacity off-

shore turbines worldwide.42 A number of other offshore 
projects are planned for later years.43 

The United States has the technical potential to 
produce more than 7,200 terawatt-hours (TWh) of 
electricity from offshore wind, which is almost two 
times the amount of electricity the U.S. consumed in 
2019 and about 90% of the amount of electricity the 
nation would consume in 2050 if we transitioned our 
buildings, transportation system and industry to run 
on electricity instead of fossil fuels.44 The Department 
of Energy has set a goal of 30 GW of offshore wind 
power in operation by 2030, significantly more than the 
current 42 MW capacity.45 With an ambitious goal in 
place, upcoming projects in the pipeline, and growth in 
the domestic supply chain, the U.S. is poised to soon 
become a major producer of offshore wind turbines and 
of power from offshore wind.46 

Midwest and Southwest states have led the nation in 
growth of wind energy. From 2011 to 2020, Texas, 
Oklahoma and Iowa were the leading states in additions 
of wind power. Wind generation more than tripled in 
Texas and Iowa, and quintupled in Oklahoma.47 

Figure 3: America’s top states for growth in solar energy production since 201136 
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Texas dominates wind energy generation in the U.S., 
producing a quarter of the nation’s wind energy, the 
equivalent of nearly 21% of all electricity sold in Texas 
in 2019.48 Texas’ wind energy growth was initially 
triggered by the renewable electricity standard it estab-
lished in 1999, and more recent growth was enhanced 

by a $7 billion investment in the state grid, completed 
in 2013, which allowed for the transmission of wind 
energy from the state’s windiest regions to its biggest 
cities.49 Texas also benefits from tax exemptions and 
deductions for wind energy-generating properties and 
businesses.50  

Figure 4: U.S. wind energy production nearly tripled from 2011 to 202051

TABLE 2: STATES WITH MOST ADDITIONAL WIND GENERATION, 2011 VS . 2020 (GWH)52

State Net wind electricity generation (GWh) Growth from 2011-2020 (GWh) Rank by increase
2011 2020

Texas 30,548 92,989 62,441 1

Oklahoma 5,605 29,572 23,967 2

Iowa 10,709 34,149 23,440 3

Kansas 3,720 23,513 19,793 4

Illinois 6,213 17,111 10,898 5

North Dakota 5,236 13,183 7,947 6

Nebraska 1,051 8,710 7,659 7

Colorado 5,200 12,727 7,527 8

Michigan 456 6,759 6,303 9

California 7,752 13,645 5,893 10
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Figure 5: Wind energy production, top states for wind energy growth, 2011-202053

Figure 6: America’s top states for wind energy growth since 201154 
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America continues to become more 
energy efficient
The task of moving to 100% clean, renewable energy 
can be made dramatically cheaper and easier by reduc-
ing the amount of energy wasted in inefficient build-
ings, cars and equipment.

Between 1950 and 2007, total energy use in the United 
States nearly tripled. Since then, however, energy use in 

the United States has stayed roughly the same, despite a 
growing population and economy. On a per capita basis, 
energy consumption in the U.S. fell nearly 2% from 
2011 to 2019.58 America experienced a sharper decline 
in energy use – of 7% – between 2019 and 2020 as the 
nation experienced widespread shutdowns and disrup-
tions due to the COVID-19 pandemic.59 In 2020, pri-
mary energy consumption in the U.S. was 282 million 
Btu per capita – the lowest consumption since 1965.60

Three states now produce wind and solar power equivalent to 50% of 
the electricity they consume
With falling energy use and expanding wind and 
solar generation, renewable energy now accounts 
for a significant percentage of U.S. electricity use. 
In 2020, wind and solar power produced 11% of all 
U.S. electricity generation.55 In 2020, 16 states gen-

erated wind and solar energy equivalent to at least 
20% of the electricity they consumed.56 Three states 
– Iowa, North Dakota and Kansas – generated wind 
and solar power equivalent to at least half of their 
electricity needs. 

TABLE 3: TOP 10 STATES BY WIND AND SOLAR GENERATION AS PERCENTAGE OF 
ELECTRICITY CONSUMPTION57

State Wind and solar 
generation (GWh)

Retail electricity 
sales (GWh)

Wind and solar generation 
as % of electricity sales

Rank, by 
percentage

Iowa 34,384 49,805 69 .0% 1

North Dakota 13,184 21,377 61 .7% 2

Kansas 23,620 38,425 61 .5% 3

Oklahoma 29,669 61,790 48 .0% 4

South Dakota 5,608 12,498 44 .9% 5

New Mexico 9,257 25,179 36 .8% 6

Wyoming 5,321 15,330 34 .7% 7

Nebraska 8,792 30,244 29 .1% 8

Hawaii 2,321 8,713 26 .6% 9

Colorado 14,947 56,375 26 .5% 10
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Will 2020 spark new energy-saving trends? 
In 2020, the world was struck by the COVID-19 
pandemic, leading to business shutdowns, stay-at-
home orders, and a severe economic slump. Energy 
consumption declined dramatically. Some energy 
savings improvements over the past year are likely 
temporary. But some of the changes brought about 
by the pandemic may continue, influencing energy 
consumption – in either a positive or negative direc-
tion – for years to come. 

• Commuting: 2020 saw an immediate and 
drastic decrease in travel, especially travel to 
work. The number of vehicle-miles traveled 
fell by 13% from 2019 to 2020, while transit 
ridership fell by 65% in the second half of 2020 
compared to pre-pandemic levels.61 Many work-
places shifted to remote work: an October 2020 
Pew Research Center poll found that, among 
workers whose jobs could mainly be done 
from home, 71% were working fully remotely, 
compared to one in five before the pandemic.62 
Many companies are planning to continue with 
some form of remote work even after the end of 
the pandemic.63 The impact of remote work on 
overall energy consumption is unclear – while 
most studies suggest that it reduces energy use, 
some studies suggest that it may have little 
effect or even increase energy consumption.64 
Maximizing energy savings from telecommuting 
may require new approaches, such as improving 
residential energy efficiency and enabling more 
non-commute car trips to be replaced by tran-
sit, biking and walking.

• Commercial energy efficiency: A secondary 
effect of work-from-home is the reduction in 
demand for office space in urban downtowns 
and suburban office parks alike. The efficiency 
with which those spaces are used – or the 
ability to convert them to other uses – may have 
long-term effects on energy consumption and 
the effectiveness of energy efficiency and clean 
energy policies targeting those buildings. 

• Retail and delivery: The pandemic also 
accelerated the growth of online retailers like 
Amazon and the demise of traditional “brick 
and mortar” retail. The energy consumption 
impacts of delivery services like Amazon are – 
like the impact of telecommuting – uncertain, 
and dependent on the degree to which delivery 
replaces trips to the store that would otherwise 
be taken in cars, the efficiency of the delivery 
process itself, and other factors.65 Efforts to elec-
trify and improve the efficiency of the delivery 
process, minimize the environmental footprint 
of distribution centers and other infrastructure 
of the online economy, and repurpose existing 
retail space in sustainable ways are likely to 
become more important in the years to come.  

The COVID-19 pandemic changed how Ameri-
cans live their lives in ways that will continue to 
have ripple effects long after the pandemic is over. 
Policy-makers must pay attention to those trends, 
and do their best to ensure that the progress made 
toward clean energy and energy efficiency continues 
after the pandemic ends. 
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From 2011 to 2020, energy consumption per unit of 
Gross Domestic Product (GDP) fell by more than 17%, 
even as U.S. GDP increased by 14%.67

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 effi-
cient vehicles.68 In 2011, the average fuel economy of 
a new, light-duty vehicle was 22.3 miles per gallon.69 
In 2020, the average fuel economy was 25.7 miles per 
gallon – an improvement of 15%.70 Fuel efficiency 
standards are continuing to improve as new policies 
come into effect. In August 2021, the U.S. National 
Highway Traffic Safety Administration (NHTSA) pro-
posed new vehicle emission standards on passenger 
cars and light trucks made between 2024 and 2026 
that would increase standards by 8% annually.71

• According to a survey by the American Council for 
an Energy-Efficient Economy (ACEEE), electricity 

efficiency programs across the U.S. saved 17% more 
energy in 2019 than in 2011, as states ramped up 
investments in efficiency.72 Energy efficiency measures 
installed through these programs in 2019 delivered 
savings of 26.9 million megawatt-hours (MWh) of elec-
tricity, enough to power almost 2.5 million homes.73

• Energy efficiency policies, including the federal Energy 
Independence and Security Act of 2007, have driven 
adoption of efficient appliances and lighting, includ-
ing light emitting diode (LED) lighting.74 From 2016 
to 2018, the percentage of all installed lighting consist-
ing of LED lights increased from 14.9% to 30%.75 By 
2035, the Department of Energy estimates that LEDs 
could save 569 terawatts of electricity, equivalent to 
the annual production of 92 large power plants.76 

• Utility and state efficiency programs have been able 
to prevent the usage of vast amounts of natural gas, 
which contains methane, a powerful greenhouse 
gas.77 While making gas appliances and systems 
more efficient can help avoid more carbon dioxide 
and methane emissions, a truly carbon-free society 

Figure 7: U.S. per capita primary energy consumption has decreased by 9% since 2011, including the impact of COVID-1966
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will have to run primarily on electric power in 
order to be reliant on exclusively renewable sources, 
necessitating that traditional gas efficiency programs 
prioritize improving building shells and fuel-switch-
ing to electricity over the installation of equipment 
that will prolong our dependence on gas.

• Building energy codes play a big part in reducing 
building energy use; residential and commercial 
buildings account for almost 40% of U.S. energy 
consumption.78 Many states have either implemented 
or updated building energy codes in recent years.79 In 
2014, building energy codes saved approximately 1.1 
quadrillion Btu.80 The updated version of the Inter-
national Conservation Energy Code (IECC) issued 
in 2020 is expected to improve the energy efficiency 
of new commercial and residential buildings by about 
10% compared to the previous version of the code.81

ACEEE produces an annual scorecard of state progress 
in energy efficiency. ACEEE’s data on energy efficiency 
reveals improvements in state-level programs and poli-
cies to reduce electricity use. Maryland, Rhode Island 
and Massachusetts saw the greatest increases in elec-
tricity efficiency savings as measured by percentage of 
retail sales. California, Massachusetts, Vermont, Rhode 

Island and New York were ranked as the top five states 
on the ACEEE 2020 State Energy Efficiency Scorecard, 
and were among the top eight states in 2019 energy 
efficiency savings as a percentage of 2018 retail sales.82 

California’s savings increased by about 1 million mega-
watt-hours (MWh) from 3.4 million MWh annually in 
2011 to about 4.4 million MWh in 2019, according to 
ACEEE, the most savings of any state that year.83 California 
has adopted strong building energy codes and appliance 
efficiency standards, leading energy efficiency efforts at a 
national level and serving as a model for other states. In 
2020, California increased investments in high-efficiency 
heat pump water heaters, updated its building energy code, 
and improved appliance standards for light bulbs.84

New York has an ambitious energy savings goal of 185 
trillion Btu by 2025 and has enacted policies to support 
that goal.85 In 2020, New York adopted the NYStretch 
Energy Code, which serves as an improvement upon 
the state building code efficiency standards by 11%.86 
New York City, as well as a number of other municipal-
ities, have adopted the code.87 New York City, Washing-
ton, D.C., St. Louis and other cities and states have also 
adopted mandatory building performance standards for 
large commercial buildings.88

TABLE 4: MOST IMPROVED STATES FOR ELECTRICITY EFFICIENCY, BASED ON ACEEE STATE 
ENERGY EFFICIENCY SCORECARDS89

State Energy efficiency savings 2019 
(% of retail sales)

Energy efficiency savings 2011 
(% of retail sales)

Change 
(percentage points)

Rank, by 
increase

Maryland 2 .14 0 .58 1 .56 1

Rhode Island 2 .51 1 .25 1 .26 2

Massachusetts 2 .25 1 .43 0 .82 3

Illinois 1 .44 0 .67 0 .77 4

Arkansas 0 .63 0 .13 0 .50 5

Michigan 1 .41 1 .00 0 .41 6

California 1 .74 1 .35 0 .39 7

Colorado 0 .95 0 .65 0 .30 8

New Hampshire 0 .93 0 .64 0 .29 9

North Carolina 0 .64 0 .39 0 .25 10 (tied)

Oklahoma 0 .45 0 .20 0 .25 10 (tied)
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Heat pump technology continues to improve
Energy efficiency investments will play an important 
role in the transition from natural gas to electricity 
for heating and cooling buildings. The technology for 
electric heat pumps has improved dramatically in recent 
years, to the point that they are now a viable heating sys-
tem across America, even in cold climates.90 To achieve 
a zero-carbon future, buildings across the nation will 
need to transition to an electric source of heat within 
the next couple of decades. Already, states like Maine 
and Vermont have established ambitious goals that will 
result in more electric heating systems.91

In 2019, nearly 20 million residential heat pump systems 
were sold globally.92 Instead of heating or cooling air like 
other temperature regulation systems, heat pumps move 
air to warm or cool a space. Air-source heat pumps, the 
most common system used, move air between the inside 
and outside of a home. Air-source heat pumps can save 
about half the electricity used to heat the same space 
with electric resistance heat sources like electric base-
board heaters or furnaces.93 On average, heat pumps can 
save $1,287 annually in electricity costs and 7.6 tons of 
carbon emissions compared to baseboard heaters.94 

Heat pumps are becoming much more common around 
the United States. In 2015, 12% of all U.S. homes with 
heating used heat pumps, up from just 8% a decade 
earlier.95 Shipments of efficient air-source heat pumps 
from U.S. manufacturers nearly doubled between 2011 
and 2020, increasing by 10% in 2020 alone.96 

The efficiency of heat pumps has improved to the point 
where they are a realistic and comfortable option for 
heating homes in all climates. Cold winters in northern 
climates of the U.S. have historically limited heat pump 
adoption, but more robust systems specifically designed 
for cold climates have kickstarted the transition to clean 
heating, even in the coldest states. To transition the 
84% of New York homes using fossil fuels for heating 
to electricity, New York started the NYS Clean Heat 
program in 2020, which incentivizes heat pumps for 
both contractors and customers through rebates for 
systems designed for cold weather, as well as funding 
for workforce and consumer training.98 In 2019, Maine 
set a goal to install 100,000 more heat pumps by 2025, 
and has supported that goal with financial incentives.99 
Efficiency Maine provides rebates for residential, low-in-
come and commercial customers.100 

Figure 8: America’s top states for electricity efficiency gains, 2011-2019 (data: ACEEE)
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More than 2 million plug-in electric 
vehicles have been sold
Achieving an economy powered by 100% renewable 
energy means ending the use of fossil fuels for all activ-
ities, not just the generation of electricity. That means 
ending the use of petroleum for transportation – a 
sizable task, given that it currently powers the over-
whelming majority of our vehicles. There are several 
strategies for reducing transportation fossil fuel use – 
such as encouraging public transportation, walking and 
biking. But 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 
2010 the number of battery electric vehicles (BEVs) and 
plug-in hybrid electric vehicles (PHEVs) on American 
roads was in the hundreds.

However, 1.7 million plug-in EVs had been sold in 
the U.S. as of the end of 2020.101 By mid-2021, plug-in 
electric vehicle sales had surpassed 2 million.102 The 
availability of models expands every year, with 55 mod-
els currently available, ranging from the Toyota RAV4 
Prime to the Jaguar I-PACE.103 By the end of 2024, 
automakers plan to have almost 100 different models 
of EVs on the market.104 In spite of a severe economic 
downturn, over 318,000 EVs were sold in 2020, nearly 
20 times as many as in 2011.105 

California leads the nation in electric vehicle adoption. 
Nearly half of all EVs ever sold in the country have 
been sold in California.106 Six of the states leading 
the nation in EV sales – California, New Jersey, New 
York, Colorado, Washington and Massachusetts – have 
requirements that a certain percentage of each automak-
er’s sales be zero-emission vehicles.107 All of the top 10 
offer a rebate or grant towards EV purchases.108 

Figure 9. Shipments of air-source heat pumps from U.S. manufacturers97
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Figure 10: Cumulative electric vehicle sales reached 1.7 million in 2020109
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TABLE 5: TOP STATES FOR CUMULATIVE ELECTRIC VEHICLE SALES THROUGH 2020110

State Battery electric 
vehicle sales

Plug-in hybrid sales All plug-in vehicle sales 
(battery electric and plug-in hybrid)

Rank, by 
number of sales

California 467,441 304,980 772,421 1

New York 36,578 42,641 79,219 2

Florida 55,105 22,292 77,397 3

Washington 49,291 16,320 65,611 4

Texas 36,460 17,828 54,288 5

New Jersey 30,685 18,490 49,175 6

Georgia 36,866 7,614 44,480 7

Massachusetts 21,925 17,269 39,194 8

Illinois 26,574 11,474 38,048 9

Colorado 25,961 10,860 36,821 10
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Recent years have also seen the widespread deployment 
of electric vehicle charging stations across the country. 
Currently there are more than 100,000 charging ports, 
located in more than 44,000 stations across the coun-
try, including along major highways.111 

Battery energy storage has grown 18-fold 
since 2011
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. Many strategies 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 needed. 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, it may be economical and prudent to build 
sufficient wind and solar capacity to provide adequate gen-
eration even on days when there is less sun and wind.122

Energy storage technologies can also help to enable a 
100% renewable energy future. Energy storage tech-
nologies like batteries can smooth the deployment of 
renewable energy by storing excess energy for later use. 
When the sun shines during the day, excess energy 

TABLE 6: TOP STATES FOR PUBLIC EV 
CHARGING PORTS AS OF SEPTEMBER 2021112

State EV charging ports Rank, by number 
of ports

California 34,219 1

New York 6,554 2

Florida 5,656 3

Texas 4,940 4

Massachusetts 4,118 5

Washington 3,769 6

Georgia 3,753 7

Colorado 3,356 8

Maryland 2,825 9

Virginia 2,507 10

Figure 11: America’s top states for electric vehicle sales through 2020 
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can be stored for use at night. Storage also allows for a 
more flexible grid that can adapt to evolving sources of 
demand, such as electric vehicles, and new sources of 
local generation, such as rooftop solar panels. Battery 
storage can also play an important role in providing 
backup power that enhances community resilience in 
the face of disaster without dependence on fossil fuels.

As states begin committing to robust renewable energy 
standards and carbon-free futures, energy storage can 
help facilitate their transitions.123 By 2020, the U.S. had 
over 24 GW of installed electricity storage capacity.124 
Pumped hydropower storage accounts for the vast 
majority of the grid storage capacity in the U.S. and the 
world and was the only major form of energy storage 
on the U.S. grid as of 2011.125 In these systems, water is 
pumped to a higher elevation during periods of surplus 
generation and allowed to flow back down through a 
hydroelectric generator when electricity is later needed.

Since 2011, one sector of energy storage has seen dra-
matic progress: battery storage. 

Much of the energy storage added since 2011 has been 
in the form of battery storage, which increased 18-fold 
in terms of capacity through 2020.126 Aided in part by 
the rise of battery-powered electric vehicles, recent price 
declines, and technology improvements, batteries have 
become a viable and flexible option for expanding energy 
storage capacity. These developments have enabled wide-
spread installations of home and business-scale energy 
storage – often paired with solar energy – as well as 
growth in large-scale battery storage by utilities.127 

Experts predict that improving batteries will propel 
rapid growth in energy storage in the coming years. 
BloombergNEF predicts that the cost of utility-scale 
lithium-ion batteries will fall by 52% between 2018 
and 2030, and that the U.S. will exceed 100 GW of 
installed battery storage capacity by 2040.128 

Electrified transit
Like electric passenger cars, electric buses have the 
potential to help cities reduce pollution and cut car-
bon emissions. Currently, most buses run on diesel, 
which produces emissions that not only contribute 
to global warming but may also cause cancer and 
other illnesses.113 Replacing all of America’s diesel 
buses with clean electric buses would avoid an aver-
age of 7.3 million tons of greenhouse gas emissions 
annually.114 Furthermore, electric buses can also save 
transit agencies money. A 2020 analysis by research-
ers with the National Renewable Energy Laboratory 
(NREL) estimated that transit agencies receiving 
federal grants for the purchase of four electric buses 
charged centrally at bus depots could achieve savings 
of $785,000 over the course of the buses’ lifetimes.115

The transition to electric buses has already begun. 
In 2014, the Chicago Transit Authority was the first 
major transportation agency to deploy an electric bus 
in its fleet.116 Three years later, hundreds of electric 
buses were running across the country and 9% of 

all transit agencies had an electric bus in service 
or ordered.117 King County Metro Transit, which 
serves Seattle and the surrounding areas, has plans 
to incorporate 120 electric buses into its fleet in the 
near term, and has set a larger goal to electrify its 
entire fleet by 2040.118 The state of California has 
made a similar commitment, setting a goal to make 
the 12,000 transit buses in the state fully electric 
by 2040.119 School districts around the country are 
also beginning to incorporate electric school buses 
into their fleets. Montgomery County, Maryland, 
for example, contracted in early 2021 to lease 300 
electric school buses, the largest such purchase by an 
individual school district in the nation at the time.120

Electric buses are still a relatively new technology, 
but they are growing quickly. In 2011, 1.1 MWh of 
electricity were used in transit vehicles operating 
on batteries; by 2019, that figure had risen to 23.8 
gigawatt-hours (GWh), an indication of the growing 
number of buses powered by electricity.121
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Federal policy regulating wholesale electricity markets 
can have an important influence on the amount of 
energy storage added to the grid. The Federal Energy 
Regulatory Commission (FERC) issued Order 841 in 
2018, removing barriers to energy storage and allowing 
storage to compete with fossil fuels to provide capacity 
to the grid.129 Among the impacts of the order was the 
adoption of revised rules for the market participation 
of energy storage in the PJM regional grid, which covers 
much of the Mid-Atlantic and parts of the Midwest. 
The revised rules will allow for participation of a wider 
variety of types of storage in capacity markets.130 

At the state level, California, Texas, Illinois, Massa-
chusetts and Hawaii led the nation in battery storage 
additions from 2011 to 2020. California installed 589.3 
MW of capacity between 2011 and 2020, accounting for 
over a third of the nation’s total battery storage capac-
ity.131 California’s aggressive adoption of energy storage 
was due in part to a California Public Utilities Commis-
sion requirement that utilities increase energy storage 
capacity. Additions also increased rapidly in response 
to the Aliso Canyon natural gas leak in 2015-2016, 
for which energy storage was used to minimize grid 
disruptions.132 Eight other states have followed Califor-

nia’s lead in setting energy storage mandates, goals or 
targets.133 In total, as of mid-2020 11,000 MW of new 
storage systems were outlined in targets, with much of 
that capacity due to be installed in the next decade.134 

As climate change spurs extreme weather events, reliable 
energy backup becomes increasingly critical. In February 
2021, Texas’s power grid failed, leaving millions without 
power.135 Electric vehicles became a critical source for 
many, enabling some residents to power their homes 
– or at least recharge battery-powered devices like cell-
phones – from their car batteries.136 Automakers are 
beginning to use the potential to deliver backup power 
as a selling point for their vehicles, with Ford and Sun-
run announcing a partnership in 2021 to market vehi-
cle-to-home technology that could allow homeowners to 
draw up to three days’ worth of emergency power from 
the batteries of their F-150 Lightning electric trucks.137

In March 2021, Tesla started planning for a 100 MW 
energy storage system located 40 miles outside Houston, 
which would be able to power about 20,000 homes. 
Standard & Poor’s states that Tesla’s project is not alone, 
with nearly a dozen projects starting this past summer 
ranging from 50 MW to over 200 MW of capacity.138

Figure 12: Annual U.S. battery storage capacity139
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Figure 13: America’s top states for battery storage additions since 2011

TABLE 7: STATES THAT ADDED THE MOST BATTERY STORAGE, 2011-2020140

State Battery storage nameplate capacity (MW) Net growth (MW) Rank, by increase
2011 2020

California 0 589 .3 589 1

Texas 5 323 .1 318 2

Illinois 0 132 .7 133 3

Massachusetts 0 70 .9 71 4

Hawaii 15 63 .0 48 5

Maine 0 43 .1 43 6

New Jersey 0 42 .6 43 7

Arizona 0 42 .0 42 8

New York 11 48 .1 37 9

Indiana 2 38 .0 36 10
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The U .S . can and must accelerate 
clean energy progress

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, transporting and pro-
cessing 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 poten-
tial to meet its current electricity needs 78 times over 
with solar energy and more than 11 times over with 
wind energy.141 Every state in the country has enough 
potential from either solar or wind energy alone to sup-
ply all of its electricity needs.142 

Transitioning to an economy powered entirely by clean, 
renewable energy will require us to find ways to tap 
more of that clean energy potential, to take advantage 
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 eliminate our 
dependence on fossil fuels by mid-century – a critical dead-
line for preventing the worst impacts of global warming. 

If the nation were to add as much wind, solar and 
geothermal power every year as we did in 2020, by 2050 

America would be producing enough renewable electric-
ity to meet just 54% of projected electricity demand.143 

If America can continue to accelerate its adoption of 
renewable energy as we have over the past decade, the 
goal of fully repowering our electricity system, and 
eventually our entire economy, begins to come into 
view. Between 2011 and 2020, U.S. wind, solar and 
geothermal generation grew at an annual rate of 15%.144 
If those forms of renewable generation were to continue 
to grow by 15% per year, wind, solar and geothermal 
would produce enough electricity to meet all of our 
current electricity needs by 2035.145     

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 toward a clean 
energy economy. 

Wind turbine technology has seen enormous improve-
ments over the past decade. In 2019, the average 
installed wind turbine had 42% greater power capacity 
than one installed in 2010, and the area swept by the 
average turbine’s rotors doubled in that time period.146 
The average new wind turbine capacity rose from 1.8 
MW in 2010 to 2.6 MW in 2019.147 

In November 2019, GE’s “Haliade-X” wind turbine 
prototype set a world record and produced 262 MWh 
of electricity within 24 hours, enough to power 30,000 
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households in the area. The prototype model has a 
capacity of 12 MW.148 By 2030, experts suggest that 
these large-scale wind turbines will be regularly installed 
offshore, with enormous rotors with “a swept area more 
than five times the size of a football field.”149 

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, as well as the coast of Maine, where the ocean 
is too deep to allow the installation of traditional 
seafloor-mounted turbines.150 Based on data from the 
National Renewable Energy Laboratory, the West 
Coast has the potential to generate more than ten 
times as much electricity from the wind as it uses in a 
given year.151 

Recent years have also seen rapid progress in solar 
energy technology. The median new residential solar 
panel installed in 2019 was around 37% more efficient 
than one installed in 2010.152 Utility-scale solar energy 
systems have benefited from improvements in tracking 
technology that allow panels to change angles to follow 
the sun, or to maximize generation from diffuse light 
on cloudy days.153 Efficiency improvements are reducing 
the cost of utility-scale projects by allowing developers 
to use less land, or fewer modules, to achieve desired 
project capacity; or to boost the amount of capacity 
possible on already developed land.154 

Advanced new products are also helping to reduce 
energy consumption and enable smarter energy use. 
Among them are technologies that fall under the 
banner of what the ACEEE calls “intelligent efficiency,” 
a category of energy-saving strategies that harness the 
power of information technology. Smart thermostats, 
which give homeowners more control over home energy 
use and have been shown to reduce the energy used for 
heating and cooling, accounted for an estimated 40% of 
thermostat sales by the end of 2018.155 

Industrial operations are embracing intelligent effi-
ciency.156 In 2018, the market for industrial energy 

management systems – systems that allow monitoring 
and adjustment of energy use in industrial settings – 
reached $21.6 billion in revenue, having experienced 
double-digit annual growth rates in the previous 
couple of years.157 Efficiency technologies and advances 
in building design, combined with on-site renewable 
energy, are enabling the spread of net zero energy build-
ings, which generate more energy than they consume 
over a year. A survey by the NetZero Energy Coalition 
found more than 6,000 net zero energy buildings in 
the U.S. and Canada in 2017, almost a 50% increase 
from 2016.158 

Improvements in battery technology are enabling both 
improvements in energy storage and long-range electric 
vehicles. The median range for an EV grew to over 
250 miles between 2011 and 2020 – well over triple 
the range of 2011.159 On the upper end, the growth in 
range is even more dramatic. The newest version of 
the Tesla Roadster will have a 620-mile range, which 
is 208 miles more than an average gasoline-powered 
car.160 Advances in range are due to improved battery 
technology, advances in aerodynamics and reductions 
in rolling resistance.161 Meanwhile, auto companies 
continue to invest resources in improving battery tech-
nology; in May 2021, Ford announced the upcoming 
introduction of an electric version of its F-150 pickup 
truck, the best-selling vehicle in America.162 Other 
non-luxury brands are announcing battery and plug-in 
hybrid vehicle options as well, like the Honda Clarity, 
Hyundai Kona EV, and Subaru Solterra.163 In addition 
to reducing reliance on fossil fuels, widespread adoption 
of electric vehicles would also reduce overall energy use, 
because electric vehicles are approximately three times 
more efficient at converting energy to wheel power than 
gasoline-powered vehicles.164 

New advances in longer-term energy storage also hold 
promise.165 The U.S. Department of Energy aims to 
drive down the cost of grid-scale, long-duration energy 
storage technologies that can add flexibility to the grid 
by 90% or more within a decade.166 
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Prices are falling
Advancing technology and increasing economies of 
scale have led to rapidly falling prices for clean energy 
technology. 

An NREL survey of clean energy prices found that, 
from 2010 to 2018, the cost of distributed PV fell by 
71% and utility-scale PV by 80-82%.167 Lazard, a con-
sulting firm that conducts an annual levelized cost of 
energy survey, found that the cost of land-based wind 
power fell by 66% during the same period.168 

These and other recent price declines have made many 
clean energy technologies price competitive when 
compared to conventional fossil-fuel technology. Lazard 
now reports that renewable sources like certain wind 
and solar energy technologies are “cost competitive with 
conventional generation technologies.”169 In Los Ange-
les, for example, a record-breaking solar contract was 
proposed in 2019, promising to deliver energy for 1.99 
cents per kilowatt-hour – a fraction of the 7.4 cents per 
kilowatt-hour average wholesale price of electricity in 
California in 2019.170 

LED light bulbs used to cost over $40 apiece a decade 
ago, but technology improvements mean that they now 
cost less than $2 per bulb.171 They use at least 75% less 

energy than incandescent bulbs, and last 25 times as 
long.172 If the U.S. were to transition entirely to LED 
light bulbs, by 2035, 569 TWh of electricity could be 
saved annually. This is equivalent to the energy output 
of 92 large-scale power plants.173 

As adoption increases and technology improves, prices are 
expected to continue to fall. One study by NREL found 
that the cost of wind energy is expected to fall 50% by 
2030 from 2017 cost levels.174 BloombergNEF found that 
constructing solar and wind power is “already cheaper 
than building new large-scale coal and gas plants” and 
predicts that the cost of an average utility-scale solar plant 
will fall 71% by 2050.175 It also estimates that by 2030, 
energy storage costs will fall by 52%.176 

Battery-electric vehicles, meanwhile, are already 
cheaper than gasoline-powered vehicles over their 
entire lifespan, due to lower costs for fuel and mainte-
nance. A 2020 report by Consumer Reports found that 
the lifetime ownership costs of the most popular EV 
models are thousands of dollars lower than those of 
comparable gasoline-powered vehicles, with typical sav-
ings of between $6,000 and $10,000.177 Further reduc-
tions in battery costs could bring the upfront costs of 
EVs down to the level of gasoline-powered vehicles by 
the mid-2020s.178
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Conclusion and recommendations

America has virtually limitless potential to 
produce energy from the wind and sun, and 
many opportunities to curb our energy use. 

Technological improvements 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 renewable 
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, renew-
able sources of energy – eliminating our dependence 
on the fossil fuels that contribute to global warming 
and on other damaging sources of energy. Researchers 
from a wide variety of academic and governmental 
institutions have put forward scenarios by which 
America can power all, or nearly all, of our electricity 
system – and even our entire economy – with renew-
able energy.179 Many other such scenarios are likely to 
emerge in the years to come as technology advances 
and leading communities, states and nations gain 
experience with the transition. 

To get there, however, America will need to build 
upon the nation’s history of adopting strong, proven 
policies to accelerate the deployment and use of renew-
able energy. For example, roughly half of all growth in 
renewable electricity in the United States since 2000 
has been attributed to state adoption of renewable elec-
tricity standards.180

Among the most important steps that federal, state and 
local governments can take are the following:

• Set ambitious targets for renewable energy, follow-
ing the example of the nine states and nearly 200 
cities and towns that have committed to getting 
100% of their electricity from clean or renewable 
sources of energy within the next several decades.181 
The most effective renewable energy targets will 
also include strong intermediate goals that ensure 
continuous progress in renewable energy adoption 
over time.

• Set similar targets for the adoption of specific 
clean energy technologies, including solar power, 
offshore wind energy, and energy storage. These 
technology-specific targets can ensure a market 
for new and developing sources of clean energy, 
increasing the confidence of would-be investors in 
clean energy and creating economies of scale that 
bring prices down.

• Establish strong incentives for renewable energy 
adoption, including extension of federal tax credits 
that have helped to fuel the growth of renewable 
energy over the last decade and local and state clean 
energy incentives. Policy-makers should expand and 
improve existing clean energy incentives to make 
them easier to use and to ensure that they deliver 
benefits to everyone wanting to participate in the 
drive toward a clean energy future. 

• Ensure that utility regulations and policies fully and 
fairly compensate investors in clean energy technol-
ogies, such as energy storage and distributed solar 
power, for the benefits they deliver to the environ-
ment, society and the electric system. Utility regu-
lators should implement or continue net metering 
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for rooftop solar customers, which has been a key 
enabler of the growth of solar energy capacity, or 
adopt similar compensation structures that support 
continued rapid growth in rooftop solar.

• Encourage the transition to electric vehicles and 
electric buildings through strong clean cars stan-
dards, local commitments to transition to electric 
transit and school buses, and policies to support 
fuel-switching in residential and commercial build-
ings from gas and oil to electricity. 

• Support the integration of technologies and prac-
tices that will enable America to take full advan-

tage of its renewable energy potential, including 
the integration of energy storage into the grid, the 
development of resilient local microgrids powered 
by renewable energy, and the appropriate expansion 
of transmission infrastructure to allow for the trans-
port of renewable energy from the places where it is 
abundant to the places where it is needed. 

• Encourage continued steady progress on energy 
efficiency by continuing and expanding local, state, 
utility and federal programs and policies, including 
utility energy efficiency programs, building energy 
codes, and appliance efficiency standards.
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Appendix: Detailed state data

TABLE A1 . CLEAN ENERGY PROGRESS BY STATE

State Increase 
in solar 

electricity 
generation, 
2011 - 2020 

(GWh)182

Increase 
in wind 

electricity 
generation, 
2011 - 2020 

(GWh)183

Increase in electricity 
efficiency savings, 

2011 - 2019 (percentage 
point increase in savings 

as share of electricity 
consumption)184

Number of 
electric vehicles 

sold through 
2020185

Increase in battery 
storage capacity 

2011 - 2020 
(MW)186

Alabama 384 0 -0 .07 4,480 1

Alaska 7 151 -0 .02 839 5

Arizona 8,445 379 -0 .41 32,637 42

Arkansas 357 0 0 .50 2,165 12

California 45,377 5,893 0 .39 772,421 589

Colorado 1,952 7,527 0 .30 36,821 9

Connecticut 932 12 -0 .11 17,537 2

Delaware 150 0 0 .01 3,511 8

Florida 7,517 0 -0 .15 77,397 29

Georgia 4,205 0 0 .12 44,480 2

Hawaii 1,631 238 -0 .12 15,333 48

Idaho 651 1,435 0 .06 2,607 0

Illinois 525 10,898 0 .77 38,048 133

Indiana 594 3,256 0 .04 10,393 36

Iowa 235 23,440 -0 .34 4,287 1

Kansas 107 19,793 -0 .08 4,423 0

Kentucky 95 0 -0 .07 3,919 0

Louisiana 327 0 0 .11 3,175 1

Maine 124 1,791 -0 .02 4,524 43

Maryland 1,572 275 1 .56 31,688 23

Massachusetts 3,823 207 0 .82 39,194 71

Michigan 313 6,303 0 .41 24,081 1
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State Increase 
in solar 

electricity 
generation, 
2011 - 2020 

(GWh)182

Increase 
in wind 

electricity 
generation, 
2011 - 2020 

(GWh)183

Increase in electricity 
efficiency savings, 

2011 - 2019 (percentage 
point increase in savings 

as share of electricity 
consumption)184

Number of 
electric vehicles 

sold through 
2020185

Increase in battery 
storage capacity 

2011 - 2020 
(MW)186

Minnesota 1,883 5,514 -0 .15 15,761 16

Mississippi 451 0 0 .02 1,199 0

Missouri 466 2,247 0 .19 11,019 2

Montana 64 1,727 -0 .03 1,679 0

Nebraska 82 7,659 -0 .03 2,955 0

Nevada 5,801 323 -0 .01 12,901 0

New Hampshire 154 459 0 .29 5,445 0

New Jersey 3,473 11 -0 .07 49,175 43

New Mexico 1,910 5,086 0 .09 3,612 1

New York 3,325 2,124 0 .04 79,219 37

North Carolina 9,258 546 0 .25 23,889 10

North Dakota 1 7,947 -0 .06 485 0

Ohio 405 2,101 -0 .27 23,888 31

Oklahoma 96 23,967 0 .25 6,433 10

Oregon 1,286 3,775 0 .07 34,976 5

Pennsylvania 582 2,079 -0 .32 32,019 28

Rhode Island 498 228 1 .26 3,433 0

South Carolina 2,166 0 0 .20 6,303 4

South Dakota 4 2,936 0 .06 745 1

Tennessee 430 1 -0 .31 11,235 0

Texas 9,442 62,441 -0 .01 54,288 318

Utah 3,037 230 -0 .20 12,566 0

Vermont 355 351 0 .00 5,352 11

Virginia 1,688 0 0 .01 29,784 0

Washington 288 2,064 0 .06 65,611 7

West Virginia 14 795 0 .13 1,305 32

Wisconsin 213 593 0 .07 12,201 0

Wyoming 178 531 0 .15 533 0

TABLE A1 (CONTINUED)
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TABLE A2 . SOLAR GENERATION BY STATE187

State 2011 solar electricity 
generation (GWh)

2020 solar electricity 
generation (GWh)

Growth from 2011-2020 
(GWh)

Rank, by growth

Alabama 1 385 384 30

Alaska 0 7 7 48

Arizona 477 8,922 8,445 4

Arkansas 3 360 357 31

California 2,635 48,012 45,377 1

Colorado 268 2,220 1,952 13

Connecticut 34 966 932 20

Delaware 36 186 150 40

Florida 160 7,677 7,517 5

Georgia 25 4,230 4,205 7

Hawaii 111 1,742 1,631 17

Idaho 1 652 651 21

Illinois 21 546 525 24

Indiana 3 597 594 22

Iowa 0 235 235 36

Kansas 0 107 107 42

Kentucky 2 97 95 44

Louisiana 8 335 327 33

Maine 1 125 124 41

Maryland 47 1,619 1,572 18

Massachusetts 82 3,905 3,823 8

Michigan 12 325 313 34

Minnesota 5 1,888 1,883 15

Mississippi 0 451 451 27

Missouri 2 468 466 26

Montana 3 67 64 46

Nebraska 0 82 82 45

Nevada 341 6,142 5,801 6

New Hampshire 3 157 154 39

New Jersey 644 4,117 3,473 9

New Mexico 157 2,067 1,910 14

New York 97 3,422 3,325 10

North Carolina 35 9,293 9,258 3
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State 2011 solar electricity 
generation (GWh)

2020 solar electricity 
generation (GWh)

Growth from 2011-2020 
(GWh)

Rank, by growth

North Dakota 0 1 1 50

Ohio 33 438 405 29

Oklahoma 1 97 96 43

Oregon 47 1,333 1,286 19

Pennsylvania 194 776 582 23

Rhode Island 7 505 498 25

South Carolina 2 2,168 2,166 12

South Dakota 0 4 4 49

Tennessee 3 433 430 28

Texas 77 9,519 9,442 2

Utah 6 3,043 3,037 11

Vermont 9 364 355 32

Virginia 7 1,695 1,688 16

Washington 9 297 288 35

West Virginia 1 15 14 47

Wisconsin 12 225 213 37

Wyoming 0 178 178 38

TABLE A2 (CONTINUED)
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TABLE A3 . WIND GENERATION BY STATE188

State 2011 wind electricity 
generation (GWh)

2020 wind electricity 
generation (GWh)

Growth from 2011-2020 
(GWh)

Rank, by growth

Alabama 0 0 0 41 (tie)

Alaska 12 163 151 37

Arizona 256 635 379 29

Arkansas 0 0 0 41 (tie)

California 7,752 13,645 5,893 10

Colorado 5,200 12,727 7,527 8

Connecticut 0 12 12 38

Delaware 5 5 0 41 (tie)

Florida 0 0 0 41 (tie)

Georgia 0 0 0 41 (tie)

Hawaii 341 579 238 33

Idaho 1,307 2,742 1,435 23

Illinois 6,213 17,111 10,898 5

Indiana 3,285 6,541 3,256 14

Iowa 10,709 34,149 23,440 3

Kansas 3,720 23,513 19,793 4

Kentucky 0 0 0 41 (tie)

Louisiana 0 0 0 41 (tie)

Maine 707 2,498 1,791 21

Maryland 271 546 275 32

Massachusetts 61 268 207 36

Michigan 456 6,759 6,303 9

Minnesota 6,726 12,240 5,514 11

Mississippi 0 0 0 41 (tie)

Missouri 1,178 3,425 2,247 16

Montana 1,265 2,992 1,727 22

Nebraska 1,051 8,710 7,659 7

Nevada 0 323 323 31

New Hampshire 66 525 459 28

New Jersey 11 22 11 39

New Mexico 2,104 7,190 5,086 12

New York 2,828 4,952 2,124 17

North Carolina 0 546 546 26
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State 2011 wind electricity 
generation (GWh)

2020 wind electricity 
generation (GWh)

Growth from 2011-2020 
(GWh)

Rank, by growth

North Dakota 5,236 13,183 7,947 6

Ohio 198 2,299 2,101 18

Oklahoma 5,605 29,572 23,967 2

Oregon 4,775 8,550 3,775 13

Pennsylvania 1,794 3,873 2,079 19

Rhode Island 3 231 228 35

South Carolina 0 0 0 41 (tie)

South Dakota 2,668 5,604 2,936 15

Tennessee 53 54 1 40

Texas 30,548 92,989 62,441 1

Utah 573 803 230 34

Vermont 33 384 351 30

Virginia 0 0 0 41 (tie)

Washington 6,262 8,326 2,064 20

West Virginia 1,103 1,898 795 24

Wisconsin 1,188 1,781 593 25

Wyoming 4,612 5,143 531 27

TABLE A3 (CONTINUED)
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TABLE A4 . WIND AND SOLAR GENERATION AS PERCENTAGE OF STATE ELECTRICITY 
CONSUMPTION BY STATE189

State Total wind and solar generation, 
2020 (GWh)

Wind and solar generation as percentage of 
state electricity consumption

Rank, by percentage 
of consumption

Alabama 385 0 .5% 48

Alaska 170 2 .9% 40

Arizona 9,557 11 .7% 22

Arkansas 360 0 .8% 46

California 61,657 24 .9% 12

Colorado 14,947 26 .5% 10

Connecticut 978 3 .6% 35

Delaware 191 1 .8% 43

Florida 7,677 3 .2% 37

Georgia 4,230 3 .2% 38

Hawaii 2,321 26 .6% 9

Idaho 3,394 14 .0% 19

Illinois 17,657 13 .4% 20

Indiana 7,138 7 .6% 26

Iowa 34,384 69 .0% 1

Kansas 23,620 61 .5% 3

Kentucky 97 0 .1% 50

Louisiana 335 0 .4% 49

Maine 2,623 23 .4% 13

Maryland 2,165 3 .8% 34

Massachusetts 4,173 8 .4% 25

Michigan 7,084 7 .4% 28

Minnesota 14,128 22 .6% 14

Mississippi 451 1 .0% 45

Missouri 3,893 5 .2% 33

Montana 3,059 21 .3% 15

Nebraska 8,792 29 .1% 8

Nevada 6,465 17 .0% 17

New Hampshire 682 6 .4% 29

New Jersey 4,139 5 .8% 32

New Mexico 9,257 36 .8% 6

New York 8,374 6 .0% 30

North Carolina 9,839 7 .6% 27
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TABLE A4 (CONTINUED)

State Total wind and solar generation, 
2020 (GWh)

Wind and solar generation as percentage of 
state electricity consumption

Rank, by percentage 
of consumption

North Dakota 13,184 61 .7% 2

Ohio 2,737 2 .0% 42

Oklahoma 29,669 48 .0% 4

Oregon 9,883 20 .8% 16

Pennsylvania 4,649 3 .3% 36

Rhode Island 736 10 .1% 24

South Carolina 2,168 2 .8% 41

South Dakota 5,608 44 .9% 5

Tennessee 487 0 .5% 47

Texas 102,508 25 .0% 11

Utah 3,846 12 .4% 21

Vermont 748 14 .1% 18

Virginia 1,695 1 .5% 44

Washington 8,623 10 .1% 23

West Virginia 1,913 6 .0% 31

Wisconsin 2,006 3 .0% 39

Wyoming 5,321 34 .7% 7
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Notes

1  2005: U.S. Energy Information Administration, 2005 

Residential Energy Consumption Survey: Preliminary Housing Character-

istics Tables, Table HC9.4 space heating characteristics by climate 

zone, 2005, 2005, accessed 21 October 2021 at https://www.eia.

gov/consumption/residential/data/2005/hc/pdf/tablehc9.4.pdf; 

2015: U.S. Energy Information Administration, 2015 Residential 

Energy Consumption Survey, Table HC6.1 Space heating in U.S. 

homes by housing unit type, 2015, revised May 2018 at https://

www.eia.gov/consumption/residential/data/2015/hc/php/

hc6.1.php. 

2  For 2014 and subsequent years, based on sum of net 

generation from utility-scale solar, small-scale solar and wind, 

divided by sum of all utility-scale generation plus small-scale 

solar. All data for 2014 and subsequent years from U.S. Energy 

Information Administration, Electricity Data Browser, accessed 15 

August 2021 at https://www.eia.gov/electricity/data/browser/; 

For 2013 and previous years, based on sum of total solar energy 

consumption for all sectors and wind generation divided by (total 

solar energy consumption plus (utility-scale generation minus 

utility-scale solar)) with total solar energy consumption data from 

U.S. Energy Information Administration, State Energy Data System 

2020 Update, accessed 7 September 2021 at https://www.eia.gov/

state/seds/. 

3  U.S. Energy Information Administration, Electricity 

Data Browser, accessed 7 September 2021 at https://www.eia.gov/

electricity/data/browser/. 

4  Based on 2020 generation from wind, solar and geo-

thermal power and total U.S. net generation from U.S. Energy 

Information Administration, Electricity Data Browser: Net 

Generation for United States, downloaded 18 August 2021 from 

https://www.eia.gov/electricity/data/browser/#/topic/0?ag-

g=2&fuel=vtvv&linechart=ELEC.GEN.ALL-US-99.A~ELEC.

GEN.COW-US-99.A~ELEC.GEN.PEL-US-99.A~ELEC.GEN.

PC-US-99.A~ELEC.GEN.NG-US-99.A~ELEC.GEN.OOG-US-99.

A~ELEC.GEN.NUC-US-99.A~ELEC.GEN.HYC-US-99.

A~ELEC.GEN.WND-US-99.A~ELEC.GEN.SUN-US-99.

A~ELEC.GEN.GEO-US-99.A~ELEC.GEN.BIO-US-99.A~ELEC.

GEN.WWW-US-99.A~ELEC.GEN.WAS-US-99.A~ELEC.

GEN.HPS-US-99.A~ELEC.GEN.OTH-US-99.A~ELEC.GEN.

TSN-US-99.A~ELEC.GEN.DPV-US-99.A&columnchart=ELEC.

GEN.ALL-US-99.A&map=ELEC.GEN.ALL-US-99.A&-

freq=A&start=2001&end=2020&ctype=linechart&l-

type=pin&rtype=s&maptype=0&rse=0&pin=.

5  Solar: U.S. Energy Information Administration, 

Electricity Data Browser, accessed 15 August 2021 at https://

www.eia.gov/electricity/data/browser/; U.S. Energy Informa-

tion Administration, State Energy Data System 2020 Update, 

downloaded 7 September 2021 from https://www.eia.gov/state/

seds/seds-data-complete.php?sid=US; wind: U.S. Energy Infor-

mation Administration, Electricity Data Browser: Net Generation 

for United States, downloaded 18 August 2021 from https://

www.eia.gov/electricity/data/browser/#/topic/0?agg=2&fu-

el=vtvv&linechart=ELEC.GEN.ALL-US-99.A~ELEC.GEN.

COW-US-99.A~ELEC.GEN.PEL-US-99.A~ELEC.GEN.PC-US-

99.A~ELEC.GEN.NG-US-99.A~ELEC.GEN.OOG-US-99.

A~ELEC.GEN.NUC-US-99.A~ELEC.GEN.HYC-US-99.

A~ELEC.GEN.WND-US-99.A~ELEC.GEN.SUN-US-99.

A~ELEC.GEN.GEO-US-99.A~ELEC.GEN.BIO-US-99.A~ELEC.

GEN.WWW-US-99.A~ELEC.GEN.WAS-US-99.A~ELEC.

GEN.HPS-US-99.A~ELEC.GEN.OTH-US-99.A~ELEC.GEN.

TSN-US-99.A~ELEC.GEN.DPV-US-99.A&columnchart=ELEC.

GEN.ALL-US-99.A&map=ELEC.GEN.ALL-US-99.A&-

freq=A&start=2001&end=2020&ctype=linechart&l-

type=pin&rtype=s&maptype=0&rse=0&pin=; electric vehicles: 

Alliance for Automotive Innovation, The Electric Vehicle Sales 

Dashboard, accessed 11 August 2021 at https://www.autosinnovate.

org/resources/electric-vehicle-sales-dashboard; battery storage: 

U.S. Energy Information Administration, Form EIA-860 Detailed 

Data with Previous Form Data (EIA-860A/860B), 3 June 2021, 

downloaded 14 August 2021 from https://www.eia.gov/electricity/

data/eia860/; U.S. Energy Information Administration, Prelimi-

nary Monthly Electric Generator Inventory (based on Form EIA-860M 

as a supplement to Form EIA-860), 24 June 2021, downloaded 15 

July 2021 from https://www.eia.gov/electricity/data/eia860m/.  
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