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Foreword (excerpted from foreword in full report
(excerp port) =

By John P. Holdren

Professor in the Kennedy School of Government, Department of Earth and Planetary Sciences, and John A. Paulson School of Engeering and Applied Science at
Harvard University; formerly (2009 -2017) Science Advisor to President Obama and Director of the White House Office of Science ath Technology Policy.
December 11, 2020

Long after the terrible challenge of the COVID-19 pandemic has finally been surmounted and (one may hope) greatly improved prepaations for inevitable future
pandemics have been put in place, the climatechange challenge will be marchingonasthe2¥c ent ur yés most dangerous and intrac

It is the most dangerous of threats because the growing human disruption of climate that is already far along puts at risk practically every aspect of our material well-
beingd our safety, our security, our health, our food supply, and our economic prosperity (or, for the poor among us, the prospects for becoming prosperous).

It is the most intractable of threats because it is being driven, above all, by emissions of carbon dioxide originating from combustion of the coal, oil, and natural gas
that still supply eighty percent of <civilizationos p guitefiendaypnentlreasons,ythe shards obeledricity s i
and nonelectric energy provided by these fossil fuels cannot be very rapidly reduced, nor can their emissions be easily or iexpensively captured and sequestered away
from the atmosphere. é

It has been clear for two decades or more that, for the industrialized countries to do something approaching a responsible share of a global effort to limit the average
surface temperature increase to 2.0°C, they would need to reduce their emissions of heattrapping gases by 80 to 100 percent by around 2050. Each year that has pased
without countries taking steps of the magnitude needed to move expeditiously onto a trajectory capable of achieving such a gal has increased the challenge that still lies
ahead.

At the same time, observations of actual harm from climate change and a continuing flow of bad news from climate science abou likely future impacts has increased
the sense of urgency in the knowledgeable community, while continuing advances in energy technology have engendered a degre® optimism about what emission
reductions might be possible and affordable. The result has been an increasing flow of (mostly) increasingly sophisticated madeling studies of how emissions of CQ and
other heat-trapping gases might be reduced to near zero by 2050. In the United States, such studies have been conducted by thederal government (not always
published), by the National Academies, by national laboratories, by companies, by universities, by NGOs, and by consortia.

| believe that this Princeton Study, Net Zero America: Potential Pathways, Infrastructure, and Impacts , sets an entirely new standard in this genre. The superb
Princeton teama led by Eric Larson, Jesse Jenkins, and Chris Grei@ has done an absolutely remarkable amount of new work, develophng new models and new data to
provide an unprecedented degree of clarity and granularity about possible pathwaystomid-c ent ury A net z e r Théy hdveanalyzed technologicalnt r vy .
possibilities, as currently wunderstomanefiintgrefatr ecd ae d ;\.hrtidna airspdilidants wrerndtssih i fieliaem t
is reduced; they have examined the employment consequences of alternative trajectories; and, perhaps most importantly, theyhave called attention to the most
i mportant areas where policy measures are needed t o enhanaodeunderstahdingggeow.er ve t he

None of the Princeton scenarios wil/ prove to be Ar i ghitward. Everytodytserigusiytirieeestedinh e y
the cruci al guest i onclintate futturb @ not least thbemew BidéndHarms mdminigtsation 0 needs to understand the findings of this extraordinary study .

RETURN TO TABLE OF CONTENTS




Preface and Acknowledaments
9 =

This Net Zero America study aims to inform and ground political, business, and societal conversations regarding what it would take for the U.S. to achieve an
economy-wide target of net-zero emissions of greenhouse gases by 2050. Achieving this goal, i.e. building an economy that emitao more greenhouse gases into
the atmosphere than are permanently removed and stored each year, is essential to halt the buildup of climatewarming gases in the atmosphere and avert costly
damages from climate change. A growing number of pledges are being made by major corporations, municipalities, states, and ational governments to reach net
zero emissions by 2050 or sooner. This study provides granular guidance on what getting to netzero really requires for the U.S. and on the actions needed to
translate these pledges into tangible progress.

The work outlines five distinct technological pathways, each of which achieves the 2050 goal and involves spending on energyn line with historical spending as a

share of economic activity, or between46 % of gross domestic product. The aut hdthedinalpathethe magiantakea | as t
will no doubt differ from all of these. A goal of this study is to provide confidence that the U.S. now has multiple genuine paths to net-zero by 2050 and to provide a
blueprint for priority actions for the next decade. These priorities include accelerating deployment at scale of technologie s and solutions that are mature and

affordable today and will return value regardless of what path the nation takes to net zero in the longer term, as well as aset of actions to build key enabling

infrastructure and improve a set of less mature technologies that will help complete the transition to a net -zero America.

With multiple plausible and affordabl e pathways avail ab lsen,the thhiees tsemationeandatd c on v e
myriad stakeholders wish to make to shape the transition to net-zero. These conversations will need to be sensitive to the diférent values and priorities of diverse
communities. That requires insight on how the nation will be reshaped by different paths to net -zero, and the benefits, costs, ad challenges for specific locations,

industries, professions, and communities. Supporting these decisions requires analysis at a visceral, human scale.

The original and distinguishing feature of this Net Zero America study is thus the comprehensive cataloging across all major sectors at high geospatial and temporal
resolution of the energy infrastructure deployments and related capital expenditures required for a net -zero transition. This granularity allows assessing the
implications for land use, employment, air pollution, capital mobilization, and incumbent fossil fuel industries at state and local levels. The high resolution analysis
is aimed at helping inform federal and state policy choices and private-sector decision making in support of a transition to net -zero by 2050.

During the 2+ year research effort, the authors had many informative discussions with individuals in environmental research a nd advocacy organizations, oil and
gas companies, renewable energy companies, national labs, industry trade organizations, universities, and elsewhere. The atiors thank those individuals for their
time and interest. The authors also thank the hundreds of stakeholders who have attended briefings where preliminary study results were presented. The feedback
received as a result of those briefings have helped shape the contents of this report. Of course, any errors or omissions ithis study are the responsibility of the
authors alone, as are any views or recommendations expressed herein.

For funding support, the authors thank the Andlinger Center for Energy and the Environment, BP and the Carbon Mitigation Init iati ve wi t hi n Princetc
Meadows Environmental Institute, ExxonMobil, and the University of Queensland.
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Synopsis

This study provides high-resolution analysis of what gettingtonet-z er o e mi ssi ons for the U.
groundo and thereby cl| arintheipersuitadthatgoalf i ¢ acti ons needed

Using state-of-the-art modeling tools, five different technologically and economically plausible energy -system pathways for
the U.S. to reach netzero emissions by 2050 areconstructed. The model results are then further refined to provide highly -
resolved mapping, sector-by-sector, of the timing and spatial distribution of changes in energy infrastructure, capital
investment, employment, air pollution, land use, and other key outcomes at a state and local level.

We find that each net-zero pathway results in a net increase in energysector employment and delivers significant
reductions in air pollution, leading to public health benefits that begin immediately in the first decade of the transition. We
also conclude that a successful netzero transition could be accomplished with annual spending on energy that is
comparable or lower as a percentage of GDP to what the nation spends annually on energy today. However, foresight and
proactive policy and action are needed to achieve the lowestcost outcomes.

Building a net-zero America will require immediate, large -scale mobilization of capital, policy and societal commitment,
including at least $2.5 trillion in additional capital investment ( relative to business as usual) into energy supply, industry,
buildings, and vehicles over the next decade. Consumers will pay back this upfront investment over decades, making the
transition affordable (total annualized U.S. energy expenditures would increase by less than 3% during 2021-2030), but
major investment decisions must start now, with levels of investment ramping up as the transition proceeds.

Each transition pathway features historically unprecedented rates of deployment of multiple technologies. Impacts on
landscapes, incumbent industries and communities are significant and planning will need to be sensitive to regional
changes in employment and local impacts on communities.
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Project motivation, objectives, and approach

A A growing number of governments and companies are pledgingnet-zero emissions by 2050. For the US as a wholéo
achieve thisr equi res el iminating or offsettldygayg t odayds emissi on

A There is adearth of analysis for understanding requirements, costs, and impacts of this transition.

A The goal of this study is to help fill this gap by providing insights at visceral, human scales of how the nation will look
as it transitions to net-zero emissions and the localized benefits, costs, and impacts for different industries,
professions, and communities. The analysis aims to inform debates on public and corporate policiesneeded to
support a transition to net -zero emissions economy wide, butspecific policy recommendations are not offered.

A Energy service demands projected to 2050 by the EIA for 14 regions across the continental US provide the starting
point for modeling. Five different pathways, each of which achieves net-zero emissions by 2050, are constructed for
meeting these demands by applying varied exogenous constraints in addition to the netzero emissions constraint.

A End-use technologies to meet service demands are exogenously specified in-$ear time steps to determine final
energy demands that must be delivered by the energy supply system.

A Pathways to netzero emissions by 2050 are constructed by finding the energy supply mix that meets the final-
energy demands and minimizes the 30-year NPV of total energy-system costs, subject to the exogenous
constraints. The model has perfect foresight and seamless integration between sectors.

AThese modeling results are fidownscal e dstatd geogsaphiegto quantiiyar i et vy
local plant and infrastructure investments, construction activities, land -use, jobs, and health impacts, 2020 - 2050.

A Methodologies are detailed in 18 technical annexes to the final report.
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Energy/industrial pathways analytical framework

Demand for energy EnergyPATHWAYS
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* RIO minimizes n et-present value of supply-side costs over the life of the
transition, with perfect foresight and seamless crosssectoral integration
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Five scenarios constructed to highlight implications of different
pathways for the US economy to reach netzero emissions by 2050 |

Assumptions regarding energy-demand and energy-supply technology options available in the future were
varied to develop 5 distinct net-zero scenarios(or pathways). The pathways help highlight the role of three
key elements in energy-system transitions: 1) extent of end-use electrification in transport & buildings,

2) extent of solar & wind electricity generation, and 3) extent of biomass utilization for energy. Each of the

5 scenarios has its own shorthand label used in presenting results:

E+ Assumes aggressive enelise electrification, but energy-supply options are relatively unconstrained
for minimizing total energy -system cost to meetthe goal of net-zero emissions in 2050
E- Less aggressive eneuse electrification, but same supply-side options as E+

E- B+  Electrification level of E -; Higher biomass supply allowed to enable possible greater biomassbased
liguid fuels production to help meet liquid fuel demands of non -electrified transport

E+ RE - Electrification level of E+; On the supply -side, RE (wind and solar) rate of increase constrained to
35 GW/y (~30% greater than historical maximum single-yearrecord). More CO, storage allowed to
enable the option of more fossil fuel use than in E+

E+ RE+ Electrification level of E+; Supply -side constrained to be 100% renewable by 2050, with no new
nuclear plants or underground carbon storage allowed, and fossil fuel use eliminated by 2050.

(55 additional scenarios were modeled to test the sensitivity of different input parameters on the results.)
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Summary of high-level modeling results for net-zero pathways

A In all five cost-minimized energy-supply pathways, coal use is essentially eliminated by 2030.

A Overall, fossil fuels in the primary energy mix decline by 62% to 100% from 2020 to 2050 across scenarios. Oil and
gas decline 56% to 100%.

A In pathways with aggressive electrification (E+, E+RE -, and E+RE+) use of petroleum-derived liquid fuels declines
more rapidly than with less -aggressive electrification (E-, E-B+). Natural gas use also declines

A Oil & gas contributions in 2050 are largest in E+RE -, where fossil, nuclear, and renewables each account for about
one-third of primary energy.

A Renewable energy (primarily wind & solar power) accounts for the majority of primary energy in 2050 (60 -68%) in the
other scenarios, and supply 100% of primary energy in the case of E+RE+.

A Nucl ear power is maintained a-tonstrainedychsesy(E+t B BB+, éxpandsev el s i n
significantly when renewable energy deployment is constrained (E+RE-) and is eliminated by 2050 in a 100%
renewable energy pathway (E+RE+).

A All pathways rely on large-scale CQ capture and utilization or storage. In E+RE+, 0.7 Gt/y of CO , is captured and
utilized to synthesis liquid and gaseous hydrocarbons. In all other scenarios, more than 1Gt/y of CG, is captured with
the majority being stored in geologic formations.

A Annualized energy spending across the full 30-year transition as a fraction of GDP is similar to spending levels
experienced during recent prosperous periods, but all net-zero pathways are much more capital intensive than
historical energy sector capital spending.

High Meadows Carbon
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Energy and industrial CO, emissions are net negative by 2050 to
deliver net-zero emissions for the full economy

| REF E+ E- E- B+ E+ RE- E+ RE+ A Modeled energy/industrial system emissions
are-0.17GtCO, in 2050, supplementing the

5:0 Net energy assumed-0.85 GtCO,, provided by land
s ir::‘iggfotrré carbon sinks. Together these offset the
assumed 1.02 GtCQ, of remaining non-CQO,

4.0 GHG emissions.

7 35 A Fossil fuel emissions decline significantly,

E 50 and annual CG, sequestration in 2050

E reaches 0.91.7 GtCQ in 4 of the 5 pathways.
2.5

é I natural gas

% 2.0 " I coal

g 15 I coke

% diesel

g o " gasoline

a 05 jet fuel

&) . LPG

Il residual petroleum
industrial co2

| geologic sequestration

Carbon storage in long -lived

products is included in the

modeling, but is not shown
explicitly here.

‘2020 20502020 20502020 20502020 20502020 20502020 2050
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Primary energy mix in 2050 is

38% fossil in net-zero pathways.

Coal use all but disappears by 2030. Oil & gas down 56100%

Primary Energy Supply, EJ (HHV basis)
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Annualized energy-system costs as % of GDP for netzero pathways |

are similar to recent historical levels in prosperous economic times =
. . 14%
0 . -
Societal NPV(2% discount rate) Oil price shocks B E+ RE+
of all energy system costs 13% mE
Trillion 2018 $ 12, E- L
- b+
2020 - | 2020 - . m £t
2030 | 2050 e T
REF 94 29 0% Global financial crisis " E+ RE-
: ('
a B REF
E+ 9.7 26 O 9%
©
E- B+ 9.7 27 =
g 7
E+ RE - 9.7 26 O
e 6% E+ RE+
E+ RE+ 9.7 28 @ Energy System Cost E-
5% 0 -B+
. > Yo of GDP E-B
Annual costs shift from fuel N ( ) E+
costs to fixed costs: S 4% ot ErRE-
. . i o
annualized capltal + fixed u‘—] 3%  AREF assumes low oil & gas prices. If AEO2019 Reference case oil/gas REF
O&M payments by 2050 are 2 prices are used, NPV (2020-2050) for REF increases to 29 T$ from 22 T$.
to 4 times those for REF-. 2% A Significant reduction in exposure to oil price shocks for net-zero scenarios.
19 Alncreased exposure to inflation and cost-of-capital for capital -intensive net-
Zero scenarios.
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Physical infrastructure

‘ Land use

‘ Energy workforce

‘ Capital mobilization

‘ Air pollution and public health
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Six pillars of decarbonization are essential to support the physical
transition to net -zero in each of the five pathways

-use energy efficiency and electrification
. wind & solar generation, transmission, firm power

fuels: bioenergy, hydrogen, and synthesized fuels

CO, capture and utilization or storage

6 Reduced non -CO, emissions
G Enhanced land sinks

High Meadows Carbon
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Rapid expansion is needed, 20201 2050, across all six pillars to
achieve netzero emissions. 2050 goals for each pillar include:

1. Efficiency & Electrification 2. Clean Electricity

Consumer energy investment Wind and solar Major bioenergy industry
and use behaviors change A1.3t0 5.9 GW of solar and wind A 100s of new conversion facilities
A Light -duty EVs: 210 million (E -) to installed, up from 0.2 GW in 2020 A 620 million t/y biomass feedstock
330 million (E+) A2x to 5x todayos |t apreduciios €2 Btfyin E- B+)
A Residential heat pump heaters: 80 Nuclear H, and synfuels industries
million (E -) to 120 million (E+) AIn RE- scenario site up to 250 new A 8-19 EJ H, from biomass with CCS
Industrial efficiency gains 1-GW reactors (or 3,800 SMRs). (BECCS), electrolysis, and/or
A Energy intensity declines 1.9%/yr. A Spent fuel disposal. methane reforming with CCS
A Steel making evolves to all EAF NGCC-CCS A Largest H, use is for fuels synthesis
and direct (H,) reduced iron AIn RE-, 300+ plants (@750 MW) in most scenarios

Flexible resources

4. CO, capture & storage A Combustion turbines w/high H 6. Enhanced land sinks

Geologic storage of 0.9 1 1.7 A Large flexible loads: electrolysis, Forest management
GtCO,ly electric boilers, direct air capture A Potential sink of 0.5 to 1 GtCO,/y,
A Capture at ~1,000+ facilities A 50 - 180 GW of 6-hour batteries impacting %2 or more of all US

A 21,000 to 25,000 km interstate forest area (> 130 Mha).

CO, trunk pipeline network 5. Non -CO, Emissions Agricultural practices

A 85,000 km of spur pipelines Methane, N ,O, Fluorocarbons A Potential sink ~0.20 GtCO ,Jy if
delivering CO, to trunk lines A 20% below 2020 emissions (CO,,) conservation measures adopted
A Thousands of injection wells by 2050 (30% below 2050 REF). across 1I 2 million farms.

17 RETURN TO TABLE OF CONTENTS




Pillar 1 : Improve end-use energy productivity 1 efficiency and
electrification

A End-use efficiency improvements and electrification across all sectors are critical for reducing:

A the required build out of the energy -supply system to deliver the energy needed to meet the
given level of energy service demands.

A the demand for liquid or gaseous fuels, which are generally more difficult/costly to
decarbonize than electricity.

A In transportation and space and water heating, electrification itself provides large reductions in
final energy because electric drive trains for vehicles and electric heat pumps for heating are
intrinsically more efficient than using fuels to provide the same services.

A In industry, the annual average decline in final -energy intensity is assumed to be nearly double
that for the REF scenario. Steel production transitions to be entirely via electric arc furnaces (with
scrap steel supplemented by direct reduced iron). Electricity and hydrogen from carbon-free
sources substitute some industrial fuel uses.

A To minimize transition costs, equipment replacements are made at economic endof-life. For
long-lived assets, their next end-of-life replacement must be with a low-carbon option. Otherwise,
in the future, early retirements (and therefore stranding of assets) will be required to reach the
2050 emissions goal.

4 High Meadows Carbon
w E%{ﬁgggl?rﬁ " andlinger center Environmental Mitigation
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End-use energy productivity improves via same-fuel efficiency gains |
and via electrification; energy used for oil refining declines. =

v

REF E+ E- U.S. final -energy
80 22,000 intensity (MJ/$GDP)
= 13 EJ 7 |EJ 'frenflf iCitei ngy) 7EJ ?elf:cfﬁ:ézﬁgg) falls, 2020 to 2050:
70 s 4 (EeJe(((:)iI rgﬁnicr)lg)) 3 EJ (oil refining) 20000 A17%ly in REF
A 3.0 %ly in E+
s % 18,000 A 2.6 %lyin E-
% 60 oo  Efficiency gains in
£ 5 ’ A Most of industry
T, SRRSO e e Hes 14,000 A Buildings non -heating
} A Aviation
T v 12,000 £ Electrification  reduces
g% 2 fuel use and provides
< 35 10,000 efficiency gains in
? 20 o . ARoad transport
5 . ’ A Heating of buildings
E dielizecl oo A Some industry,
20 ’ especially iron and steel.
15 4,000 Oil refining  energy use

gasoline
10

2,000

5
0 Ipg feedstock 0

2020 2025 2030 2035 2040 2045 20502020 2025 2030 2035 2040 2045 20502020 2025 2030 2035 2040 2045 2050

19

falls from 5.4 EJ in 2020
to0to 2.3 EJin 2050 in
net-zero scenarios.

Note: All fuel values reported in this slide pack are on HHV basis.



In E+, the stock of EVs grows to 17% of all lightduty vehicles by
2030 and 96% by 2050.

2020

49 million
17%

# of EVs: 5.2 million
% of LDVs: 2%

2040

328 million
96%

204 million
64%

PRINCETON
UNIVERSITY
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Residential heat pumps grow from ~10% of the space heating stock Js
in 2020 up to 80% (E+) or 54% (E -) by 2050. =

119M units P
(80% of stock)

rd
0.0 )
0.2
0.1
0.0 ]
0.2
0.3 0.6 0 07
06 /15

- 1.1 0.3 0.4

41M units -
(29% of stock)

rd
0.0
r 0.1
0.0
0.0
0.1
0.1 0.3
- n N

21M units >
(16% of stock)

81M units
(54% of stock)
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Industrial final energy in 2050 is 15 -20% below REF despite growin
output. Electricity & H , grow; use of liquids & other gases decline.

Industry final energy use by form of energy (EJ)
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petrochemical feedstock
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TWh
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| biomass & waste

| coal & coking coal
distillate oil

I electricity
gasoline

I hydrogen

" lpg
Ipg feedstock

| other petroleum
petrochemical feedstock

| pipeline gas

 pipeline gas feedstock
steam

Note: All fuel values reported in
this slide pack are on HHV basis.
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Transitioning to net -zero at least cost relies on replacing longlived
assets with low-carbon alternatives as they reach endof-life.

A The economically optimal time for replacing physical assets is at the end of their lives.

A For some demand-side technologies, like vehicles and industrial boilers, there will be few opportunities
between now and 2050 for end-of-life replacement.

A For such longer-lived assets, their next end-of-life replacement must be with a low-carbon option.

Typical asset replacement times for various durable assets

Bulbs
Other appliances
Air conditioners & Heaters

Vehicles

Industrial boilers

2020 2030 2040 2050

' High Meadows Carbon
v Eﬂﬁgggﬁﬁ W/ andlinger center Environmental Mitigation
for energy+the environment . s
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Pillar 2: Clean electricity

To

Electricity generation is double to quadruple by 2050 in the net-zero scenarios. dean electricity is a linchpin.
Low- or no-carbon electricity roughly doubles from ~37% today to 70-85% by 2030 and hits 98-100% by 2050.

Wind and solar power play dominant roles in all pathways:
A Generation grows more than 4-fold by 2030 to supply ~%: of U.S. electricity in 4 scenarios. The 5t scenario
(E+RE-) sees a 3fold growth by 2030 to supply m of U.S. electricity.
A By 2050, wind + solar provide 85-90% of generation in E+, E-, and E-B+. They supply 44% in E+RE- and
98% in E+RE+.
A Wind and solar capacity deployment rates set new records year after year (unless constrained, as in E+RE),
with extensive deployment across the United States.

Nearly all coal-fired capacity retires by 2030 in all cases, reducing U.S. emissions by roughly 1 GtCQlyear.

Some nuclear plants are operated 80 years, except in E+RE+, where existingplants retire after 60 years and no
new construction is allowed.

A Natural gas generation declines, except in E+RE, by 2-30% by 2030, while installed capacities are +10% of the
2020 level. In E+RE -, gasfired generation grows through 2035 (up 30% from 2020) before declining to just 7%
of 2020 levels by 2050, even as total installed capacity grows to bew higher than in 2020.

A To ensure reliability, all cases maintain 500-1,000 GW of firm generating capacity through all years (compared to
~1,000 GW today); gas plants burn hydrogen blends and with declining utilization rates through 2050. When
wind and solar expansion are constrained (as in E+RE-), natural gas plants w/CO, capture and nuclear plants
expand to pick up the slack.

High Meadows Carbon
w Eﬁ%ﬁggg{?ﬁ 'J andlinger center Environmental Mitigation
for energy+the environment . s
24 & RETURN TO TABLE OF CONTENTS Institute Initiative
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Annual Generation (TWh)

Solar and wind generated electricity have dominant roles in all

net-zero pathways
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REF

E+

E- B+

E+ RE-

E+ RE+

| offshore wind
onshore wind
solar pv

[ geothermal

M hydro

[ nuclear

M gas
gas w cc

[ coal

[ biomass
biomass w cc

4,000

2020 2030 2040 2050

2020 2030 2040 2050

2020 2030 2040 2050

2020 2030 2040 2050

2020 2030 2040 2050

2020 2030 2040 2050

A Share of electricity
from carbon-free
sources roughly
doubles from ~37%
today to 70-85% by
2030 and reaches 98
100% by 2050.

A Wind + solar grows
>4x by 2030 to supply
~1% of U.S. electricity
in all cases except
E+RE-; in that case,
growth is constrained,
but still triples by
2030 to supply m of
electricity.

A By 2050, wind and
solar supply ~85-90%
of generation in E+,
E-, and E-B+. In
E+RE-, 44%; in
E+RE+, 98%.

RETURN TO

TABLE OF
CONTENTS



Annual wind and solar capacity additions are sustained over
multiple decades at historical

y -unprecedented rates

REF E+ E- E- B+ E+ RE- E+ RE+
[ offshore wind T
350 [ onshore wind L
I solar pv RE build limited
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to ~35 GW/year,

or ~1.4x historical
US single-year

record

Record single-year
additions of solar &
wind capacity (2020)
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E+: 3.2 TW of wind and solar capacity operating in 2050;

transmission capacity more than triples.

2050

Wind Solar
Capacity installed (TW)
1.67 1.50
Land used (1000 km ?2)

Total 551 38.3
Direct 5.51 34.9
Capital invested (Billion $ 2018)*

Solar - 1,488

Onshore wind 1,609 -
Offshore wind 301 -
Transmission added vs. 2020* *
Capacity (GW-km) 673,000
Increase over 2020 210%
Capital in serv(B$,,;5) 2,210

* Excludes investments associated with
2020 pre-existing capacity. Capital is for
additional capacity required to meet total
modeled wind & solar generation levels. Transmission

** Transmission expansion is mapped to Capacity (GW)
follow existing rights of way (>160 kV);
paths are indicative not definitive. Spur
lines from solar and wind projects to
substations are not shown, but are
included in GW-km and investment totals. 1
Capital in service includes capital for an additional 186
transmission expansions and fisustaini ngGWOfrOOﬂPp

'solar capacity (not

capi t al eof-lfeflire replacencknts.) shown here),
27 Population density > 100/kfn

Scenario includes

B Wind projects
M Utility -scale solar projects

Wind and solar site

capacity factors are
reflected in color
intensity: darkest
color = highest CF.
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