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AEO2020 Electricity use growth rate
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—WITH INCREASES OCCURRING ACROSS ALL END-USE SECTORS

Although near-term electricity demand may fluctuate as a result of year-to-year changes in weather, trends in long-term demand tend to
be driven by economic growth offset by increases in energy efficiency. The annual growth in electricity demand averages about 1%
throughout the projection period (2019-2050) in the AEO2020 Reference case.

Historically, although the economy has continued to grow, growth rates for electricity demand have slowed as new, efficient devices and

production processes that require less electricity have replaced older, less-efficient appliances, heating, ventilation, cooling units, and
capital equipment.

02020 High Economic Grow’rh and Low Economic Growth cases vary the most from the
0.3 percentage points faster on average, and electricity use in the




AN INCREASING SHARE OF TOTAL ELECTRICITY DEMAND IS MET WITH CUSTOMER-

OWNED GENERATION, INCLUDING ROOFTOP SOLAR PHOTOVOLTAIC

Electricity generation, end-use solar photovoltaic share (AEO2020 Reference case)
billion kilowatthours percent share
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—ALTHOUGH THE RESULTS ARE SENSITIVE TO NATURAL GAS RESOURCE AND PRICE
ASSUMPTIONS

Because of declining capital costs and higher renewable portfolio standards (RPS) targets in some states, AEO2020 projects that

the relatively sharp growth in renewables seen during the past 10 years will continue through the projection period. Total

renewable generation exceeds natural gas-fired generation after 2045 in the AEO2020 Reference case. Renewable generation
faster than overall electricity demand.

ine through the mid-2020’s as a result of retirements, generation from these
emain in service. At projected Reference case
: in the later projection




AEO2020 overnight installed cost by technology
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CHANGES IN COST ASSUMPTIONS FOR NEW WIND AND SOLAR PROJECTS RESULT IN
SIGNIFICANTLY DIFFERENT PROJECTED FUEL MIXES FOR ELECTRICITY GENERATION
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EXPECTED REQUIREMENTS FOR NEW GENERATING CAPACITY WILL BE MET BY
RENEWABLES AND NATURAL GAS IN THE AEO2020 REFERENCE CASE—
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—AS A RESULT OF COMPETITIVE NATURAL GAS PRICES AND DECLINING COSTS FOR
RENEWABLES

In the AEO2020 Reference case, the United States adds 117 gigawatts (GW) of new wind and solar capacity between 2020 and
2023, which is the result of tax credits, increasing RPS targets, and declining capital costs.

New wind capacity additions continue at much lower levels after production tax credits expire in the early 2020s, but the growth
in solar capacity continues through 2050 for both the utility-scale and small-scale applications because the cost of solar PV

he projection period.

throughout the projection period to meet rising
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AEO2020'S LONG-TERM TRENDS IN ELECTKICITY GENERATION ARE DOMINATED BY SOLAR AND NATURAL
GAS-FIRED CAPACITY ADDITIONS; COAL, NUCLEAR, AND LESS EFFICIENT NATURAL GAS GENERATORS
CONTRIBUTE TO CAPACITY RETIREMENTS

AEO2020 cumulative electricity generating capacity additions and retirements (2020-2050)
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02020, ERENC _ASEEL _TRICITY PRICES F. .LSLIGE .Y; DEC {ING
GENERATION COSTS ARE OFFSET BY RISING TRANSMISSION AND DISTRIBUTION
COSTS
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AEO2020 levelized cost of electricity and levelized avoided cost of electricity by technology and region,

2025
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—WHEN CONSIDERING THE OVERALL COST TO BUILD AND OPERATE AND THE VALUE
OF THE PLANT TO THE GRID

The levelized cost of electricity (LCOE) reflects the cost to build and operate a power plant per unit of generation, annualized over a cost

recovery period. When compared with the levelized avoided cost of electricity (LACE), or expected average revenue realized by that
plant, we can estimate the economic competitiveness for that generating technology.

The solid, colored circles on the figure indicate that prOJec’rs tend to be built in regions Where revenue (LACE) exceeds costs (LCOE).

Infhe

AEO2020 Reference
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« ASHORE .IND WIL. SECOM. AORE COMPETITy. - OVER .. .AE, Wh.__
NATURAL GAS-FIRED COMBINED-CYCLE AND SOLAR PHOTOVOLTAIC
MAINTAIN THEIR CURRENT COMPETITIVE POSITIONS—




—AS LCOE DECLINES THROUGH LEARNING-INDUCED COST REDUCTIONS AND LACE
INCREASES WITH RISING DEMAND AND NATURAL GAS PRICES

Changes in AEO2020 electricity generation costs over time reflect a number of factors, sometimes working in different directions.
For both solar photovoltaic (PV) and onshore wind, LCOE increases in the near term with the phase-out and expiration of the
investment tax credit (ITC) and PTC, respectively. However, LCOE eventually declines over time because technological
improvements tend to reduce LCOE through lower capital cost or improved performance (as measured by heat rate for natural
gas combined-cycle plants or capacity factor for onshore wind or solar PV plants), partly offsetting the loss of the tax credits.

online years of 2025 and 2040 in the AEO2020 projection have similar LCOE because
ild patterns throughout the projection years across all regions.
=rations and in maintenance costs for
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—BUT ITS PENETRATION RATE DIFFERS BY REGIONAL RESOURCE AND GENERATION MIX

The AEO2020 projects that generation from renewable sources will rise from 18% of total generation in 2018 to 38% by 2050 in the Reference
case. Solar photovoltaic (PV) contributes the most to the growth in renewable generation, increasing from 13% of total renewable
generation in 2018 to 46% by 2050. Although onshore wind generation more than doubles during the projection period, its share of
renewable generation declines slightly from 37% to 29% between 2018 and 2050.

olar PV generation grows the most in Sou’rheos’r cnd Mid-Continent regions in nearly all cases. On overage these two regions have higher-

vind capacity between 2018 and 2050.




Growth in utility-scale battery storage in AEO2020 follows growth in solar in
MOost regions in high renewable penetration scenarios—
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—BUT DOES NOT BENEFIT FROM WIND GROWTH, WHICH HAS MORE UNPREDICTABLE
GENERATION PATTERNS

The AEO2020 Reference case projects that the United States will have 17 GW of battery storage capacity in 2050. Storage

capacity takes advantage of tfimes when an oversupply of electricity occurs, which generally happens in areas that have a high
penetration of non-dispatchable renewable resources such as wind and solar. Limitations in the time a battery can store

electricity make batteries more suitable for solar, which has more predictable generation patterns than wind.

is available, fill the gap. CTs in the West region are also




EveEN WITH ReCENT INCRoASES IN SEv eRAL STATES' RENEWADLLE PORTFOULIO STANLARDS,

RENEWABLE GENERATION THAT EXCEEDS REQUIREMENTS ALLOWS FOR FULL COMPLIANCE IN
THE AEO2020 REFERENCE CASE BY 2050

AEO2020 Reference case
projected total generation from compliant technologies,
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LOWER NATURAL GAS PRICES THROUGHOUT THE AEO2020 PROJECTION PERIOD
ACCELERATE NUCLEAR CAPACITY RETIREMENTS—
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—AS A RESULT OF DECLINING REVENUE IN COMPETITIVE WHOLESALE POWER MARKETS

The AEO2020 Reference case projects a 19% decline in nuclear electric generating capacity from 98 GW in 2019 to 79 GW in
2050. No new plant additions occur beyond 2022, and existing plants have 2 GW of uprates starting in 2022.

ear retirements are driven by declining revenues that result from low growth in electricity load and from increasing
jas and declining-cost renewables. Smaller, single-reactor nuclear plants with higher average
oerating in regions with deregulated wholesale power markets and
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COAL-FIRED GENERATING CAPACITY RETIRES AT A FASTER PACE THAN TOTAL
GENERATION IN THE AEO2020 REFERENCE CASE—

2019 2019
history  projections history  projections

Coal-fired it
oal-fired capacity Low Oil and Gas Supply

Low Oil and Gas Supply

Coal-fired genero’rik

—

2000 2010 2020 2030 2040 2050




AS CAF. _CITY FAC . ORS INC. -ASE FOR THE MC ..c EFFIC,_T COA_ rFIRED
UNITS THAT REMAIN IN SERVICE

In addition to decreases as a result of competitively priced natural gas and increasing renewables generation, coal-fired
generating capacity decreases by 109 GW (or 46%) between 2019 and 2025 to comply with the Affordable Clean Energy (ACE)
rule before leveling off near 127 GW in the AEO2020 Reference case by 2050.

Average capacity factors for coal-fired generating units improve over time as less-efficient units are retired, as heat rates in the

Reference case while natural gas prices increase. By 2030,
in the early 2000s. In the High Qil
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COAL PRODUCTION DECREASES 1HROUGH 2025 DUE 10 RETIRING COAL-FIRED
ELECTRIC GENERATING CAPACITY, BUT FEDERAL RULE COMPLIANCE AND HIGHER
NATURAL GAS PRICES LEAD TO COAL PRODUCTION LEVELING OFF AFTERWARDS
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L _WER OPL. . ATING C_ LTS AND , SHER EFFICIENCIES ..cSULT IN . .OVANC.__ NATUR, ._
GAS-FIRED COMBINED-CYCLE CAPACITY FACTORS OF 80% BY 2030 IN THE AEO2020
REFERENCE CASE—
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percent

new multi-shaft combined-cycle

(natural gas)

new single-shaft and existing

combmed -cycle (natural gas)
and natural gas steam




—BUT THEN DECLINE OVER TIME AS NATURAL GAS PRICES INCREASE AND RENEWABLE
GENERATION GROWS

Lower natural gas prices and reduced capital costs for new natural gas-fired combined-cycle generating units change fossil fuel
electric generation use during the next decade in the AEO2020 Reference Case. Beginning in 2022—the first year of availability—

new, multi-shaft (2 x 2 x 1 configuration) combined-cycle natural gas-fired units have the highest projected capacity factors of all
technologies, averaging 81% between 2025 and 2035. The currently most common combined-cycle units, with their lower
efficiency, and the new single-shaft (1 x 1 x 1 configuration) combined-cycle units decline in utilization as a group, from 56% in

ine gradually, in part because large increases in
ired generation.
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