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Renewable Electricity Futures Motivation

RE Capacity Growth 2000-2010 2010 Electricity Generation Mix
160
140 CSP 0.03% PV 0.08%
5 120 +—m— — Wind 2.3% Nuclear
2100 T B ey Gecgzeo;ma' [ 20%
® —— mCcSsP e Biomass
§ 80 + — - Wind 1.4%
E 60 M Geothermal
2 Biomass
c 40 T = -
- Hydropower Hydropower
6.29
20 ' % Natural Gas
o ! L | & Oil 25%
o o
o -
o o
N N
Source: RE Data Book (DOE 2011) Source: Renewable Electricity Futures (2012)

A To what extent can renewable energy technologies
commercially available today meet the U.S. electricity
demand over the next several decades?
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Renewable Electricity Futures Introduction

A RE Futures is an analysis of the U.S. electric sector focused
on 2050 that explores:
1. Whether the U.S. power systerman supply electricity to

meet customer demandavith high levels of renewable
electricity, including variable wind and solar generation.

2. Grid integration using models withunprecedented
geodraphic and time resolutiofor the contiguous U.S.

3. Synerqgies, constraints, and operational issuassociated
with a transformation of the U.S. electric sector.
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Renewable Electricity Futures Report

Volume 1 Exploration of HigRenetration Renewable Electricity Futures

Volume 2 Renewable Electricity Generation and Storage Technologies

Volume 3 EndUse Electricity Demand

Volume 4 Bulk Electric Power Systems: Operations and Transmission Pla

REF is a U.S. D@ponsored collaboration with more than 110
contributors from 35 organizations including national laboratories,
Industry, universities, and nofgovernmental organizations.
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Renewable Electricity Futures Scope
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ldentify commercially available RE

generation technology combinations that
meet up to 80% or more of projected 205C
electricity demand in every hour of the yeé

Consider policies, new operating
procedures, evolved business models, or
market rulesthat could facilitate high levels
of RE generation.

|dentify electric sector characteristics
associated with high levels of RE generati

Fullyevaluate power system reliability.

Explore a variety of high renewable
electricity generation scenarios.

Forecast or predict the evolution of the
electric sector.

Estimate the associatdd.S. electric sector
carbon emissions reductions.

Assess optimal pathways to achieve a-{ow
carbon electricitysystem.

Explore a select number of economic,
environmental and social impacts.

Conduct a comprehensive cds¢nefit
analysis.

lllustrate anREspecific pathway t@ clean
electricity futureto inform the development
of integrated portfolio scenarios that
consider all technology pathways and thei

implications.

Providea definitive assessment bigh RE
generation, but does identifgreas for
deeper investigation.
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Modeling Framework
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Scenario Framework
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General Assumptions
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A Energy EfficiencyMost of the scenarios assumed significant adoption of energy efficiency
(including electricity) measures in the residential, commercial, and industrial sectors.

A Transportation Most of the scenarios assumed a shift of some transportation energy away from
petroleum and toward electricity in the form of plg hybrid or electric vehicles, partially
offsetting the electricity efficiency advances that were considered.

A Grid Flexibility Most scenarios assumed improvements in electric system operations to enhance
flexibility in both electricity generation and engse demand, helping to enable more efficient
integration of variableoutput renewable electricity generation.

A TransmissionMost scenarios expanded the transmission infrastructure and access to existing
transmission capacity to support renewable energy deployment. Distribidéesl upgrades were
not considered.

A Siting and PermittingMost scenarios assumed project siting and permitting regimes that allow
renewable electricity development and transmission expansion with standardusadxclusions.
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Renewable Resources and Technologies
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A Only currently commercial technologies were modeled (no EGS, ocean, floating wind)

with incremental and evolutionary improvements.

A RE characteristics including location, technical resource potential, and grid output
characteristics were considered.
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Key Results

Renewable Electricity Futures Study (2012). Hand, M.M.; Baldwin, S.; DeMeo, E.; Reilly, J.M.; Mai, T.; A
D.; Porro, G.; Meshek, M.; Sandor, D., editors. Lead authors include Mai, T.; Sandor, D.; Wiser, R.; Heat
Augustine, C.; Bain, R.; Chapman, J.; Denholm, P.; Drury, E.; Hall, D.; Lantz, E.; Margolis, R.; Thresher,
Hostick, D.; Belzer, D.; Hadley, S.; Markel, T.; Marnay, C.; Milligan, M.; Ela, E.; Hein, J.; Schneider, T.




A Transformation of the U.S. Electricity Syste
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Source: Renewable Electricity Futures (2012)

RE generation from technologies that are commercially available
today, in combination with a more flexible electric system, is
more than adequate to supply 80% of total U.S. electricity
generation in 2050 while meeting electricity demand on an
hourly basis in every region of the country.
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Renewable generation resources could adequately supply 80% of total U.S.
electricity generation in 2050 while balancing hourly supply and demand

1,600 m Storage 100% Wind
1400 B onrarewing %% Y
[ ] 280%
= 1,200 | . - || | | Rooftop PV 5 o
% 000 ___ = = Utility PV £70% CSP
> p— - . 1 1 1 1 = m=cspP 7,60% Hydropower
= T — Hydropower
800 H—__— — — — — — ydrop 0
g. . - - m Geothermal 850& -Geothermal
S 600 Ded. Biomass Sa0% ;
=] || —_— e 2 Biomass
% el H BE EH H H B ==  =Cofire Biomass ©30%
i o Natural Gas 920% Natural Gas
£ 200 - —  mCofire Coal §10°/ . Cogl
m Coal = 0 O oal
0 o 0o
W O w & @ @ N @ ® © =Nuclear o % w w & o o < oo <« ENuclear
2 S ] < 2 < Q ] oo QD Q Q Q Q Q Q Q
o = = = = = = = REITI scenarios @ S S S = s S = =M= \/ariable
5 s P Fad s Fal s P = X Py Py Py Py Y T .
o m m m m m m m 2 m m m m m m m Generation
PercentRE Percent RE
- 00, BASEliNe scenario .00, 80% RHTI scenario
Wind Wind
S I [ —
S 4,000 = TTTTTTTTT — PV E4,ooo e T — PV
ey L ————— T CSP 2 m— CSP
) ©
E E Hyd
S 3,000 - Hydropower 2 3000 | yaropower
[ mmm Geothermal o mmmm Geothermal
© ©
% Biomass % Biomass
= 2,000 < 2000
% ’ Natural Gas % Natural Gas
%  Coal % mmmm Coal
g 1,000 —yclear g 1,000 s Nuclear
< <
..... Load -=-==-Load
0 0
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
Year Year

NATIONAL RENEWABLE ENERGY LABORATORY WWW.NREL.GOV/RE_FUTURES



All regions of the country could contribute substantial renewable
_electricity supply in 2050

80% RHTI scenario
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