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Å To what extent  can renewable energy technologies 
commercially available today meet the U.S. electricity 
demand over the next several decades? 

Renewable Electricity Futures Motivation 
RE Capacity Growth 2000-2010 

Source: RE Data Book (DOE 2011) 
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ÅRE Futures is an analysis of the U.S. electric sector focused 
on 2050 that explores: 

1. Whether the U.S. power system can supply electricity to 
meet customer demand with high levels of renewable 
electricity, including variable wind and solar generation. 

2. Grid integration using models with unprecedented 
geographic and time resolution for the contiguous U.S. 

3. Synergies, constraints, and operational issues associated 
with a transformation of the U.S. electric sector. 

 

 

 

Renewable Electricity Futures Introduction 
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Renewable Electricity Futures Report 

REF is a U.S. DOE-sponsored collaboration with more than 110 
contributors from 35 organizations including national laboratories, 
industry, universities, and non-governmental organizations. 

Volume 1 Exploration of High-Penetration Renewable Electricity Futures 

Volume 2 Renewable Electricity Generation and Storage Technologies 

Volume 3 End-Use Electricity Demand 

Volume 4 Bulk Electric Power Systems: Operations and Transmission Planning 
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Renewable Electricity Futures Scope 

RE CǳǘǳǊŜǎ ŘƻŜǎΧΦ RE CǳǘǳǊŜǎ ŘƻŜǎ ƴƻǘΧ 

Identify commercially available RE 
generation technology combinations that 
meet up to 80% or more of projected 2050 
electricity demand in every hour of the year.  

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

Identify electric sector characteristics 
associated with high levels of RE generation. 

Fully evaluate power system reliability. 
 

Explore  a variety of high renewable 
electricity generation scenarios.  

Forecast or predict the evolution of the 
electric sector. 

Estimate the associated U.S. electric sector 
carbon emissions reductions. 

Assess optimal pathways to achieve a low-
carbon electricity system. 

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

Conduct a comprehensive cost-benefit 
analysis. 

Illustrate an RE-specific pathway to a clean  
electricity future to inform the development 
of integrated portfolio scenarios that 
consider all technology pathways and their 
implications. 

Provide a definitive assessment of high RE 
generation, but does identify areas for 
deeper investigation. 
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Modeling Framework 

Technology cost & 
performance 
Resource availability 
Demand projection 
Demand-side 
technologies 
Grid operations 
Transmission costs 

Black & Veatch 

Technology Teams 

Flexible Resources 

End-Use Electricity 

System Operations 

Transmission 

ABB inc. 
GridView 

(hourly production cost) 

rooftop PV 
penetration 

2050 mix 
of generators 

does it balance 
hourly? 

Implications 
GHG Emissions 

Water Use 
Land Use 

Direct Costs 

Capacity & Generation  
2010-2050 
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Scenario Framework 
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General Assumptions 

Å Energy Efficiency: Most of the scenarios assumed significant adoption of energy efficiency 
(including electricity) measures in the residential, commercial, and industrial sectors. 

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

Å Grid Flexibility: Most scenarios assumed improvements in electric system operations to enhance 
flexibility in both electricity generation and end-use demand, helping to enable more efficient 
integration of variable-output renewable electricity generation. 

Å Transmission: Most scenarios expanded the transmission infrastructure and access to existing 
transmission capacity to support renewable energy deployment. Distribution-level upgrades were 
not considered.  

Å Siting and Permitting: Most scenarios assumed project siting and permitting regimes that allow 
renewable electricity development and transmission expansion with standard land-use exclusions. 
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Renewable Resources and Technologies 

Å Only currently commercial technologies were modeled (no EGS, ocean, floating wind) 
with incremental and evolutionary improvements. 

Å RE characteristics including location, technical resource potential, and grid output 
characteristics were considered. 

 

Biopower ~100 GW 

Solar CSP ~37,000 GW 

Geothermal ~36 GW 

Hydropower ~200 GW 

Solar PV ~80,000 GW 
(rooftop  PV ~700 GW) 

Wind ~10,000 GW 

ωStand-alone 
ωCofired with coal  

ωTrough 
ω¢ƻǿŜǊ 

ωHydrothermal 

ωRun-of-river 

ωwŜǎƛŘŜƴǘƛŀƭ 
ω/ƻƳƳŜǊŎƛŀƭ 
ωUtility-scale 

ωOnshore 
ωOffshore fixed-bottom 

 
With thermal 
storage 



Key Results 

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

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 2050τwhile meeting electricity demand on an 
hourly basis in every region of the country. 
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Geothermal

Biomass

Natural Gas

Coal

Nuclear

Variable 
Generation

Renewable generation resources could adequately supply 80% of total U.S. 
electricity generation in 2050 while balancing hourly supply and demand 

Baseline scenario 80% RE-ITI scenario 

RE-ITI scenarios 
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All regions of the country could contribute substantial renewable 
electricity supply in 2050 

80% RE-ITI scenario 


