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BACK TO THE SUBJECT AT HAND: 
Mitigation of Carbon Through RETs
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2007 U.S. Carbon Emissions by Sector



Six Primary Means for Reducing 
Electric Sector Carbon Emissions

• Reduce Electricity Use
• Switch from Coal to Gas Power
• Improve Generator Efficiency
• Adopt Carbon Capture and Sequestration
• Build New Nuclear
• Build More Renewables



Primary Issues With Renewable 
Electric Technologies

• Costs
• Resource Variability (Intermittency)
• Transmission Requirements
• Environmental Considerations



Power Generation Costs

• DOE’s Annual Energy Outlook 2009 
Reference Case fuel prices

• No carbon cap/tax, no PTC, no ITC. 



Wind and Solar Resource 
Variability

• Issues
– Non dispatchability

– Uncertainty

• Impacts
– Capacity value
– Curtailments (surplus)

– Ancillary services required, e.g. operating reserves
– Transmission costs
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How Well Could Photovoltaics
Match Loads in Texas?

Simulated 16 GW of PV 
generating 11% of load at 
9 sites spread 
uniformly around Texas 
and compared generation 
with load
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How Well Could Photovoltaics
Match Loads in Texas? (2)
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Mitigating Renewable Energy 
Resource Variability

• Backup Power

• Storage

• Diversification of sites

• Use base-load renewables



How Well Could Wind Generation
Match Loads in the West?

Results from Optimizing Wind and PV Sites to
Match Loads in the WECC

80% Wind & PVOnly Wind & PV

Surplus
Wind

ShortfallIn generation



80% Wind & PV 60% Wind & PV

How Well Could Wind Generation
Match Loads in the West? (2)



Mitigation of Carbon Emissions Through 
Renewable Electric Technologies

What is the Question?

How much carbon could renewables displace?What would it cost to use renewables to displace carbon 
in the electric sector?

WRONG QUESTION

In some ways, a much more difficult question requiring market 
simulation

- Demand growth
- Future fuel prices 
- Technology cost/performance improvements
- Policy changes
- Market forces

NREL has developed such a market simulation capability



ReEDS Model
(Regional Energy Deployment System Model)

(www.nrel.gov/analysis/reeds)

• A multi-regional, multi-time-period model of capacity 
expansion in the electric sector of the U.S . 

• Designed to estimate market potential of renewable 
energy in the Lower 48 electric sector for the next 20 
to 50 years under different technology development 
and policy scenarios
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ReEDS Regions
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RE Resources in ReEDS

GEO

BIO

CSP

WIND



National Renewable Energy Laboratory                            Innovation for Our Energy Future19

� ���������
�� ��!������"����#������������$���%�$�&' #�(
�������

� ��������
������)��������

�$�&�����������
�

Storage in ReEDS



General Characteristics of ReEDS
• Linear program cost minimization for each of 23 two-year periods 

from 2006 to 2050

• All major power technologies – hydro, gas CT, gas CC, 4 coal 
technologies (w/wo sequestration), nuclear, gas/oil steam, wind, 
CSP, biopower, geothermal

• Sixteen time slices in each year: 4 daily and 4 seasons (plus one 
super-peak slice)

• Major inputs – future electric demands and fuel prices by region

• Simple elasticities provide demand and fossil fuel price response 

• 5 levels of regions – RE supply, power control areas, RTOs, NERC 
areas, Interconnection areas

• Existing and new transmission lines

• State-level incentives

• 5 wind classes (3-7), onshore and offshore shallow and deep with 
capacity factors by type, class and time of year

• Stochastic treatment of wind resource variability – planning 
reserves, operating reserves, curtailments



Results from Two Studies

• 20% Wind Energy by 2030
www.20percentwind.org

• Wind Energy in the Mitigation of Carbon 
Emissions

WindPower 2009 Presentation



20% Wind Energy By 2030 Study:
(www.20percentwind.org)

Wind Energy Deployment Scenario



Resulting 2030 Generation Mix



Footnote: Based on the perspectives of industry 
experts and near-term wind development plans, wind 
capacity in Ohio was modified and offshore wind 
development in Texas was included. 

46 States Would Have Substantial Wind Development b y 2030





Direct Electric System Cost
20% Wind Scenario Costs 2% More



SECOND STUDY: Wind Energy in the 
Mitigation of Carbon Emissions

WindPower 2009 Presentation
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ReEDS Model Results:
Capacity in the Carbon Cap Study
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ReEDS Model Results: Generation in the 
Carbon Cap Study



ReEDS Model Results: Electricity Prices 
in the Carbon Cap Study



Carbon Cap: Map of 2050 RE Capacity
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Carbon Cap: Map of 2050 Wind Capacity



What if we bar offshore wind in SE?



No Southern Offshore Wind: Generation
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Carbon Cap: Generation
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No CCS Technologies: Generation





Ongoing ReEDS Projects

• Waxman-Markey Bill analysis
• Renewable Electricity Futures Study (up 

to 80% renewable generation)
• 20% Solar generation analysis
• Hydro capacity expansion value 

analysis
• Super-grid value analysis 
• CSP with and without storage analysis



Thank you!
Questions?
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Conventional Generators in ReEDS
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Load Requirements

Initial Gen Capacities

Technology Cost/ 
Performance Forecasts

Resource data

Transmission Data

State/Federal 
Rules/Incentives

System Requirements

Economic Assumptions

Region Definitions

Time-slice Definitions

Fuel Demand Forecasts

Electricity Price 
Forecasts

Fuel price forecasts

Installed Capacity

Fuel Prices

Technology Cost/ 
Performance Data

Wind Variability 
Parameters

New Generating 
Capacity

Dispatch

Loads and load growth

New Transmission 
Capacity

Electricity Price

Fuel Usage

Transmission 
Requirements

2-year
ReEDS 

Optimization

ReEDS Processing


