
1

Central Power Solar 
Opportunities in Colorado 

Mark Mehos
NREL Program Manager

Concentrating Solar Power

December 10, 2004

Discussion Outline

• CSP Overview
• DOE/WGA 1000MW Initiative and 

Recent State Interactions
• Central Station Southwest and Colorado 

Market and Siting Analysis
• Amendment 37 Central Solar Provisions 

and Colorado Development Scenarios

Parabolic Trough

Power Tower

Dish/Stirling

Concentrating 
Photovoltaics

CSP Technology Overview Central Station CSP

• The Solar Energy 
Generating Systems 
(SEGS) at Kramer 
Junction, CA

In 2002, Congress asked the Department of 
Energy to:

“develop and scope out an initiative to fulfill the goal 
of having 1000 megawatts (MW) of new parabolic 
trough, power tower, and dish engine solar capacity 
supplying the southwestern United States”

In June 2004 the Western Governors’ 
Association at their annual meeting in Santa 
Fe, resolved to diversify their energy resources 
by developing 30GW of clean energy in the 
West*, including a declaration to:

“establish a stakeholder working group to 
develop options for consideration by the 
Governors in furtherance of the 1,000 MW 
initiative”

*http://www.westgov.org/wga/policy/04/clean-energy.pdf
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Recent Interactions - California
• Met with utilities (SCE, PG&E, LADWP) and 

state energy staff (CEC, CPUC) to discuss 
utility/state interest in CSP.
– California Governor’s Energy Advisors, Joe 

Desmond/Shannon Eddy, have publicly voiced need 
to include central station power (CSP) in California’s 
energy strategy.
“Central station solar, concentrating solar power, 
should and must be able to play a valuable role in 
participating in RFP contracts”

Joe Desmond, Solar Power 2004
• Met separately with SDG&E transmission 

planning director (at NREL and in San Diego) 
to discuss potential locations for CSP in the 
Imperial Valley.

• Very recent wider CA utility support of 
1000MW concept if state can provide sufficient 
market incentives.

New Mexico CSP Task Force
• New Mexico Governor Richardson’s CSP 

Task Force is nearing completion of 
detailed feasibility study for 50MW or 
larger CSP plant.

• Feasibility study tasks include:
– Technology assessment (completed)
– State siting analysis (completed)
– Federal/State incentives analysis (completed)
– Economic impacts/required incentives analysis 

(completed last week)
– Financing (early Dec.)
– Project development models (early Jan.)

• Final report and recommendations to be 
completed in time for NM legislative 
session.

Benefits from Development

Energy
• Produce clean firm dispatchable 

power in the state
• Hedge against NG price 

increases and volatility
• Reduce or mitigate transmission

problems

Economy
• Create new jobs in rural areas
• Reduce cash outflow for 

energy
• Increase capital investment in 

the state
• Increase state GSP

Environment
• Reduce air pollutants
• Reduce greenhouse gas 

emissions

Historical On-Peak Performance

– Averaged 80% on-peak 
capacity factor from 
solar

– Over 100% with fossil 
backup

– Could approach 100% 
from solar with the 
addition of thermal 
energy storage.

Historical On-Peak Performance
For 5 Parabolic Trough Plants

SCE Summer On-Peak
Weekdays: Jun - Sep
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-  Technology Development 
42%
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• Sargent & Lundy* and 
NREL/Sandia each 
evaluated the potential 
cost reductions of CSP.

• Cost reductions for 
trough technology will 
result from deployment, 
scale and R&D 

• Cost reductions are 
accelerated with faster 
deployment schedule

Projected Costs of CSP 
Generation

* Sargent and Lundy (2003).  Assessment of Parabolic Trough and Power Tower Solar Technology Cost and 
Performance Impacts.  http://www.nrel.gov/docs/fy04osti/34440.pdf
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• Initial cost of wind power was 
high but decreased as installed 
capacity increased.

• The same trend will occur for 
CSP.

* ASSESSMENT OF PARABOLIC TROUGH  AND POWER TOWER SOLAR TECHNOLOGY COST AND PERFORMANCE FORECASTS, SL-5641 MAY 2003.

Wind Power Costs and Capacity
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CSP Costs Will Decline

Cost reductions realized by wind power 
are good examples for CSP.

What is Solar Power Worth?

Cost Targets:
7.6¢/kWh @ 25% CF
5.6¢/kWh @ 50% CF

Assumes plant gets
full capacity value

Market Price Referent (MPR)
EIA AEO2004: Pacific Region Electric Costs

Advanced Combined Cycle 
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5.6¢/kWh Advanced Combined Cycle:
- 400 MWe
- Heat Rate: 6422 Btu/kWh 
- Capital Cost: $599/kWe
- Fixed O&M: $10.34/kWyr
- Variable O&M:2.07 mil/kWh
- Burner Tip Gas Price: ~$5/MMBtu
Finance Assumptions:
- 20 year IRR @ 12%
- 15 year Dept @ 6%

Parabolic Trough Development  
Scenarios

Location: Kramer Junction
Incentives: Current California 
Deployment Assumes: 

- 90% PR in Solar Field
- 95% PR in Power Plant
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Location: Kramer Junction
Incentives: Current California 
Deployment Assumes: 

- 90% PR in Solar Field
- 95% PR in Power Plant

Competitive Range
Green Dispatchable Power

Gas Price: $5-6 /MMBtu

Future

CO Central Station Provision

• Solar percentage of RPS obligation under 
Amendment 37:
– 4% of 3% (2007-2010 )
– 4% of 6% (2011-2014 )
– 4% of 10% (2015 - )

• Resulting requirement for 2015 and beyond
– 58 TWh total retail generation
– 5.8 TWh total renewable generation
– 0.23 TWh solar generation
– 0.12 TWh potential central station
– ≈ 50 MW central station plant @CF = 0.25

Development Scenarios

• Ideal Location (Mojave Desert)
– Requires regional Southwest partnership, likely need for RECs

• Good Location (San Luis Valley)
– Local energy & economic benefits
– Transmission and plant size potential issues
– Large plant size could produce excess solar generation w/ REC 

value
• Alternative Location (Front Range)

– Unconstrained transmission serves major load centers
– Potential for hybridization w/ existing plants (CC and coal)

• Potential partnership w/ New Mexico utilities (Xcel, PNM)
– Direct transmission path?
– Use of RECs

U.S. Southwest GIS Screening 
Analysis

• Initial GIS screening 
analysis used to identify 
regions most 
economically favorable 
to construction of large-
scale CSP systems.

• GIS analysis used in 
conjunction w/ 
transmission and market 
analysis to identify 
favorable regions in four 
southwest states.

Screening Approach
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4-State Resource/GIS Analysis

Location 1

Location 1

Location 2

Location 1

Location 1

Location 2

Energy Benefits - SW Solar Energy 
Potential

Solar Land
Capacity Area

State (MW) (Sq Mi)
AZ 3,267,456 25,527
CA 821,888 6,421
NV 743,296 5,807
NM 3,025,920 23,640

Total 7,858,560 61,395

The table and map represent land that has no primary use today, 
exclude land with slope > 1%, and do not count sensitive lands. 

• Current total generation in the 
four states is over 100,000 MW.

• Planned addition of over 9000MW 
in generating capacity in the four 
states over the next 3 – 5 years, 
primarily using natural gas as fuel 
source.

Solar Energy Resource ≥ 6.75

RPS Capacity of the States
CA NV NM AZ Total

YEAR (MW) (MW) (MW) (MW) (MW)
2008 4,343 393 129 61 4,926
2010 5,648 505 172 64 6,389
2012 5,876 627 198 68 6,769
2015 6,236 779 209 73 7,297

Southwest Siting Opportunities Colorado Siting Analysis

9535 mi2 of capacity
1.2 TW @ 5acre/MW

Renewable Energy Markets; Estimated 
Renewable Energy Sales in 2010 and 2020

409%[11]44092.5%370321TX 

6.015%[10]40412%3329NV 

2.610%[9]2629%2219NM 

6.410%[8]632.655%5346CO 

10633%[7]3233513%270234CA 

4.45%[6]870.801.1%7263AZ 

Plausible 
Renewable

Energy 
Market in 

2020
Based on 
Projected
Mandates

(TWH) [5]

Projected 
2020 RPS
Obligation

Estimated 
2020

Electricity 
Sales 

(TWH)[4]

Estimated 
Renewable

Energy 
Market in 

2010
Based on 
Current 

Mandates
(TWH)

2010 RPS
Obligation[3]

Estimated 
2010

Electricity 
Sales 
(TWH)[2]

2002 
Electricity

Sales 
(TWH)

State[1

]

[1] Department of Energy, Energy Information Administration Web site; Utility and ESP retail electricity sales in 2002 (http://www.eia.doe.gov/emeu/states/_states.html)
[2] Estimated utility and ESP retail electricity sales in 2010 based on 2002 retail sales with a 1.8% compounded annual electricity sales growth rate.  
[3] Wiser, Ryan; Kevin Porter, Robert Grace and Chase Kappel, “Evaluating State Renewables Portfolio Standards: A Focus on Geothermal Energy,”
National Geothermal Collaborative, 2003.  
[4] Estimated utility and ESP retail electricity sales in 2020 based on 2002 retail sales with a 1.8% compounded annual electricity sales growth rate.  
[5] CRS Projection.  
[6] Projected RPS requirement in 2020 based on current discussions in Arizona.  
[7] Projected RPS requirement in 2020 based on the California Governor’s Remarks and the 2004 IEPR Update.  
[8] Projected RPS requirement in 2020 based on Amendment 37, recently approved by ballot measure.     
[9] Based on current RPS legislation, no enhancement.  
[10] Based on current RPS legislation, no enhancement.  
[11] Based on recommendations of the Texas Energy Planning Council’s The Energy Contract with the People of Texas.  

Source:  Center for Resource Solutions

Serving Southwest State Renewable Energy 
Compliance Markets with New Mexico CSP

Concentrating Solar Power as an RPS Currency in the Southwest States

NoYes[6]YesTX

NoYes[5]YesNV

NoNoYesNM

Yes[4]Yes[3]YesCO

No[2]No[1]YesCA

NoNoYesAZ

Stand Alone 
(unbundled) 

RECs

Rebundled
Energy and 

RECs

Contract Path 
Renewable Energy 

DeliveryState

[1] See discussion in Section X that describes a November 11th meeting to consider unbundled RECs as a qualified California RPS currency.  
[2] See discussion in Section X that describes a November 11th meeting to consider unbundled RECs as a qualified California RPS currency.  
[3] The Colorado RPS takes effect on December 1st, but the PUC has until April 1 to start crafting rules to enforce it. The rule-making process, which must be 
finished by March 31, 2006, gives utilities time to meet the requirements for 2007.
[4] The Colorado RPS takes effect on December 1st, but the PUC has until April 1 to start crafting rules to enforce it. The rule-making process, which must be 
finished by March 31, 2006, gives utilities time to meet the requirements for 2007.
[5] Out-of-state generation is only eligible if there is a dedicated transmission line into the state.  RECs must be issued by the Nevada PUC.  Nevada's renewable 
energy producers can earn RECs, which can then be sold to utilities that are required to meet Nevada's portfolio standard.
[6] Out-of-state generation is only eligible if there is a dedicated transmission line into the state.  

Source:  Center for Resource Solutions
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Recommendations
• New CSP plants should receive both capacity and energy value for the 

generated electricity produced
– Assumes plant delivers summer peak capacity 
– Provides additional incentive for plant performance

• Support allowance of RECs as a mechanism for regional implementation 
of central station solar within or outside of Colorado

– Can yield larger, more cost-effective solar generation
– Supports implementation of Southwest 1000MW initiative

• Limited hybridization w/ natural gas
– provide firm power w/o thermal storage

• Implement Colorado CSP Task Force similar (identical) to that 
implemented for State of New Mexico

– Task force should include state energy office, utility, PUC, and DOE 
representation

– Investigate Colorado-specific economic benefits
– Evaluate site-specific cost and value of central station generation
– Provide analytically robust recommendations for implementing central 

station solar for State of Colorado 
• Support Federal incentives for solar generation


