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APPENDIX E: 1 
 2 

METHODS FOR ESTIMATING REASONABLY FORESEEABLE DEVELOPMENT 3 
SCENARIOS FOR SOLAR ENERGY DEVELOPMENT 4 

 5 
 6 
 To aid in impact analysis for the “Programmatic Environmental Impact Statement for 7 
Solar Energy Development in Six Southwestern States” (Solar PEIS), a reasonably foreseeable 8 
development scenario (RFDS) for solar energy development in the six-state study area was 9 
incorporated into the analyses. Two methods of estimating the RFDS are detailed in this 10 
appendix: one using the National Renewable Energy Laboratory’s (NREL’s) Regional Energy 11 
Deployment System (ReEDS) model (Section E.1), the other based on each state’s Renewable 12 
Portfolio Standard (RPS) requirements (Section E.2). The RFDS estimates resulting from these 13 
methods are presented in Section 2.4 of the Solar PEIS, in terms of total megawatts (MW) of 14 
solar facility capacity available by the year 2030.  15 
 16 
 17 
E.1  RFDS ESTIMATES USING THE ReEDS MODEL 18 
 19 
 The ReEDS model was developed at NREL. It is a model of the current U.S. electric 20 
sector and its expansion potential that includes detailed treatment of renewable energy 21 
technologies. A detailed description of the model prepared by NREL is provided as 22 
Attachment 1 to this Appendix.  23 
 24 
 The ReEDS model was used to estimate the growth in both concentrating solar 25 
power (CSP) and photovoltaic (PV) solar capacity in the six-state study area through 2030 for 26 
aid in analyses for the Solar PEIS. The values obtained for CSP are presented in Table E.1-1; 27 
those for PV are presented in Table E.1-2. 28 
 29 
 30 
E.2  RFDS ESTIMATES USING STATE RPS LEVELS TO PREDICT SOLAR 31 

CAPACITY 32 
 33 
 RPSs have been passed in many states and require that a certain percentage of that state’s 34 
electricity capacity requirements be supplied from renewable sources (e.g., solar, wind, 35 
geothermal, or biomass) by a given year. The six states in the Solar PEIS study area all have 36 
RPSs; these standards are mandatory in each of the states except Utah. Meeting these RPS levels 37 
likely would require solar energy development either within those states or in the region. 38 
 39 
 To establish a RFDS to support analyses in the PEIS, the levels of solar energy 40 
development within each of the six states were developed by (1) using state-level RPSs and 41 
regional growth rates to establish the basic amounts of new renewable generation needed in each 42 
state and (2) applying various assumptions about the amount of each RPS to be provided from 43 
solar energy versus other renewable sources.  44 
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TABLE E.1-1  ReEDS Model Estimates of CSP Solar 
Development on BLM and Non-BLM Administered Lands,  
May 11, 2010  

   
Cumulative MW by year 
(assumes 31 MW/km2) 

 
State 

  
2010 

 
2014 

 
2030 

     
Arizona Non-BLMa 0.000 0.000 0.000 
 BLM  0.000 0.000 0.000 
California Non-BLM 0.000 203.893 305.087 
 BLM  0.000 123.792 173.761 
Colorado Non-BLM 0.000 0.000 0.000 
 BLM  0.000 0.000 0.000 
New Mexico Non-BLM 0.000 0.000 0.000 
 BLM  0.000 0.000 0.000 
Nevada Non-BLM 41.683 159.700 159.700 
 BLM  0.000 0.000 0.000 
Texas Non-BLM 0.000 0.000 0.000 
 BLM  0.000 0.000 0.000 
Utah Non-BLM 0.000 0.000 0.000 
 BLM  0.000 0.000 0.000 
 
a BLM = Bureau of Land Management. 

 1 
 2 

TABLE E.1-2  ReEDs Model Estimates of PV Solar 
Development on BLM and Non-BLM Administered Lands, 
May 10, 2010 

   
Cumulative MW by year 

 
State 

  
2010 

 
2014 

 
2030 

     
Arizona Non-BLMa 0.00 190.02 1,724.06 
 BLM  0.00 194.89 1,768.23 
California Non-BLM 0.00 649.53 8,181.56 
 BLM  0.00 109.89 2,033.49 
Colorado Non-BLM 83.44 306.71 2,197.31 
 BLM  3.74 13.73 98.39 
New Mexico Non-BLM 174.57 891.73 3,204.23 
 BLM  19.76 97.08 353.00 
Nevada Non-BLM 0.00 91.99 387.78 
 BLM  0.00 273.60 1,153.31 
Utah Non-BLM 0.00 0.00 0.00 
 BLM  0.00 0.00 0.00 
 
a BLM = Bureau of Land Management. 

 3 
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 Estimates of future levels of solar energy development in each state depend on a number 1 
of factors not well-defined at this time. For example, most of the RPSs do not specify the amount 2 
of renewable energy to be generated by the different qualifying resources, which creates 3 
uncertainty regarding the mix of solar energy within each state. In addition, the total RPS 4 
requirements are expressed in terms of percentage of future electricity sales, and projections of 5 
these future sales (11 to 16 years out) are not readily available for each state. Also, the potential 6 
exists for utilities to import renewable energy in order to meet RPS requirements, or to develop 7 
renewable energy specifically for export to other states. Developments such as these are difficult 8 
to predict with accuracy. Consequently, the estimates of future solar development levels in each 9 
state required approximation methods and assumptions and, as a result, there are significant 10 
uncertainties in the final results for the solar generation and capacity estimates. 11 
 12 
 The following sections present the analytical approach and results. For perspective, 13 
Section E.2.3 presents these results in the context of projections from other sources. 14 
 15 
 16 
E.2.1  Overview 17 
 18 
 The overall approach that was adopted for estimating solar capacity and energy futures 19 
for each of the six states included:  20 
 21 

1. Identifying the percentages of total future electricity sales to be supplied by 22 
renewable energy sources (i.e., the RPS requirements) for each state;  23 
 24 

2. Identifying current capacities, generation, and electricity sales statistics for 25 
each state;  26 
 27 

3. Applying regional projected growth rates to determine anticipated total 28 
electricity sales for each state in the designated RPS years; 29 
 30 

4. Applying RPS requirements to determine anticipated renewable energy 31 
development;  32 
 33 

5. Making adjustments for contributions to the RPS requirements, as allowed, for 34 
existing conventional hydroelectric sources or other qualifying technologies;  35 
 36 

6. Postulating several fractional “market shares” for solar as percentages of total 37 
renewable generation/sales needed to satisfy the RPS requirements in each 38 
state;  39 
 40 

7. Deriving the amounts of energy associated with each of the postulated 41 
fractions that might be anticipated from solar contributions; and  42 
 43 

8. Deriving the associated capacities for solar power based on the results from 44 
Step 7 and estimated capacity factors.  45 

 46 
 Additional details for these steps are described in the sections that follow. 47 

48 
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E.2.1.1  RPS Requirements for Each State 1 
 2 
 The first step in estimating future solar power development for each state was a review 3 
of the RPS requirements. Table E.2-1 summarizes the RPS specifications for all six states. While 4 
RPS requirements provided a reasonable starting point for this analysis, it was recognized that 5 
many dynamic factors will affect actual outcomes for renewable power development. Issues 6 
such as siting, permitting, technology costs, transmission linkages, and other utility integration 7 
factors, will all influence whether RPSs are met and how they might evolve over time. The 8 
uncertainties in using RPS requirements for estimating renewable energy development, and in 9 
particular solar energy development, were recognized and acknowledged for the analysis that 10 
follows. With those considerations in mind, the approach described yielded a range of possible 11 
outcomes for solar development that are intended to cover the realm of feasible and likely 12 
development scenarios. 13 
 14 
 Table E.2-1 illustrates that each of the six states has adopted different types of renewable 15 
energy requirements. Three of the six states designate a percentage that applies to total electricity 16 
sales in the state, while the other three make distinctions between requirements for investor-17 
owned utilities (IOUs) and publicly owned utilities (POUs).1 Four of the states (Arizona, 18 
Colorado, Nevada, and New Mexico) have included additional specifications for types of total 19 
renewable sources to be developed. Two of the states (Nevada, and New Mexico) provide 20 
specific requirements for solar energy contributions, and one state (New Mexico) specifies 21 
minimum requirements for other renewable technologies (wind, biomass, and geothermal) 22 
needed to meet RPSs. 23 
 24 
 25 

E.2.1.2  Treatment of Hydroelectric Sources 26 
 27 
 One important criterion for estimating future solar contributions is whether 28 
“conventional” hydroelectric generation, or hydropower, is considered as a qualifying option. 29 
Conventional hydropower refers to standard hydroelectric dams as contrasted with pumped 30 
storage, tidal, wave, or ocean thermal technologies. For most of the six states, conventional 31 
hydropower represents a significant fraction of existing “renewable” energy generation and 32 
could potentially deliver a large share of the future RPS requirements. However, Arizona, 33 
California, Nevada, and New Mexico have all included stipulations for limiting hydroelectric 34 
contributions to meet RPSs.2 In general, these four states require that the hydroelectric 35 
facilities be relatively new (i.e., installed after a given year) or be of limited capacity/generation 36 
(such as used to “firm” the generation from other variable output renewable technologies like 37 
wind or solar). 38 

                                                 
1  POUs include municipal and cooperative entities. In Nevada, RPS summaries use notation that a requirement 

“[applies to] Investor-Owned Utility and Retail Supplier,” which raises some question about the requirements’ 
applicability to POUs. Most of the other states specifically identify POUs when they are included in the RPS 
requirements; thus, in this analysis, it was assumed that POUs are not mandated to meet the RPS requirements in 
Nevada. 

2  The RPS summaries for California and Nevada include references to “certain hydro” sources as qualifying 
sources for RPS requirements, but do not define which types of hydropower sources would qualify. 
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TABLE E.2-1  RPS Requirements Summary as of July 2010 

 
 

RPS Specificationa 

 
 

Arizona 

 
 

California 

 
 

Colorado 

 
 

Nevada 

 
New 

Mexico 

 
 

Utah 
       
Designated RPS year 2025 2020 2020 2025 2020 2025 
       
Primary RPS specifications       
   Total renewables (% of sales) 15% 33%b –c – – 20% 
   Total renewables for IOUs 
      (% of sales) 

– – 30% 25% 20% – 

   Total renewables for POUs 
      (% of sales) 

– – 10% – 10% – 

       
Additional RPS specifications       
   Distributed generation (% of sales) 4.5% 

(by 2012) 
– 3.0% 

(IOUs) 
– 0.6% 

(IOUs) 
– 

   Wind (% of sales) – – – – 4% 
(IOUs) 

– 

   Solar (thermal and photovoltaic  
      [PV]) (% of sales) 

– –  
 

1.5% 
(IOUs) 

4% 
(IOUs) 

– 

   Biomass and geothermal  
      (% of sales) 

– – – – 2% 
(IOUs) 

– 

       
Mandatory (M) or voluntary (V) M Mb M M M V 
       
Requirements for hydroelectric 
sources to be new/small (Y/N) 

Y Y N Y Y N 

 
a Where presented, % of sales refers to % of electricity sales. 

b In 2006, Senate Bill 107 established a mandatory standard of 20% renewable energy by 2010. In 2009, 
Governor Schwarzenegger established a higher goal of 33% by 2020 in Executive Order S-21-09. Although 
the 33% goal has not been adopted by law or regulation, it is used in this analysis to provide a conservatively 
high projection of future renewable energy development in California. 

c A dash indicates no standard has been established for this specification. 

Source: Database of State Incentives for Renewables & Efficiency (North Carolina Solar Center and Interstate 
Renewable Energy Council 2010). 

 1 
 2 
 These stipulations for hydroelectric power were recognized in deriving the results 3 
described in Section E.2.2. The approach used in this analysis estimated total electricity sales for 4 
the RPS years and subtracted existing hydroelectric generation from those totals for Colorado 5 
and Utah, where it appears that conventional and existing hydroelectric sources are allowed to 6 
contribute to the RPSs. 7 
 8 

E.2.1.3  Additional Considerations 9 
 10 
 Also of potential significance in the renewable estimation process is Utah’s allowance of 11 
(1) nuclear power, (2) demand-side management (DSM), and (3) carbon-sequestered fossil 12 
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generation (CSFG) in directly subtracting from total electricity sales figures to which RPS 1 
requirements apply. Thus in Utah, if nuclear power, DSM, and CSFG were responsible for a total 2 
of 1,000 GWh and total sales were 10,000 GWh, then the 20% RPS requirement would translate 3 
into a need for 1,800 GWh from qualifying renewable sources (20% of 9,000 GWh). Currently, 4 
there are no nuclear generating facilities in Utah, and DSM and CSFG programs are highly 5 
uncertain; thus these issues are subject to considerable variability for long-term projections. As a 6 
result, no adjustments were made in this analysis to the Utah RPS requirements for these other 7 
qualifying technologies. 8 
 9 
 10 

E.2.1.4  Current Capacities, Generation, and Electricity Sales for Each State 11 
 12 
 Table E.2-2 summarizes the existing capacity, generation, and sales numbers for each of 13 
the six states.  14 
 15 
 16 

E.2.1.5  Regional Electricity Growth Rates 17 
 18 
 In translating the RPS requirements into anticipated electricity sales, generation, and 19 
capacity estimates for future years, this analysis relied on long-term growth rate projections 20 
developed by the U.S. Department of Energy’s (DOE’s) Energy Information Administration 21 
(EIA). The annual growth rates were derived for each electric region that cover the six-state 22 
study area and for each end-year that was designated in the state-specific RPS requirements. The  23 
 24 
 25 

TABLE E.2-2  Existing Capacity, Generation, and Electricity Sales in 2007 

 
Parameter/State 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
Capacity (MWe)        
   Hydroelectric 2,720 10,041 665 1,048 82 255 
   Solar/PV 9 404 8 79 0 0 
   Other renewables 7 5,329 1,073 189 500 38 
   Total renewables 2,736 15,774 1,746 1,316 582 293 
   Total capacitya 25,579 63,813 12,288 9,954 7,202 7,122 
       
Generation (GWh)       
   Hydroelectric 6,598 27,328 1,730 2,003 268 539 
   Solar/PV 9 557 2 44 0 0 
   Other renewables 32 24,288 1,322 1,253 1,409 195 
   Total renewable 6,639 52,173 3,054 3,300 1,677 734 
   Total generationa 113,341 210,848 53,907 32,670 35,985 45,373 
       
Total state sales 
(GWh) 77,193 264,235 51,299 35,643 22,267 27,785 
 
a Includes both renewable and non-renewable electricity sources. 

Sources: EIA (2007a) for capacity and generation and EIA (2007b) for total state sales. 
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use of regional growth rates (rather than state-specific rates) was necessary because EIA does not 1 
develop or publish long-term projections on a state basis. Still, the EIA projections were chosen 2 
because of the consistency in projection methodologies and assumptions as they apply across the 3 
six-state study area. 4 
 5 
 Figure E.2-1 illustrates the EIA electric market regions and shows the level of regional 6 
detail that is available for forecasted electricity sales, generation, and capacity estimates from 7 
the EIA. These regions also correspond approximately to North American Electric Reliability 8 
Corporation (NERC) sub-areas. For the six-state study area, the alignments between states and 9 
regions are as follows:  10 
 11 
 Arizona, Colorado, New Mexico,  Region 12 (Rocky Mountain Sub-Area),  12 
 and Nevada  13 
 14 
 California  Region 13 (California Sub-Area), and 15 
 16 
 Utah  Region 11 (Northwest Sub-Area). 17 

 18 
(Note: While the majority of land area from Nevada is in Region 11, the majority of electrical 19 
load is located in Region 12. Thus for this analysis, Nevada was treated as being part of 20 
Region 12.) 21 
 22 
 Table E.2-3 shows the existing and projected statistics for each of the three relevant 23 
electric market regions that are aligned with the six states. The end-year data reflect different 24 
RPS target years; thus even though a common EIA market region may apply to multiple states, 25 
the statistics can vary because of different RPS years. 26 
 27 
 28 

E.2.1.6  Application of Regional Growth Rates to State-Level Generation 29 
and Electricity Sales Estimates  30 

 31 
 The regional annual average electricity sales growth rates provided in Table E.2-3 can be 32 
used to estimate state-level projections for future years. Table E.2-4 shows total state-level 33 
electric sales estimates for the various RPS years. The bottom row of results in Table E.2-4 34 
provides a basis for estimating renewable energy development in each state for each of the RPS 35 
years.  36 
 37 
 38 

E.2.1.7  Derivation of Combined Investor-Owned and Publicly Owned  39 
RPS Multipliers 40 

 41 
 In those states where there are different RPS requirements for IOUs and POUs 42 
(i.e., Colorado, Nevada, and New Mexico), it is necessary to develop a weighted average RPS 43 
requirement in order to calculate the amount of electricity that must be derived from renewable 44 
resources. Weighted averages were derived by using the relative percentages of IOUs and POUs 45 
for historical generation, as shown in Table E.2-5. These derivations are based on 1999 estimates 46 
because data for POU sales and total state sales were available for that year. 47 
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 1 
 2 
1 East Central Area Reliability Coordination Agreement 

(ECAR) 
2 Electric Reliability Council of Texas (ERCOT)  
3 Mid-Atlantic Area Council (MAAC) 
4 Mid-America Interconnected Network (MAIN) 
5 Mid-Continent Area Power Pool (MAPP) 
6 New York (NY) 
7 New England (NE) 

8 Florida Reliability Coordinating Council (FRCC) 
9 Southeastern Electric Reliability Council (SERC) 
10 Southwest Power Pool (SPP) 
11 Northwest Power Pool (NWPP) 
12 Rocky Mountain Power Area (RMPA) 
13 California (CA) 
 

FIGURE E.2-1  EIA Electricity Market Module Regions (Source: EIA 2009a) 1 
 2 
 3 

TABLE E.2-3  Regional Generation and Electricity Sales Growth Rates 

 
EIA Electricity Market 

Module Regiona 

 
RMPA 

(12) 

 
CA 
(13) 

 
RMPA 

(12) 

 
RMPA 

(12) 

 
RMPA 

(12) 

 
NWPP 

(11) 
       
Parameter/state Arizona California Colorado Nevada New Mexico Utah 
       
RPS year 2025 2020 2020 2025 2020 2025 
       
Total regional sales (1,000 GWh)       
   In 2007 185 257 185 185 185 223 
   In RPS year 226 285 209 226 209 263 
       
Average annual regional sales 
growth rate (%/yr) 

1.118 0.799 0.943 1.118 0.943 0.921 

 
a CA = California; NWPP = Northwest Power Pool; RMPA = Rocky Mountain Power Area. 

Source: EIA (2009b; Tables 82–84) for total regional sales.  
Average annual regional sales growth =  
(10(log[total regional sales in RPS year ÷ total regional sales 2007] ÷ (RPS year – 2007))) – 1) × 100.  4 
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TABLE E.2-4  Projected Electric Sales for Each State 

 
EIA Electricity Market 

Module Regiona 

 
RMPA 

(12) 

 
CA 
(13) 

 
RMPA 

(12) 

 
RMPA 

(12) 

 
RMPA 

(12) 

 
NWPP 

(11) 
       
Parameter/state Arizona California Colorado Nevada New Mexico Utah 
RPS year 2025 2020 2020 2025 2020 2025 
Total state sales in 2007 (GWh) 77,193 264,235 51,299 35,643 22,267 27,785 
Average annual regional sales 
growth rate  
   (%/yr) 1.118 0.799 0.943 1.118 0.943 0.921 
Years between 2007 and RPS year  18 13 13 18 13 18 
Estimated total state sales in RPS 
year  
   (GWh) 94,295 293,036 57,956 43,540 25,157 32,770 
 
a CA = California; NWPP = Northwest Power Pool; RMPA = Rocky Mountain Power Area. 

Sources: EIA 2007b for total state sales in 2007 and Table E.2-3 for average annual growth rate. 
 1 
 2 

TABLE E.2-5  Net IOU/POU-Weighted Average RPS Requirements  

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
Total state sales (GWh) (1999) 57,662 234,831 40,571 26,253 18,041 21,879 
POU sales (GWh) (1999) NAa NA 11,123 2,264 1,630 NA 
Percentage IOU NA NA 72.6 91.4 91.0 NA 
Percentage POU NA NA 27.4 8.6 9.0 NA 
       
Designated RPS year 2025 2020 2020 2025 2020 2025 
Primary RPS specifications       
Total renewables (% of sales) 15% 33% –b – – 20% 
Total renewables for IOUs  
   (% of sales) – – 30% 25% 20% – 
Total renewables for POUs  
   (% of sales) – – 10% – 10% – 
       
Weighted average RPS requirement 
(% of total state sales) 15% 33% 24.5% 22.8% 19.1% 20% 
 
a NA = not applicable. (The relative percentages of POU/IOU generation are only needed for Colorado, 

Nevada, and New Mexico.) 

b A dash indicates no standard has been established for this specification. 

Sources: EIA (2007c) for total state sales and EIA (1999) for POU sales. 
 3 
 4 

5 
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E.2.2  Results 1 
 2 
 To estimate state-level solar power generation and capacity, several calculations were 3 
made: (1) total electricity sales estimates from Table E.2-4 were multiplied by the weighted-4 
average RPS requirements from Table E.2-5 to derive total sales expected to be generated from 5 
renewable power sources in the RPS year; (2) electricity sales estimates were translated into 6 
generation requirements by applying a uniform factor for line losses and internal use; 7 
(3) adjustments were made for Colorado and Utah, where conventional hydroelectric sources 8 
qualify for meeting the RPS; (4) resulting electricity sales estimates were multiplied by 9 
alternative solar market share assumptions to yield several estimates for the generation to be 10 
derived from solar power in each state; and (5) resulting generation levels were translated into 11 
capacity estimates by using representative solar capacity factors published by the EIA.  12 
 13 
 The details for these final steps and the corresponding outcomes are described in the 14 
following sections. 15 
 16 
 17 

E.2.2.1  Electricity Sales and Generation Estimates to Meet State RPS Requirements 18 
 19 
 Table E.2-6 combines total state sales estimates from Table E.2-4 with the weighted 20 
RPS percentages of Table E.2-5, and displays the state-specific results for estimated total 21 
renewable electricity sales in the RPS years. The values in the bottom row of Table E.2-6 22 
present the estimated total generation required to satisfy the renewable energy sales, taking into 23 
consideration a loss factor of 12.5% to account for internal use and line losses (EIA 2008). 24 
 25 
 26 

TABLE E.2-6  Estimated Total Renewable Energy Sales and Generation for Each State 

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
RPS year 2025 2020 2020 2025 2020 2025 
Estimated total state sales in RPS year  
   (GWh) 94,295 293,036 57,956 43,540 25,157 32,770 
Weighted average RPS requirement  
   (% of total state sales) 15% 33% 24.5% 22.8% 19.1% 20% 
Total estimated renewable energy sales  
   in RPS year (GWh) 14,144 96,701 14,199 9,927 4,805 6,554 
Total estimated renewable generation  
   in RPS year (GWh)a 15,912 108,789 15,974 11,168 5,405 7,373 
 
a Assumed to be 112.5% of the energy sales to adjust for projected internal use and line loss (EIA 2008). 

Sources: Table E.2-4 for estimated total state sales in RPS year and Table E.2-5 for weighted average 
RPS requirement. 

 27 
 28 

29 
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E.2.2.2  Adjustments for Hydroelectric Generation 1 
 2 
 Table E.2-7 shows the adjustments made for two states (Colorado and Utah) that allow 3 
conventional hydroelectric generation to contribute to RPSs. The underlying assumption for this 4 
adjustment is that a portion of the RPS requirements would be offset by the conventional 5 
hydropower generation, assuming it will be delivered in similar magnitudes in future years.  6 
 7 
 8 

E.2.2.3  Postulated Solar Market Shares 9 
 10 
 Because of uncertainties and market forces that will shape the long-term trends in solar 11 
energy and other renewable technology developments, different scenarios were evaluated to 12 
reflect the large range of possibilities. The amount of solar energy generation, relative to other 13 
renewable energy generation to meet RPSs, was set at three levels to represent a high-solar 14 
scenario (50% solar/50% other renewables), medium-solar scenario (25% solar/75% other 15 
renewables), and low-solar scenario (10% solar/90% other renewables).3 By choosing these 16 
types of specific values, a range of alternatives was quantified in terms of the corresponding 17 
solar generation and capacity outcomes. 18 
 19 
 Table E.2-8 shows the estimated solar generation results for each state and for each of the 20 
three alternate renewable mix levels. The table also shows the generation that would need to be 21 
supplied by other renewable technologies in order to satisfy the overall RPS requirements.  22 
 23 
 24 

TABLE E.2-7  Net Renewable Generation after Adjustments for Conventional Hydroelectric 
Power (GWh) 

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
RPS year 2025 2020 2020 2025 2020 2025 
Total estimated generation in RPS year 15,912 108,789 15,974 11,168 5,405 7,373 
Hydroelectric generation in 2007 NAa NA   1,730 NA NA    539 
Total net renewable generation  
   (total minus hydroelectric) 

15,912 108,789   14,244 11,168 5,405 6,834 

 
a NA = not applicable (these states have provisions excluding conventional hydroelectric generation from 

RPSs). 

Sources: Table E.2-6 for total estimated generation in RPS year and EIA (2007a) for hydroelectric generation in 
2007. 

 25 
 26 

                                                 
3 The “high,” “medium,” and “low” labels represent relative magnitudes for the percentage ranges as applied 

uniformly across the entire study area. These labels do not represent state-specific expectations for solar 
implementation.   
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TABLE E.2-8  Solar Generation Needed to Meet RPS Requirements at Selected Market Share 
Levels 

 
Parameter/State 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
RPS year 2025 2020 2020 2025 2020 2025 
Total net renewable generation (GWh) 15,912 108,789 14,244 11,168 5,405 6,834 
       
Solar generation at alternate renewable 
mix levels (GWh) (percent of total net 
renewable generation provided by 
solar/other renewables) 

      

   50% Solar  7,956 54,394 7,122 5,584 2,702 3,417 
   50% Other renewables 7,956 54,394 7,122 5,584 2,702 3,417 
       
   25% Solar  3,978 27,197 3,561 2,792 1,351 1,708 
   75% Other renewables 11,934 81,592 10,683 8,376 4,054 5,126 
       
   10% Solar  1,591 10,879 1,424 1,117 540 683 
   90% Other renewables 14,321 97,910 12,820 10,051 4,864 6,151 
 
Source: Table E.2-7 for total net renewable generation. 

 1 
 2 

E.2.2.4  Translation of Solar Generation into Corresponding Capacity Estimates 3 
 4 
 For purposes of potential impact analysis, the solar generation estimates (GWh) provided 5 
in Table E.2-8 were translated into corresponding installed capacity estimates (MWe). This 6 
translation is dependent on the annual capacity factor(s) expected for solar technologies. Because 7 
the population of solar generators is likely to span a significant range of designs, performance 8 
characteristics, electric utility environments, and other factors, the annual capacity factor can 9 
vary significantly. To keep this portion of the estimating procedure as straightforward as 10 
possible, generic capacity factors projected by EIA through 2030 were adopted and applied to 11 
the derivations. For solar PV technologies the capacity factor is 21%, and for solar thermal (ST) 12 
technologies the capacity factor is 31% (EIA 2009c).  13 
 14 
 Two approaches were examined for estimating capacity on the basis of these capacity 15 
factors. One approach applied the average capacity factor for PV and ST options of 26% to the 16 
generation estimates in Table E.2-8. The other approach applied the assumptions of 21% for PV 17 
and 31% for ST to EIA’s regional projections for the relative amounts of PV and ST expected for 18 
future years (EIA 2009b) to derive a weighted solar capacity factor. Table E.2-9 presents the 19 
capacity factors based on these two approaches.  20 
 21 
 In Table E.2-10, the weighted average capacity factors from Table E.2-9 were applied, in 22 
combination with the solar generation estimates in Table E.2-8, to derive estimated solar 23 
capacities needed to provide the associated generation levels.  24 
 25 
 26 
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TABLE E.2-9  Average Solar Capacity Factorsa 

 
 

Parameter 

 
 

Arizona 

 
 

California 

 
 

Colorado 

 
 

Nevada 

 
New 

Mexico 

 
 

Utah 
       
RPS year 2025 2020 2020 2025 2020 2025 
       
50/50 PV/ST ratio assumption       
   PV/ST ratio 50/50 50/50 50/50 50/50 50/50 50/50 
   Average solar capacity factor 26% 26% 26% 26% 26% 26% 
       
PV/ST ratio from regional EIA 
projections 

      

       
EIA Electricity Market 
Module Regionb 

RMPA 
(12) 

CA 
(13) 

RMPA 
(12) 

RMPA 
(12) 

RMPA 
(12) 

NWPP 
(11) 

   PV/ST ratioc 29/71 8/92 32/68 29/71 32/68 70/30 
   Weighted average solar capacity 

factor 
28.1% 30.2% 27.8% 28.1% 27.8% 24.0% 

 
a PV generic capacity factor = 21%, ST generic capacity factor = 31% (EIA 2009c). 

b CA = California; NWPP = Northwest Power Pool; RMPA = Rocky Mountain Power Area. 

c Regional PV/ST ratio from EIA (2009b; Tables 98–100).  
 1 
 2 

TABLE E.2.10  Solar Generation and Capacity Needed to Meet RPS Requirements at Selected 
Market Share Levels 

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

  
RPS year 2025 2020 2020 2025 2020 2025 
Total net renewable generation (GWh) 15,912 108,789 14,244 11,168 5,405 6,834 
Weighted average solar capacity factor 28.1% 30.2% 27.8% 28.1% 27.8% 24.0% 
  
Solar generation and capacity required 
at alternate renewable mix levels 

      

   50% Solar        
      Solar generation (GWh)    7,956 54,394 7,122 5,584 2,702 3,417 
      Solar capacity (MWe)   3,232 20,561 2,925 2,268 1,110 1,625 
  
   25% Solar        
      Solar generation (GWh)    3,978 27,197 3,561 2,792 1,351 1,708 
      Solar capacity (MWe)   1,616 10,280 1,462  1,134    555    813 
  
   10% Solar        
      Solar generation (GWh)    1,591 10,879    1,424  1,117    540    683 
      Solar capacity (MWe)      646   4,112    585    454    222    325 
 
Sources: Table E.2-7 for total net renewable generation, Table E.2-8 for solar generation, and Table E.2-9 for 
weighted average solar capacity factor. For solar capacity derivations, capacity(MWe) = (generation(GWh) × 
1000) ÷ (capacity factor × 8760). 
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E.2.3  Perspective 1 
 2 
 For perspective, the outcomes shown in Table E.2-10 are represented in this section as 3 
percentages of total estimated sales. The results are also displayed in context with other sources 4 
of solar development projections.  5 
 6 
 7 

E.2.3.1  Results Expressed As Percentages of Total Electricity Sales 8 
 9 
 Table E.2-11 displays the solar generation estimates as percentages of total future sales 10 
(all in the RPS year for a given state). With the exception of California, for the high-solar case 11 
(50% solar/50% other), the projected solar generation estimates represent 8 to 12% of total state 12 
sales. And for the low-solar case (10% solar/90% other), the projected solar generation estimates 13 
represent approximately 2% of total state sales. 14 
 15 
 For California, the percentages are nearly double those of the other states, with results 16 
for the high-solar case (50% solar/50% other) representing 19% of total sales, and 4% for the 17 
low-solar case (10% solar/90% other). The reasons California shows significantly higher results 18 
are (1) the RPS total renewable requirement of 33% is significantly higher than any of the other 19 
states, (2) the “weighted average RPS requirement” as calculated in Table E.2-5 is substantially 20 
higher than for the other states, and (3) there are no adjustments for conventional hydroelectric 21 
contributions as shown for Colorado and Utah in Table E.2.7.  22 
 23 
 24 
 25 

TABLE E.2-11  RPS Solar Generation Estimates Relative to Total Electricity Sales and 
Solar-Specific Provisions 

 
RPS Specification 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
Designated RPS year 2025 2020 2020 2025 2020 2025 
Estimated total state sales in 
RPS year (GWh) 

94,295 293,036 57,956 43,540 25,157 32,770 

       
Estimated solar generation  
   (% of total state sales) 

      

      50% Solar case 8.4 18.6 12.3 12.8 10.7 10.4 
      25% Solar case 4.2   9.3 6.1   6.4   5.4   5.2 
      10% Solar case 1.7   3.7 2.5   2.6   2.1   2.1 
 
Source: Table E.2-4 for estimated total state sales in RPS year. 

Estimated solar generation (as % of total state sales) was calculated as the percentage of total state sales in 
the RPS year derived from the estimated solar generation presented in Table E.2-10 for each case. 

 26 
 27 

28 
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E.2.3.2  Comparisons of Results with Solar-Specific RPS Requirements 1 
 2 
 For Nevada and New Mexico, the estimates can be compared with the solar-specific RPS 3 
specifications (Arizona, California, Colorado, and Utah have not adopted solar-specific RPS 4 
requirements). Table E.2-12 displays the results for these comparisons. Because both Nevada 5 
and New Mexico assign solar-specific RPS specifications for IOUs (shown in Table E.2-1), the 6 
comparisons in Table E.2-12 for these states are expressed as percentages of IOU sales.  7 
 8 
 For Nevada, the estimated percentages of IOU sales that would be derived from solar 9 
generation are larger than the RPS requirement, even in the low-solar case in which solar 10 
generation is assumed to provide only 10% of the total renewable needs. This observation does 11 
not constitute a contradiction, because the RPS solar-specific specifications represent lower 12 
bounds for solar development rather than expected penetration levels or upper bounds. Relative 13 
economics of solar and other renewable technology costs, land use issues, tax credits, and a host 14 
of other factors will determine the final development levels for each renewable technology.  15 
 16 
 17 

TABLE E.2-12  Solar Generation Estimates Relative to Solar-Specific RPS Provisions 

 
 

RPS Specification 

 
 

Arizona 

 
 

California 

 
 

Colorado 

 
 

Nevadaa 

 
New 

Mexicoa 

 
 

Utah 
       
Designated RPS year 2025 2020 2020 2025 2020 2025 
Estimated total state sales in 
RPS year (GWh) 

94,295 293,036 57,956 43,540 25,157 32,770 

Estimated IOU sales in 
RPS year (GWh) 

NAb NA NA 39,796 22,893 NA 

       
Solar-specific RPS 
Specifications 

      

   Solar (thermal and PV) 
      (% of sales) 

NA NA NA 1.5% 
(IOUs) 

4% 
(IOUs) 

NA 

       
Estimated solar generation  
   (percent of IOU sales)c  

      

   50% Solar case NA NA NA 14.0 11.8 NA 
   25% Solar case NA NA NA 7.0 5.9 NA 
   10% Solar case NA NA NA 2.8 2.4 NA 
 
a Comparisons for Nevada and New Mexico are based on IOU sales. 

b NA = not applicable. 
c Estimated solar generation (% of IOU sales) was calculated from: Estimated solar generation (%) = 

(solar generation [from Table E.2-10] ÷ estimated IOU sales in RPS year) × 100.  

Source: Estimated IOU sales =  
(Estimated total state sales [from Tables E.2-4] × Percentage IOU [from Table E.2-5]) ÷ 100. 

 18 
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 For New Mexico, the RPS stipulation for 4% of IOU sales from solar generation falls 1 
within the range covered by high-, medium- and low-solar assumptions of this study. The low-2 
solar case (10% solar/90% other) yields a solar penetration of 2.4% of total sales, well below the 3 
4% RPS stipulation. The medium-solar case (25% solar/75% other) results in 5.9% of total sales, 4 
slightly higher than the 4% RPS specification. The high-solar case (50% solar/50% other) yields 5 
a net result of 11.8% of total sales being supplied by solar generation. As noted for Nevada 6 
above, the cases showing higher penetrations of solar than the RPS specifications are not in 7 
conflict with the RPS requirements, since those specifications represent minimum requirements 8 
rather than expected outcomes. 9 
 10 
 11 

E.2.3.3  Comparisons with NREL Projections  12 
 13 
 As another source for comparison, NREL has developed projections for future distributed 14 
solar capacity development (i.e., rooftop PV). Table E.2-13 shows how those estimates compare 15 
with the range of estimates found in this six-state analysis. While the estimates in this report are 16 
for utility-scale applications, the table shows that these estimates fall within the range of NREL’s 17 
“base-case” results and “technical potential” for distributed rooftop installations. The projection 18 
years do not match in these comparisons; they are presented here as a relative indicator for the 19 
order of magnitudes of estimates. As might be expected, all of the low-solar utility-scale results 20 
(10%-solar) developed in this analysis are higher than the NREL base-case distributed generation 21 
results. All of the high-solar utility-scale results (50%-solar) are lower than the technical 22 
resource potential as estimated by NREL. 23 
 24 
 25 

TABLE E.2-13  Solar Capacity Estimates Relative to NREL Projections 

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
RPS year 2025 2020 2020 2025 2020 2025 
       
Solar capacity required at alternate 
renewable mix levels (MWe) 

      

   50% Solar/50% other   3,232 20,561   2,925 2,268 1,110 1,625 
   25% Solar/75% other   1,616 10,280   1,462 1,134    555    813 
   10% Solar/90% other      646   4,112      585    454    222    325 

       
NREL distributed capacity – base case 
(MWe) for 2015 

     408   3,202      146    203    110 2 

       
NREL distributed capacity – technical 
potential (MWe) for 2015 

19,671 80,798 13,184 9,911 4,549 6,407 

 
Sources: Table E.2-10 for solar capacity at alternate renewable mix levels and Paidipati et al. (2008) for NREL 
distributed capacity projections. 

 26 
 27 
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E.2.3.4  Comparisons with EIA Projections  1 
 2 
 For additional perspective, Table E.2-14 presents the solar capacity estimates from 3 
Table E.2-10 along with regional projections from EIA. Because the EIA projections are not 4 
prepared at the state level, it is more difficult to draw any clear conclusions. Table E.2-14, 5 
however, provides some degree of benchmarking, at least for general order of magnitude 6 
comparisons.  7 
 8 
 For example, in California (which basically constitutes a separate EIA region), 9 
the estimated solar capacities from this analysis (4,112 to 20,561 MWe) are significantly higher 10 
than the EIA projections for solar (710 MWe). These differences are reconciled by recognizing 11 
that the EIA projection for total renewable capacity (including hydropower) in the California 12 
region (21,400 MWe) only represents half of the capacity required to satisfy the total RPS 13 
requirement (i.e., roughly 41,500 MWe operating at 30% capacity factor would be needed to 14 
generate 109,000 GWh), and that EIA projections for wind and solar combined capacities only 15 
account for one-fourth of the capacity needed to meet the RPS in California by 2020.  16 
 17 
 For states in the Rocky Mountain Power Area (RMPA) (Arizona, Colorado, Southern 18 
Nevada, and New Mexico), comparisons with regional projections are somewhat similar to 19 
observations for California. In general, the solar capacity estimates derived in this study are 20 
significantly higher than shown in the EIA projections. The total renewable capacity estimates  21 
 22 
 23 

TABLE E.2-14  Solar Capacity Estimates Relative to EIA Projections 

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

   
RPS year 2025 2020 2020 2025 2020 2025 
  
Solar capacity required at alternate 
renewable mix levels (MWe)a 

      

   50% Solar/50% other 3,232 20,561 2,925 2,268 1,110   1,625 
   25% Solar/75% other  1,616 10,281 1,462  1134    555      812 
   10% Solar/90% other     646   4,112    585    454    222      325 
  
EIA regional renewable energy 
capacity projections (MWe)b 

RMPA CA RMPA RMPA RMPA NWPP 

   Solar    220      710    210    220    210      100 
   Wind 1,660 10,820 1,660 1,660 1,660 12,140 
   Hydroelectric (5,470)c (9,870)c (5,470)c 5,470 (5,470)c 34,230 
  
Total Solar, Wind, and Hydroelectric 7,350 21,400 7,340 7,350 7,340 46,470 
 
a Solar capacity required at alternate renewable mix levels from Table E.2-10. 
b CA = California; NWPP = Northwest Power Pool ; RMPA = Rocky Mountain Power Area. 
c Hydroelectric sources must be new and small to contribute to RPS requirements in these states. Most of these 

capacities do not qualify.  

Source: EIA (2009b; Tables 98–100) for regional renewable energy capacity projections. 
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for the four states sum to more than 19,000 MWe based on RPS requirements. This is more 1 
than double the EIA projection of 7,340 MWe for the corresponding RMPA region in 2020. 2 
And since three of the four states also require hydroelectric sources to be new and small, 3 
subtracting hydropower (5,470 MWe) from the EIA total projected renewables only leaves 4 
about 1,870 MWe for nonhydropower sources (i.e., only 10% of the total renewable 5 
requirements based on RPS specifications).  6 
 7 
 Comparisons for Utah are difficult to make because that state represents only a small 8 
portion of the regional totals for the Northwest Power Pool (NWPP). EIA does not publish 9 
long-term projections for states or regions smaller than the regions shown in Figure E.2-1. 10 
 11 
 Across each of the regions, if the EIA total renewable projections were scaled up to 12 
match the RPS requirements, the corresponding solar capacity projections would likely fall 13 
within the ranges developed for this analysis. 14 
 15 
 16 

E.2.3.5  Comparisons with NERC Projections  17 
 18 
 As a final comparison, NERC makes annual assessments and projections of national 19 
electric power system adequacy and reliability. As part of its assessments, it has estimated 20 
renewable generating capacity expectations on a regional basis; Figure E.2-2 shows the NERC 21 
subregions. Table E.2-15 compares the NERC estimates for the regions that overlap the PEIS 22 
study area with the results of this RPS capacity analysis. These comparisons are not precise 23 
because of the state-level orientation for this analysis and mismatches between the reference 24 
years. Nonetheless, the comparisons lend additional perspective to the range of estimates 25 
developed in this analysis. 26 
 27 
 The NERC projections show a total of 16,164 MWe of solar generating capacity to be 28 
installed for the entire Western Electricity Coordinating Council (WECC) region (which 29 
encompasses all four subregions AZ-NM-SNV, CA-MX, NWPP, and Rocky Mountain Power 30 
Area [RMPA]) by the year 2018 (NERC 2009). Most of that capacity, 15,076 MWe, is projected 31 
for the CA-MX US subregion, and 1,075 MWe is anticipated for the Arizona-New Mexico-32 
Southern Nevada subregion. These estimates fall well within the ranges prepared for this six-33 
state analysis. For CA-MX US, the NERC estimates are mid-way between the 50% solar and 34 
25% solar scenarios. For Arizona-New Mexico-Southern Nevada, the NERC estimate compares 35 
roughly to the combined 10% solar scenario outcomes for those three states in this six-state 36 
analysis. The two noteworthy differences are in the NERC estimates for: (1) the Northwest 37 
Power Pool (NWPP), and (2) the RMPA. The NWPP region shows zero solar capacity by 2018 38 
in NERC projections. This contrasts with the estimates for Utah in this analysis, which range 39 
from a low of 325 MWe to a high of 1,625 MWe. And for RMPA, NERC projections only show 40 
13 MWe by 2018 as contrasted with the low estimate in this analysis for Colorado of 585 MWe. 41 
 42 
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 1 
 2 

United States Subregions 
AZ-NM-SNV = Arizona, New Mexico, Southern 
Nevada Subregion 
CA-MX US = California-Mexico Subregion – U.S. 
Central = Central Subregion 
Delta = Delta Subregion 
ERCOT = Electric Reliability Council of Texas 
FRCC = Florida Reliability Coordinating Council 
Gateway = Gateway Subregion 
MRO US = Midwest Reliability Organization – U.S. 
New England = New England Subregion 
New York = New York Subregion 
NWPP = Northwest Power Pool 
RFC = Reliability First Corporation 
RMPA = Rocky Mountain Power Area Subregion 
Southeastern = Southeastern Subregion 
SPP = Southwest Power Pool 
VACAR = Virginia-Carolinas Subregion 

Mexico and Canada Subregions 
CA-MX MEX = California-Mexico Subregion – 
Mexico 
Maritimes = Maritimes Subregion– Canada 
MRO CAN = Midwest Reliability Organization – 
Canada 
Ontario = Ontario Subregion – Canada 
Quebec = Quebec Subregion – Canada 
WECC CAN = Western Electricity Coordinating 
Council – Canada 

 

FIGURE E.2-2  NERC Subregions (Sources: NERC 2009 and Platts 2010 [region boundaries]) 1 
 2 
 3 
 4 
 5 
 6 
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TABLE E.2-15  Solar Capacity Estimates Relative to NERC Projections 

 
Parameter 

 
Arizona 

 
California 

 
Colorado 

 
Nevada 

 
New Mexico 

 
Utah 

       
RPS year 2025 2020 2020 2025 2020 2025 
       
Solar capacity required 
at alternate renewable 
mix levels (MWe)a 

      

   50% Solar/50% other 3,232 20,561 2,925 2,268 1,110 1,625 
   25% Solar/75% other 1,616 10,281 1,462 1,134    555    812 
   10% Solar/90% other    646   4,112    585    454    222    325 
       
NERC regional solar  
capacity projectionsb  
(MWe) 

AZ-NM-SNV 
(2018) 

CA-MX US 
(2018) 

RMPA 
(2018) 

AZ-NM-SNV 
(2018) 

AZ-NM-SNV 
(2018) 

NWPP 
(2018) 

   Solar 1,075 15,076      13 1,075 1,075        0 
 
a  Solar capacity required at alternate renewable mix levels from Table E.2-10. 

b AZ-NM-SNV = Arizona-New Mexico-Southern Nevada; CA-MX US = California-Mexico; 
NWPP = Northwest Power Pool; RMPA = Rocky Mountain Power Area (Colorado-Eastern Wyoming). 

Source: NERC (2009). 
 1 
 2 
E.2.4  Additional Considerations 3 
 4 
 5 

E.2.4.1  Timelines in RPS Schedules 6 
 7 
 It is noteworthy that many of the states include additional detail in the compliance 8 
schedules. Some (like Arizona) include annual targets beginning upon implementation of the 9 
RPS and continuing through the RPS time horizon. Other states (such as California) do not 10 
include annual schedules, but do include interim targets for specific years (such as for 2010). 11 
These details may have subtle or unpredictable impacts on the ultimate sources of generation 12 
adopted to meet the RPS requirements. For utilities that postpone their actions until close to the 13 
deadlines, the choices may be limited to technologies with the shortest lead times or stocks of 14 
available equipment.  15 
 16 
 17 

E.2.4.2  Hydroelectric Facility Qualification for Meeting RPS Standards 18 
 19 
 As noted in Sections E.2.1 and E.2.2, each state has adopted alternative criteria for what 20 
technologies can qualify for meeting RPS requirements. For hydroelectric sources, as discussed 21 
in Section E.2.1.2, the following gives a brief overview of state-by-state treatments: 22 
 23 

• Arizona: Only allows “incremental generations from hydroelectric, …or 24 
hydroelectric output used to firm intermittent renewables.” Facilities installed 25 
before January 1, 1997, are not eligible. 26 

27 
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• California: Only “certain” hydro facilities are eligible. For most technologies, 1 
facilities must have been installed after September 26, 1996, or represent a 2 
small qualifying facility. 3 

 4 
• Colorado: Hydroelectric contributions to RPS appear to be unrestricted. 5 
 6 
• Nevada: Only “certain” hydroelectric sources qualify. 7 
 8 
• New Mexico: Only hydroelectric sources brought on line after July 1, 2007, 9 

qualify. 10 
 11 
• Utah: Hydroelectric contributions to RPS appear to be unrestricted. 12 

 13 
 14 
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