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Abstract: 

State renewables portfolio standards (RPS) have emerged as one of the most important policy 

drivers of renewable energy capacity expansion in the U.S.  As RPS policies have been 

proposed or adopted in an increasing number of states, a growing number of studies have 

attempted to quantify the potential impacts of these policies, focusing primarily on cost 

impacts, but sometimes also estimating macroeconomic, risk reduction, and environmental 

effects.  This article synthesizes and analyzes the results and methodologies of 31 distinct 

state or utility-level RPS cost-impact analyses completed since 1998.   Together, these studies 

model proposed or adopted RPS policies in 20 different states. We highlight the key findings 

of these studies on the projected costs of state RPS policies, examine the sensitivity of 

projected costs to model assumptions, evaluate the reasonableness of key input assumptions, 

and suggest possible areas of improvement for future RPS analyses.  We conclude that while 

there is considerable uncertainty in the study results, the majority of the studies project 

modest cost impacts.  Seventy percent of the state RPS cost studies project retail electricity 

rate increases of no greater than one percent.  Nonetheless, there is considerable room for 

improving the analytic methods, and therefore accuracy, of these estimates.  
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1. Introduction 

State renewables portfolio standards (RPS) have emerged as one of the most important policy 

drivers of renewable energy expansion in the United States (Wiser et al. 2007).  Collectively, 

these state policies now apply to roughly 50% of U.S. electricity load, and hold the prospect 

of having substantial impacts on electricity markets, ratepayers, and local economies.  

Renewables portfolio standards require that a minimum amount of renewable energy is 

included in each retail electricity supplier’s portfolio of electricity resources.  They do so by 

establishing numeric targets for renewable energy supply, which generally increase over 

time.  To date, 24 states in the U.S., along with the District of Columbia, have adopted such 

standards (Figure 1). 

 

Often, the adoption of new RPS policies hinges on expected costs and benefits. 

As RPS policies have been proposed or adopted in an increasing number of states, a growing 

number of studies have attempted to quantify the potential impacts of these policies, focusing 

primarily on projecting cost impacts, but sometimes also estimating macroeconomic, risk 

reduction, and environmental effects.   

 

Given the role of these studies in motivating the adoption of state RPS policies, in this article 

we review 31 previous state RPS cost-benefit projections to compare forecasted impacts 

across studies.  We summarize, in as consistent a fashion as possible, the results of these 31 

cost-impact analyses, primarily focusing on the projected costs of state- and utility-level RPS 

programs.  In so doing, we hope to illustrate the expected bounds of likely impacts.  We also 

highlight and, in some cases, critique certain key assumptions used by these studies, with a 

goal of identifying areas of improvement for future RPS analyses.  Though we focus on state-

level RPS cost-impact analyses, the recommendations that we develop also hold for national-
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level analyses of RPS proposals in the U.S. and elsewhere.  For the interested reader, the 

results presented here are discussed in further detail in a report by the same authors (see Chen 

et al. 2007).   

 

The article is organized as follows:  

• Section 2 briefly summarizes the studies include in our sample by characterizing the 

study authors and the general modeling approach used to estimate cost impacts.   

• Section 3 presents the methods used in this article to analyze the results from the 31 

state-level RPS cost studies included in our analysis.  

• Section 4 provides a summary and comparison of the renewable resource mix and 

direct cost impacts projected by the state RPS cost studies. 

• Section 5 identifies any alternative scenarios that were analyzed by the state RPS cost 

studies, and presents the anticipated costs associated with those scenarios. 

• Section 6 highlights some of the more important assumptions that the state RPS cost 

studies have used in modeling renewable resources and avoided costs. 

• Section 7 summarizes, very briefly, the nature of the RPS-induced benefits that have 

been evaluated by the studies in our sample though, in the interest of space, we do not discuss 

these results in any detail.   

• Section 8 concludes by summarizing our key findings and highlighting areas of 

possible improvement for future RPS cost-impact studies. 

 

2. Overview of Studies 

Twenty states, covering most regions of the United States, are represented by the 31 RPS cost 

studies surveyed here. Figure 2 identifies the authors of the studies in our sample, as well as 

the states covered by these studies.  The full title, authors, and links to each study can be 
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found in Appendix A.  We limit our sample to state or utility RPS projected cost impact 

analyses conducted since 1998.  Twenty-four of the 31 studies have been published since 

2003, however, reflecting the recent surge in state RPS adoption.   

 

The publication of most of the studies in our sample was timed to coincide with state RPS 

legislation that had been proposed or implemented, and many studies evaluate state RPS 

policies designed as proposed or implemented through that legislation.  Less frequently, some 

studies advance their own proposals for state RPS legislation.  As one might therefore expect, 

the state RPS policies modeled by these studies differ substantially with respect to structure, 

design, and quantitative target level.  Table 1 briefly summarizes some of the most pertinent 

details of the state RPS policy designs that are modeled by the cost studies in our review.1 

   

The studies, as shown below, are often authored and funded by a diverse set of organizations.  

Diversity also exists in analytical approaches and sources of data used among the studies.   

 

2.1  Authorship and Funding Sources 

The vast majority of studies in our sample have been authored by consultants (roughly 55%) 

and non-governmental organizations (NGOs, over 35%).  Funding has predominantly come 

from non-profit foundations and interest groups (representing roughly 52% of primary 

funding sources) and state utility commissions or energy agencies (representing roughly 32% 

of primary funding sources).    

 

Some of these studies were conducted as part of an extended public process.  These reports 

typically involved the participation and input of diverse stakeholder groups, and in some 

cases were part of a larger, state-sponsored regulatory proceeding that allowed for public 
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comments on draft versions of the study.  Most of the studies in our sample, however, were 

not distributed for broad public review prior to publication.  It is also noteworthy that many 

of the reviewed studies have been produced by organizations and authors that are strongly 

supportive of state RPS policies, whereas relatively few of the studies have been funded or 

conducted by opponents to such policies.  This article does not attempt to account for any 

potential bias that might result from the type of study author or funding source, though it does 

scrutinize the studies’ methods and assumptions more generally.      

 

2.2 General Modeling Approaches 

The studies use a range of different analytic methods that do not always lend themselves to 

clear categorization.  For descriptive purposes, we identify four broad categories of cost-

estimation models, listed below with the percentage of studies that fall into each category in 

approximate order of increasing complexity.   These approaches differ in the methods used to 

characterize the cost of renewable energy and the avoided cost of conventional fuels that are 

displaced by renewables deployment.   

• Category A (58%): Spreadsheet model of renewable generation and avoided utility 

cost 

• Category B (13%): Spreadsheet model of renewable generation and generation 

dispatch model of utility avoided cost using reference case-resource mix 

• Category C (6%): Spreadsheet model of renewable generation and generation dispatch 

model of utility avoided cost using implied RPS resource mix 

• Category D (23%): Integrated energy model 

 

Overall, this diversity of modeling approaches indicates that a standard template for RPS cost 

estimation has yet to emerge.  One might assume that accuracy increases with each modeling 
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approach from Category A to Category D, as each successive model tends to provide more 

detail and captures more complexity.  Integrated national energy models, however, are often 

designed with a national resolution, and may therefore not be able to fully incorporate the 

range of regionally-oriented RPS design details inherent in proposed state RPS policies.   In 

additionr, not enough is yet empirically known about the actual cost impacts of state RPS 

policies to validate the accuracy of one model over another.  Energy markets are subject to 

significant uncertainty, and future renewable energy costs, while less volatile than 

conventional electricity prices, are also uncertain.  As a result, the assumptions governing 

these costs may ultimately prove more important than the choice or complexity of the model 

itself.   

 

3. Methods 

The general approach employed in this article is to distill the results and details about the 

methodologies of these state RPS studies into comparable metrics in order to understand 

broad trends in the study results and methods.    

 

The studies in our sample present projected RPS costs in many different ways.  Though most 

studies report expected retail rate impacts, some studies only report changes in electricity 

sector generation costs.  In addition, the studies use different units to convey cost results.  

Developing a consistent set of metrics for comparing cost projections across studies is 

therefore necessary.  To do so, we compare cost projections using two metrics that are easily 

understood and, where necessary, are readily converted from other data:  (1) percentage 

changes in retail electricity rates, and (2) monthly electricity bill impacts for a typical 

residential household.  To further facilitate comparisons, all cost data have been converted to 

real 2003 dollars.   
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Each study also uses a different timeframe for its analysis, and the studies report expected 

costs using a variety of different time horizons; they may report annual costs, costs averaged 

over a given timeframe, and/or the present or net present value of RPS-induced costs.  More 

generally, comparing results among a group of studies that themselves have individually been 

conducted over a span of several years is potentially problematic because underlying 

conditions may have changed over this period.  Perhaps most obviously, natural gas prices 

(and price expectations) are much higher today than they were in years past, so a state RPS 

study conducted several years ago would naturally yield different results than one conducted 

in the same manner today.   

 

Given these challenges, complete comparability across all of the studies in our sample is 

simply not possible.  Nonetheless, we temporally normalize the results from the different 

studies by presenting results from the first year that each state RPS reaches its ultimate target 

level.2  Though an imperfect metric for characterizing the full trajectory of projected cost 

impacts and renewable resource additions within each study, using the results from the initial 

peak year is a tractable and consistent method for comparing impacts across studies.  The 

projected costs of RPS policies in these initial peak target years also tend to be the highest or 

close-to-highest of the cost impacts from all of the years that are modeled, allowing us to 

avoid under-representing the potential long-term costs of such policies.   

 

4. Projected Renewable Resource Mix and Direct Costs of RPS Policies 

This section summarizes two of the most important outputs of the state RPS cost-impact 

studies: the projected impacts of state RPS policies on renewable energy deployment by 

technology and on the direct costs of that deployment.  In the former case, we present the 
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expected amount of generation from each renewable technology used to meet the state RPS 

policies.  In the latter case, we define direct costs to include the impact of renewables 

deployment on retail electricity rates and bills.  Direct costs include not only the incremental 

costs (if any) of renewable generation, but also wholesale electricity price reductions (from 

the displacement of high-cost marginal supply), including any electricity price reduction 

caused by lower natural gas prices; these impacts are included as direct effects because they 

influence consumer electricity bills. Some benefits that might derive from RPS policies, but 

that are not included in the direct cost calculations, are discussed later, in Section 7.  

 

4.1 Projected Renewable Resource Mix: Base-Case Results 

Though most of the studies in our sample are focused on cost impacts, the majority (26 of 31 

studies) also forecast the mix of renewable technologies most likely to be used to meet state 

RPS requirements (typically assuming that the least-cost renewable resources are selected 

before the more expensive ones).  Figure Error! Reference source not found. present the 

projected mix of new renewable generation used to meet the modeled state RPS policies, both 

individually and collectively. 

 

Perhaps not surprisingly, wind is expected to be the dominant technology, representing 60% 

of incremental state RPS generation across all of the studies combined.  Projected wind 

deployment is particularly prevalent in the Midwest and Texas, accounting for 94% of 

projected incremental RPS generation in those states.  Geothermal, which accounts for 17% 

of projected incremental generation across the studies, is a distant second, and almost all of 

the expected geothermal additions are from the two California studies.  Biomass co-firing and 

direct combustion account for approximately 11% of expected incremental state RPS 

generation, while hydro, landfill gas, and solar each comprise less than 4%.3              
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4.2 Direct Cost Impacts: Base-Case Results 

Figure  summarizes projected electricity rate impacts in percentage and ¢/kWh terms, for 

each individual state RPS cost study (focusing on the base-case scenario).  On the whole, 

state-RPS-induced rate impacts are typically projected to be relatively modest.  More than 

half of the reviewed studies report base-case rate increases of between 0% and 1%.  Six 

studies project that electricity consumers will experience cost savings as a result of the state 

RPS policies being modeled, at least in the base-case scenario.  On the other extreme, ten 

studies predict rate increases above 1%, and two of these studies predict rate increases of 

more than 5%.   

 

Among our sample, the median projected increase in retail electricity rates is 0.8%, or 0.05 

¢/kWh.  Relatively few studies predict increases in retail electricity rates that exceed 0.25 

¢/kWh. The largest cost savings are reported in the Texas (UCS) study, which estimates that 

the modeled Texas RPS could reduce consumer electricity costs by 5.2% (-0.4 ¢/kWh) 

compared to the business-as-usual reference case.  The largest rate increase is predicted by 

the Arizona (PIRG) study, which estimates that electricity rates in the state could increase by 

8.8% (0.7 ¢/kWh) compared to the reference case.  

 

These outlying rate projections are a function of the assumptions used in each study.  The 

Texas (UCS) study assumed that the large amount of wind development resulting from the 

Texas RPS would have ripple effects on the national level.  Specifically, the model assumed 

that the significant amount of Texas wind capacity additions would stimulate wind 

technology cost reductions on the national level, which would lead to increased wind 

development and greater natural gas price savings nationwide.  In the case of the Arizona 

(PIRG) study, the high rate impact projections are in large part due to the study’s assumption 
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that 20% of the required RPS generation would be produced by relatively high-cost solar 

technologies.   

 

Though most of the studies project relatively limited impacts on retail electricity rates, the 

wide range of impacts shown in Figure  underscores the large variability among the studies’ 

cost results.  In fact, cost results can vary widely even within a single state.  For instance, two 

of the three cost studies that analyze essentially the same RPS design in New York estimate 

retail rate increases of less than one percent (DPS and Potomac), while the third (the ICF 

study) projects the second highest cost increase of any study in our sample.  These 

differences reflect variations in assumed input parameters, in particular about the future cost 

and availability of renewable energy generation.  

 

Direct costs can also be presented as the expected increase in an average residential 

consumer’s monthly electricity bill.  Figure  presents projected cost impacts in this form, 

along with error bars for those studies that include scenario analyses in addition to the base-

case analysis.  As shown in this figure, cost studies of state RPS policies in Eastern states 

(and, more specifically, in Northeastern states) generally forecast higher cost impacts than 

studies of state RPS policies in other parts of the country.  Four of the six highest projected 

RPS-induced cost impacts are from studies of Eastern states.  The higher expected costs in 

the East are attributable to the region’s lower renewable resource potential compared to 

elsewhere in the country and the higher costs of developing renewable projects in the 

Northeast.   Though the predicted costs of state RPS policies in the East may be relatively 

high compared to those in the rest of the country, the median monthly residential bill impact 

among the Eastern studies is still modest, at $0.75/month.  Among the other (non-Eastern) 
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states, the median monthly bill impact for an average household is $0.14/month.  All but four 

of these studies forecast monthly bill increases of less than $2.00 for an average household.   

 

5. Scenario Analysis  

Estimates of the future cost of state RPS policies are highly uncertain, and are greatly 

influenced by assumed input parameters.  Because of this, 24 of the 31 studies we reviewed 

include some form of scenario analysis using input assumptions that differ from those used in 

the base case analysis.   

 

Among the studies we reviewed, the scenarios that are most commonly modeled include 

variations in the assumed availability of the federal production tax credit, varying projections 

of renewable technology costs, fossil fuel price uncertainty, alternative RPS targets, and 

wholesale market price uncertainty (Figure ).  

 

The full range of sensitivity scenarios modeled by the state RPS cost studies in our sample 

are briefly and qualitatively described below:   

•••• Production Tax Credit availability: Reflects changes to the assumed duration of federal 

production tax credit (PTC) availability.   

•••• Renewable technology cost: Reflects changes to base-case renewable technology cost, 

fuel, and performance assumptions.   

•••• Fossil fuel price uncertainty:  Reflects changes to reference-case fossil fuel (typically 

natural gas) prices. 

•••• Wholesale market price uncertainty: Reflects changes to reference-case wholesale 

electricity market prices.   
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•••• Alternate State RPS target levels:  Reflects variations in the state RPS percentage 

target.   

•••• Financing/contract assumptions: Reflects changes to base-case renewable financing 

terms and/or different contractual arrangements for procuring renewable power.   

•••• Availability of imports: Reflects variations in the treatment of renewable power or RECs 

that are imported from nearby states or regions.  

•••• Carbon credit value: Reflects the value of renewable energy in reducing carbon dioxide 

emissions, especially if future regulations limit such emissions.  

•••• Resource eligibility: Reflects different definitions of RPS-eligible renewable generating 

technologies.   

•••• Demand for renewable energy from other sources: Reflects changes in demand for 

eligible renewable energy supply from other sources, such as voluntary green power 

programs or RPS policies in neighboring states.   

•••• Maximum compliance penalty cost: Reflects an assumption that electricity suppliers 

will pay the non-compliance penalty or alternative compliance payment that applies to the 

state RPS.  Penalties and alternative compliance payments can sometimes bound the 

maximum possible cost of a state RPS, because suppliers may choose to pay the penalty 

or alternative compliance payment when it presents a less costly alternative to purchasing 

renewable energy or RECs.         

•••• Load growth: Reflects changes to load growth assumptions.   

•••• Portfolio risk:  Reflects the cost risk associated with a given electricity generation 

portfolio.  Depending on their resource constitution, state RPS generation portfolios may 

have different levels of risk (with corresponding differences in rate impacts).    
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Due to the wide range of scenarios modeled and the different assumptions used within each 

type of scenario, it is difficult to draw definitive conclusions about the relative impact of 

different cost drivers.  Figure  and Figure , however, show the expected cost impacts of all of 

the scenario types modeled in the state RPS cost studies that we reviewed.4  Within a data 

column, each marker represents the change in projected monthly residential electricity bill 

impacts caused by an individual scenario from a single state RPS cost study.  Figure  presents 

data on scenario types that result in lower state-RPS-induced electricity bill impacts, while 

Figure  presents data on scenario types that generally result in higher electricity bill impacts.5  

 

Most individual scenarios do not appear to have major impacts on the projected base-case 

RPS costs.  With few exceptions, the residential electricity bill impacts of these scenarios – as 

measured by changes from the base case – are less than $1 per month.  Though such changes 

are not overwhelming, it is important to recognize that the median base-case residential 

electricity bill impact among the studies in our sample is just $0.46/month, with a range of -

$5.2/month to $7.1/month.  Therefore, even a $1/month change from this base-case is sizable 

in percentage terms, and demonstrates significant cost sensitivity to input parameters.6  

 

6.  Evaluation of Key Input Assumptions 

Potentially more important than the specific modeling approach used by any individual study 

are the various assumption required to model long term costs.  The cost of RPS policies will 

greatly depend on the cost of the renewable technologies employed to meet the RPS targets, 

the cost of energy that is displaced by the increase in renewable resources, the availability of 

incentives to reduce the cost of renewable resources, and the secondary costs associated with 

deploying renewable technologies.   
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A comparison of the assumptions across the RPS cost studies in our sample reveals that key 

assumptions are by no means uniform across studies and in some cases may under- or over-

estimate costs.  In this section, we examine in detail differences in four major input 

assumptions: the capital cost of wind technology, future natural gas prices, the future 

availability of the federal production tax credit, and secondary costs associated with 

renewable energy deployment.   

 

7.1  Wind Capital Cost Assumptions 

Wind power is often found to be the least-cost renewable energy source and, as noted earlier, 

wind is therefore expected to be the dominant technology in meeting state RPS requirements.  

As such, the assumed cost of wind can have a major impact on the projected cost of RPS 

policies.  For example, a change in wind capital costs of $100/kW roughly corresponds to a 

$5/MWh change in levelized generation costs.  

 

We find that the assumed cost of constructing wind projects varies considerably among the 

studies in our sample.   Among the 19 studies that present these data, for example, the highest 

capital cost estimate in the 2010-2015 timeframe (from Scenario 1 of the New York ICF 

study) is four times higher than the lowest estimate (from the Vermont study).  More 

generally, however, of the studies reviewed here, most predict wind capital costs of under 

$1300/kW, and some predict long-term costs well below this figure.  Notable is that current 

wind costs are in the $1600-2000/kW range (Wiser and Bolinger 2007), driven higher in 

recent years by adverse exchange rate movements, rising energy and steel prices, tight wind 

turbine manufacturing capacity, and a general rush to install wind projects while the federal 

production tax credit  remains in place.  As a result, the wind cost assumptions employed in 

most of the state RPS analyses presented here do not accurately reflect the current cost to 
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build a wind project.  This disparity between study expectations and current market reality 

suggests that (all else being equal) the actual cost impacts of state RPS policies may exceed 

those estimated in our sample of studies, especially if higher wind costs persist.   

 

7.2      Natural Gas Price Forecasts 

The difference between renewable energy costs and the cost of conventional power that 

would otherwise be used to meet load largely determines the projected rate impacts of RPS 

policies.  In many studies, the most important input to the avoided cost calculation is the 

natural gas price forecast.  This is due to two factors: (1) natural gas prices are highly 

uncertain, especially when compared to coal prices, making gas prices particularly difficult to 

predict; and (2) the majority of studies expect that increased renewable generation will 

largely displace natural gas-fired generation.   

 

The natural gas price forecasts used by the RPS cost studies in our sample have significant 

price discrepancies in the short term, though projected prices converge to some degree in the 

longer term.  Despite these variations, it is apparent that relatively low natural gas price 

forecasts were used by many of the studies in our sample.  The average base-case delivered 

natural gas price forecast in the initial peak target year of our study sample (2010 to 2025, 

depending on the study) is just $4.81/MMBtu.   Prices for 2007-2011 NYMEX natural gas 

futures, on the other hand, as well as the most-recent fundamental based natural gas price 

forecasts, have shown much higher price levels than the majority of the forecasts used in the 

cost studies.  As such, though low assumed wind costs have tended to result in under-

estimates of the costs of RPS policies, the low forecasts of natural gas prices have tended to 

push cost projections in the other direction.   

7.3 Federal Production Tax Credit (PTC) Availability 
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The federal PTC can “buy-down” the cost of renewable energy by roughly $20/MWh on a 

long-term, levelized cost basis.  As such, assumptions about the future availability and level 

of the PTC can greatly impact the predicted cost of state RPS policies.  

 

The assumed duration of PTC availability lacks consistency across studies, reflecting the 

political uncertainty surrounding PTC extension.  The final year of PTC availability in our 

sample of studies is most commonly assumed to be 2006.  Eight studies, however, assume 

PTC availability throughout the entire timeframe of their analysis, while nine studies do not 

appear to include the PTC in their analysis at all.  Though the PTC was recently extended 

through the end of 2008, its long-term fate remains highly uncertain.  As shown earlier, 

several studies have appropriately reflected this uncertainty in their analysis by modeling 

various PTC availability scenarios.     

 

7.4    Treatment of Secondary Costs 

Finally, to accurately reflect the true cost of renewable energy, it is not sufficient to only 

estimate busbar economics.  Instead, a variety of secondary costs and impacts must also be 

considered, including: transmission costs, operational integration costs, the cost of achieving 

resource adequacy, and administration and transaction costs.  These costs can be significant, 

especially for wind power, and can be particularly important in regions with transmission 

constraints and aggressive RPS targets (see, e.g., Giebel 2005; EWEA 2005; Smith et al. 

2004).   

 

The fact that many of the studies in our sample ignore some subset of these costs suggests 

that predicted RPS costs may be underestimated by these studies, all else being equal.  For 

example, though roughly half of the cost studies in our sample include transmission costs in 
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their analysis, few of the studies analyze these costs in a detailed fashion.  Similarly, only 12 

of the studies in our sample include the cost of integrating wind power into electricity system.  

 

7. A Brief Synopsis of the Projected Benefits of RPS Policies 

Many of the studies in our sample also evaluate the potential public benefits of RPS adoption, 

many of which are not directly factored in to the direct cost results presented earlier.  These 

benefits can be divided into three main categories: macroeconomic, risk mitigation, and 

environmental.  Figure  identifies the number of studies in our sample that model each of 

these potential benefits.  

 

Of those studies that evaluate possible macroeconomic influences, all but one predict some 

level of net employment gain, ranging from a few hundred to several thousand jobs created, 

but the magnitude of this impact varies widely and appears to depend more strongly on the 

assumptions of the studies than on the amount of incremental renewable generation required 

to meet the modeled state RPS policies.  These assumptions include the different mixes of 

renewable technologies developed, the proportion of in-state versus out-of-state renewable 

project development and manufacturing, and the incorporation (or lack thereof) of energy bill 

impacts into the macroeconomic analysis.  That growth in renewable energy generation may 

increase net employment is consistent with past analyses, which have often shown renewable 

energy to be more labor-intensive than conventional forms of electricity production (see, e.g., 

REPP 2001; Kammen et al. 2004). 

 

A number of the studies in our sample also model the risk mitigation benefits of an RPS, 

estimating a broad range of reductions in wholesale electricity and natural gas prices, while 

other studies evaluate the sensitivity of the projected cost of state RPS policies to variations 
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in the projected price of natural gas.  These analyses build – to some degree – off of recent 

analytic work by others (see, e.g., Elliot and Shipley 2005; Wiser and Bolinger 2006; 

Bolinger et al. 2006; Awerbuch 1993, 2003), and often find that the risk-mitigation benefits 

of renewable energy are sizable.  For example, the results of these analyses demonstrate that 

the value of renewable energy is especially great under scenarios of unexpectedly high 

natural gas and wholesale electricity prices.   

 

Not surprising, many of the studies quantify potential environmental benefits, most 

commonly carbon dioxide (CO2) emissions reductions.  Most of these studies indicate that 

RPS generation is expected to displace CO2 emissions at a rate that is, on average, 25% 

higher than that of a natural gas plant.  Though reductions in carbon emissions is not the sole 

– or even primary – justification used to support many state RPS policies, Figure 11 shows 

the implied CO2 abatement costs projected by those studies that estimate CO2 reductions, 

focusing again on the peak RPS target year of each study.7  CO2 abatement costs vary widely, 

from a low of -$427/MTCO2 in Texas (UCS) to a high of $181/MTCO2 ton in New York 

(ICF), with a median value of $5/MTCO2.  The wide variation in CO2 abatement costs is 

largely a reflection of the variation in retail rate impact projections among the studies.  

Although the spread of projected CO2 abatement costs across the studies is extremely broad, 

a majority of these studies project CO2 reduction costs that fall within the range of the U.S. 

Energy Information Administration’s projections of carbon reduction costs under various 

proposed regulatory regimes, as well as the carbon costs currently being assumed in utility 

planning (Wiser and Bolinger 2005).   
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8. Implications and Conclusions 

With a few exceptions, the long-term rate impacts of state RPS policies as projected by the 

studies reviewed here are expected to be relatively modest.  Only two of the 31 cost studies in 

our sample predict rate increases of greater than 5%, and 23 of the studies project rate 

increases of no greater than 1% (with six of these studies predicting rate decreases).  The 

median residential electric bill impact is +$0.46 per month, in the peak RPS target year.   

 

The studies in our sample utilize a variety of modeling approaches, methods, and data sources 

to estimate state RPS costs and benefits.  A standard study template has not yet emerged.   

It is true that more-sophisticated models can account for interesting and potentially 

significant natural gas and wholesale electricity price feedbacks and may therefore be better-

received by policymakers and RPS stakeholders.  These models may also be better able to 

capture the benefits of increased renewable energy deployment.   It is not entirely clear, 

however, that such models necessarily improve predictive accuracy, and it is not entirely 

clear that the national-scope of these models is fully appropriate for conducting state-level 

RPS analysis. The assumptions for the primary and secondary costs of renewable energy, as 

well as the cost of conventional generation offset by increased renewable energy deployment, 

are likely of far more importance than the type of model used.   

 

Though the RPS cost studies in our sample demonstrate some improvements and increased 

sophistication over time, improvements are still possible and needed. Based on our review, 

we identify a number of areas of possible improvement for future RPS cost-impact studies: 

 

• Improved treatment of transmission costs, integration costs, and capacity values.  

Transmission availability and transmission expansion costs have become among the most 
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important barriers to renewable energy in many jurisdictions, but these costs are often poorly 

understood and imprecisely modeled in RPS cost studies.  The capacity value of renewable 

energy (wind, in particular), as well as the cost of integrating renewable energy into larger 

electricity systems, are likewise emerging as potentially important variables, and studies 

analyzing RPS policies with relatively high incremental targets must be careful to properly 

account for these potential costs and impacts. 

• More rigorous estimates of the future cost and performance of renewable 

technologies.  As the renewable energy market continues to rapidly evolve and expand, the 

need for accurate, rigorous, and up-to-date estimates of renewable resource cost, 

performance, and potential is as acute as ever.  Unfortunately, some of the most commonly 

used data sources for the cost and potential of renewable generation technologies are 

somewhat dated and arguably not up to the task.  The use of up-to-date information would 

improve the credibility of RPS cost analysis and lend more weight to economic analysis of 

renewable technologies in general.     

• Estimating the future price of natural gas.  Where possible, base-case natural gas price 

forecasts should arguably be benchmarked to then-current natural gas futures prices (Bolinger 

et al. 2006).  Furthermore, given fundamental uncertainty in future gas prices, a healthy range 

of alternative price forecasts should be considered through sensitivity analysis.   

• Evaluation of coal as the marginal price setter.  With high natural gas prices, some 

regions are shifting away from natural gas and towards other resources, especially coal.  A 

few of the RPS cost studies already assume that coal is the marginal fuel type that is offset by 

increased renewable generation, but most of the studies assume that natural gas will be the 

primary source of displaced electricity generation.  New studies should more closely 

investigate the possibility that RPS generation may increasingly displace coal-fired and other 

non-gas-fired generation.  
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• Greater use of scenario analysis.  The inaccuracy of long-term fundamental gas price 

forecasts underscores the importance of using scenario analysis to bound possible outcomes.  

Not only is the future cost of conventional generation unknowable, renewable technologies 

themselves are experiencing rapid changes, both of which render the long-term impacts of 

RPS policies highly uncertain.  Such uncertainty can be evaluated, to a degree, through 

greater use of scenario analysis.  Some of the variables that may be most appropriate for 

scenario analysis include renewable technology potential and costs, future natural gas and 

wholesale electric prices, and the availability of other renewable energy incentives.  

• Consideration of future carbon regulations.  As some jurisdictions begin to implement 

carbon regulations, renewable generators may stand to benefit.  Although these trends may 

significantly reduce the incremental cost of the renewable generation that is required by RPS 

policies, the risk of future carbon regulation has only been modeled by four of the studies in 

our sample.  In future studies, we recommend that the risk of future carbon regulations be 

explicitly considered, at a minimum though scenario analysis.  

• More robust treatment of public benefits.  Though an increasing number of studies 

have modeled macroeconomic benefits, the assumptions driving these analyses are often 

inconsistent, and the wide range of results may detract from the credibility of such studies.  

More work is needed to identify the most feasible and defensible assumptions governing the 

public benefits of renewable energy, including the fossil fuel hedge value of renewable 

energy and the benefits of reduced carbon emission, in addition to employment and economic 

development impacts.     

 

The improvements listed above, if adopted, should lead to more accurate and realistic 

projections of the costs and benefits of RPS policies in the future.  In the meantime, it is 

difficult to assess whether the RPS cost studies reviewed in this article present overly 
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optimistic or overly conservative estimates of future costs.  Some of the assumptions in the 

cost studies that may result in an underestimation of actual RPS costs include: 

 

• Wind capital cost assumptions that appear too low in many cases, given recent 

increases in wind costs; 

• Transmission and integration costs that are not fully considered;  

• Lack of full consideration for the potential demand for renewable energy from other 

sources, such as demand from other state RPS policies;  

• Increased likelihood that coal-fired generation will set wholesale market prices in 

some regions which, in the absence of carbon regulations, may make renewable generation 

less economic than when renewable energy is presumed to compete with natural gas; and, 

• Expectations in some cases that the federal production tax credit (PTC) will be 

available indefinitely, which may be overly optimistic given the political uncertainty 

affecting PTC extension.   

 

Conversely, a number of other cost study assumptions may result in an overestimation of 

actual RPS costs, including: 

 

• Reliance on natural gas price forecasts that are almost universally substantially below 

current price expectations; 

• The impact of renewable energy in reducing natural gas and/or wholesale electric 

prices that have not been modeled in many of the studies; 

• The potential for future carbon regulations, which are ignored in most of the studies in 

our sample; and 
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• Expectations in many cases that the PTC will only be available for either a very 

limited period or not at all, which may be overly conservative.    

 

Actual RPS costs may differ from those estimated in the cost studies summarized in this 

article.  As states accumulate more empirical experience with actual RPS policies, future 

analyses should benchmark the cost projections from RPS cost studies against actual realized 

cost impacts as a way to both inform future RPS modeling efforts and better weigh the 

potential costs and benefits of RPS policies. 
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Table 1.  State RPS Policies as Modeled by RPS Cost Studies 
Study Overall 

RPS 
Target 

Incremental 
Renewables 

Needed to Meet 
Target 

Year 
Target is 
Reached 

Additional Notes 

AZ (PIRG) 20% 20% 2020   

AZ (PEG) 1% 1% 2002 Only eligible technology is solar 

CA (CRS) 33% 16.7% 2020 Target percentages are measured with respect to the 
load of investor-owned utilities 

CA (UCS) 20% 13.2% 2010   

CA (Tellus) 33% 11.2% 2020 Incremental to existing 20% RPS 

CA LADWP (EC) 20% 20% 2017 RPS applies only to the Los Angeles Department of 
Water and Power (LADWP) 

CO (PPC) 10% 6.5% 2015 Update to earlier study; includes credit multiplier for 
in-state resources and 0.4% set-aside for solar 

CO (UCS) 10% 6.3% 2015 Includes credit multiplier for in-state resources and 
0.4% set-aside for solar 

HI (GDS) 9.5% 3.8% 2010 Also models a 10.5% RPS target 

IA (WUC) 10% 8.6% 2015   

IN (EEA) 10% 10% 2017   

MA (SEA) 7% 7% 2012 2002 Update to original 2000 study 

MD (Synapse) 7.5% 7.5% 2013   

MI (NextEnergy) 7.0% 4.4% 2016 Also models 15% by 2025 

MN (WUC) 9% 9% 2010   

NC (LaCapra) 5% 5% 2017 Also models 10% target 

NE (UCS) 10% 10% 2012   

NH (UNH) 23.8% 16.3% 2025 Includes solar tier of 0.3% 

NJ (Rutgers) 20% 13.5% 2020 Incremental to existing 6.5% RPS; includes 
incremental solar tier of 0.64%.  

NY (CCAP) 8% 5.2% 2012   

NY (ICF) 25% 8% 2013 Resource tiers: at least 0.4% fuel cells and 0.4% solar 
PV 

NY (DPS) 25% 7.7% 2013 2004 update to original 2003 and 2004 studies; 
includes 0.15% customer-sited tier 

NY (Potomac) 25% 6.9% 2013 Includes 0.15% customer-site resource tier 

OR (Tellus) 20% 10.6% 2020   

PA (B&V) 10% 7.2% 2020 Update to earlier study; two-tiered RPS, but we only 
include results from the renewable energy tier  

RI (Tellus) 20% 18.4% 2020 Also models 10% and 15% targets 

TX (UCS) 10,000 
MW 

2.7% 2025 Also models 20% by 2020 target 

VA (CEC) 20% 16.9% 2015 Also models 15% target 

VT (Synapse) 10% 10% 2015 Also models 5% and 20% targets 

WA (Lazarus) 15% 15% 2023 RPS includes efficiency, but 15% target identified 
here only reflects renewables  

WA (UCS) 15% 11.9% 2020 RPS includes efficiency, but we only include results 
attributable to the renewable additions 

WA (Tellus) 20% 16.6% 2020   

WI (UCS) 10% 7.2% 2015 2006 update to original 2003 study 
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Figure 1.  State RPS Policies Currently in Place (September 2007)  
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Figure 4.  Incremental Renewable Energy Deployment by Study and Technology  
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Figure 5.  Projected Electricity Rate Impacts by RPS Cost Study 
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Figure 6.  Typical Residential Electricity Bill Impacts Projected by RPS Cost Studies 
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Figure 7.  Sensitivity Scenarios Modeled by RPS Cost Studies 
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Figure 8.  Changes to Base-Case Residential Monthly Electricity Bill Impacts by 
Individual Driver (Cost Decreasing Scenarios) 
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Figure 9.  Changes to Base-Case Residential Monthly Electricity Bill Impacts by 
Individual Driver (Cost Increasing Scenarios) 

 

2

7

16

6

7

9

9

12

0 5 10 15

Water Use Reduction

Criteria Pollutant Emissions Reduction

CO2 Emissions Reduction

Natural Gas Price Reduction

Wholesale Electric Price Reduction

Income

Gross State Product

Employment

E
nv

iro
nm

en
ta

l
R

is
k 

M
iti

ga
tio

n
M

ac
ro

ec
on

om
ic

Number of Studies Considering Each Scenario

 
Figure 10.  Potential Benefits Modeled by RPS Cost Studies 
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Figure 11.  Projected CO2 Abatement Costs in Initial Peak Year of RPS 

 


