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ABSTRACT 

 

Renewable portfolio standards (RPS), policies that encourage acquisition of electricity from 

renewable energy sources, have become popular instruments for discouraging the use of climate 

change inducing-fossil fuels. There has been limited research, however, that empirically 

evaluates their effectiveness. Using data gathered by three governmental entities – the federal-

level Energy Information Administration and two California agencies, the Employment 

Development Department and the Department of Finance – this paper investigates the impact of 

California’s RPS, one of the nation’s most ambitious such policies, on in-state renewable energy 

generation. It finds that the California RPS did not bring about a one-time increase in generation 

with its inception, nor did it compel an increase in generation over time. These results raise 

questions as to the best way to structure RPS policies in light of growing interest in the 

establishment of a national RPS.  

 

 

 

 

 



iv 

 

Acknowledgements  

 I would like to thank my thesis advisor, Professor Gillette Hall for her exceptional 

guidance as I pieced this paper together. Much is also owed to the members of the thesis 

workshop, whom she so wisely saw fit to bring together. Furthermore, I must acknowledge the 

statistical advice provided by Michael Barker and Professors Michael Bailey and David Konisky, 

which proved to be truly invaluable for someone as quantitatively-challenged as myself. 

Heartfelt thanks also go to my peer reviewers, Rachel Bodily, Amber Mahone, and Greg 

Siedschlag. Finally, I am extraordinarily grateful for my family – without their support, none of 

my accomplishments would be possible, and without their love, none of my accomplishments 

would be meaningful.   

Clifton Lee Yin – April 14, 2011 

 

 

 

 

 

 

 

 

 

 



v 

 

Table of Contents 

Chapter 1. Introduction……………………………………………………………………………1 

Chapter 2. Literature Review……………………………………………………………………...6 

Chapter 3. Conceptual Framework and Hypotheses……………………………………………..10 

Chapter 4. Data Description………………………......………………………………………….13 

Chapter 5. Analysis Methodology and Summary Statistics..………………………………..…...15 

Chapter 6. Regression Results and Discussion...………………………………………………...22 

Chapter 7. Policy Implications and Conclusion………………………………………………….28 

 

Bibliography………………………………………………………………………………...…...30 

 

 

 

 

 



1 

 

Chapter 1. Introduction 

 The United States and other members of the global community have long grappled with 

developing the most effective policy options to decrease fossil fuel consumption and increase 

consumption of renewable energy, spurred by the threat of catastrophic climate change caused by 

greenhouse gas emissions. The 2010 United Nations Climate Change Conference in Cancún, 

Mexico, the 16
th

 such meeting to date, marked only the latest failure to establish binding legal 

commitments from members of the world body to reduce carbon emissions following the Kyoto 

Protocol’s expiration at the end of 2012.  Meanwhile, in the U.S., despite a year of intense 

negotiations, political wrangling, and the precedent set by the U.S. House of Representatives – 

which passed similar legislation in 2009 – the summer of 2010 witnessed the failure of the U.S. 

Senate to pass comprehensive climate change mitigation legislation. It was the most recent in a 

long line of unsuccessful efforts to enact a cap-and-trade system in the U.S., following the 

puttering out of national debate on a carbon tax.  

 In spite of these setbacks, individual American states have increasingly turned to 

implementing renewable portfolio standards (RPS) in order to boost renewable energy 

consumption in lieu of energy derived from more traditional, greenhouse gas-emitting sources. 

Generally, a RPS obligates utilities to derive a specified portion of their energy from renewable 

sources, such as wind, solar, and biomass energy. Twenty-nine states plus the District of 

Columbia and Puerto Rico now have some sort of RPS – of varying ambition and enforcement 

method – on the books, with another seven having laid out voluntary goals.
1
 The policy tool is 

not a new one; the Iowa state legislature passed the Alternative Energy Production law requiring 

the state’s two investor-owned utilities to acquire a combined total of 105 megawatts of 

                                                           
1
 Database of State Incentives for Renewables and Efficiency. (2010). RPS Policies. Retrieved November 15, 2010, 

from http://www.dsireusa.org/documents/summarymaps/RPS_map.pptx.  
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electricity from renewable sources in 1983.
2
 Proponents contend that a RPS can encourage in-

state renewable energy development and consumption, at which point states can reap the 

reliability, job growth, public health, and environmental benefits of having a more diverse energy 

portfolio. As the perceived threat of climate change has grown, so too have RPSs emerged as a 

measure to support renewable energy development over traditional fossil fuel-derived energy. 

Fossil fuel power plants and petroleum refineries, after all, together constituted close to 40 

percent of the greenhouse gas pollution in the United States in 2010.
3
  

 The popularity of this policy tool among individual states has led to a burst of interest in 

a national RPS. Senators Jeff Bingaman (D-MN) and Sam Brownback (R-KS), for example, 

proposed legislation in September 2010 which would require utilities to derive 15 percent of 

their power from renewable sources by 2021.
4
 President Barack Obama’s 2011 State of the 

Union address also addressed the issue, albeit by pushing for a broader “clean energy” standard 

that would potentially go beyond renewable sources and also include nuclear, clean coal, and 

natural gas: “I challenge you to join me in setting a new goal: by 2035, 80 percent of America’s 

electricity will come from clean energy sources.”
5
 

 As more and more consideration is given to a national energy standard of some shape or 

form, it is critical to consider just how effective RPS frameworks have been in encouraging in-

                                                           
2
 Pew Center on Global Climate Change. (2010). Renewable & Alternative Energy Portfolio Standards. Retrieved 

December 5, 2010, from http://www.pewclimate.org/what_s_being_done/in_the_states/rps.cfm.  
3
 Environmental Protection Agency. (2010). Press Release – EPA to Set Modest Pace for Greenhouse Gas 

Standards /Agency stresses flexibility and public input in developing cost-effective and protective GHG standards 

for largest emitters. Retrieved March 16, 201,1 from 

http://yosemite.epa.gov/opa/admpress.nsf/d0cf6618525a9efb85257359003fb69d/d2f038e9daed78de8525780200568

bec!OpenDocument.  
4
 Office of United States Senator Jeff Bingaman. (2010). Press Release – Bingaman & Udall Introduce Bill That 

Shifts Country Toward Clean Energy, Helps Create Jobs. Retrieved October 18, 2010, from 

http://bingaman.senate.gov/news/20100921-01.cfm.  
5
 Samuelsohn, D. (2011, January 25). Clean Energy Standard’ Pushed. Politico [online]. Retrieved January 25, 2011, 

from  http://www.politico.com/news/stories/0111/48192.html.  
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state renewable energy generation. California, the nation’s most populous state, with the 8
th

 

largest economy in the world, is an excellent case study. In addition to supplying approximately 

1.8 percent of the total global – and 7.5 percent of the United States’ – greenhouse gas emissions, 

the state has long been a leader in environmental protection, having implemented a wide array of 

initiatives to do everything from curbing greenhouse gas emissions to promoting energy 

efficiency and alternative fuel vehicles. It has had one of the nation’s most ambitious RPSs in 

place since 2002, which sets a target rate of increase in renewable energy, and a penalty for those 

companies that fall short of the target proportional to how far below the target they fall (Kup et. 

al 2009).
 
   

 California’s RPS, established in 2002 to take effect the following year, required investor-

owned electric utilities to increase procurement of renewable energy by at least 1% annually 

until they reached 20% by 2017. Eligible renewable sources include solar, wind, geothermal, and 

biomass, but does not include, notably, hydroelectric power. The program has since been 

modified multiple times. In 2006, the standard was accelerated to the target of having 20% of 

California’s electricity come from renewable sources by 2010, seven years ahead of the original 

goal. Governor Arnold Schwarzenegger then signed Executive Order S-14-08 in November 

2008, directing state agencies to work towards a new RPS target of 33% by 2020. Governor Jerry 

Brown, finally, codified that new target when he signed legislation to that effect into law in April 

2011. 

 California’s RPS has thus far been deemed a modest success, with the state’s three largest 

private utilities, for example, having collectively served 18% of their retail electricity sales with 
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renewable power in 2010.
6
 It is important to note, however, that electricity imports are included 

in the standard. This has not stopped some of the standard’s proponents from using its potential 

to encourage in-state renewable energy generation as a selling point. “When a renewable energy 

facility is built inside the state and generates electricity inside the state,” the Union of Concerned 

Scientists stated in a press release on the subject, “we have the highest level of certainty that 

electricity produced will displace generation from in-state fossil fuel facilities.”
7
 In fact, 

increasing in-state renewable energy generation at the expense of fossil fuels was explicitly cited 

as one of the hoped for benefits of the RPS in the legislation authorizing it in the first place in 

2002, Senate Bill 1078: 

(b) Increasing California’s reliance on renewable energy resources may promote stable 

electricity prices, protect public health, improve environmental quality, stimulate 

sustainable economic development, create new employment opportunities, and reduce 

reliance on imported fuels [emphasis added].  

 (c) The development of renewable energy resources may ameliorate air quality problems 

throughout the state and improve public health by reducing the burning of fossil fuels and 

the associated environmental impacts [emphasis added].
8
 

The question of whether or not California’s RPS helps increase in-state renewable energy 

generation – separate from the issue of increasing renewable energy consumption as a percentage 

of total energy consumption – is a timely one indeed in light of the recent acceleration of the 

state standard and growing political momentum for a national standard. RPS policies like that of 

California cannot be considered effective policy tools in the fight against climate change if they 

                                                           
6
 California Public Utilities Commission (2010). California Renewable Portfolio Standard (RPS). Retrieved 

November 15, 2010 from http://www.cpuc.ca.gov/PUC/energy/Renewables/index.htm. 
7
 Union of Concerned Scientists (2010). Press Release – California Legislature to Reconsider Renewable Electricity 

Standard. Retrieved April 10, 2011, from http://www.ucsusa.org/news/press_release/california-renewable-

electricity-standard-0409.html.  
8
 Sher, B. (2002). Senate Bill .umber 1078.  Retrieved April 8, 2011, from 

http://www.energy.ca.gov/portfolio/documents/documents/SB1078.PDF.  
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simply encourage the importation of renewable energy.  This paper will thus attempt to gauge the 

effectiveness of California’s RPS in promoting the in-state development of renewable energy, as 

a means towards the goal of phasing out climate change-inducing fossil fuels.  
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Chapter 2. Literature Review 

 RPSs are relatively new policy tools and as such there are a limited number of rigorous 

studies on the subject. As mentioned earlier, the American experiment with state RPSs began in 

1983, with Iowa’s requirement that its two investor-owned utilities – MidAmerican Energy and 

Alliant Energy Interstate Power and Light – procure 105 megawatts of energy from renewable 

sources. Nevertheless, it was only in the 2000s, as the broader subject of climate change 

mitigation gained greater attention and the use of RPSs as a policy tool as part of that effort 

gained ground, that a substantive literature on their effectiveness emerged. 

 In a study considered a pioneering work in establishing the environmental and economic 

benefits of well-crafted RPSs, Berry and Jaccard (2001) looked at RPSs in Australia, three 

European countries, and nine U.S. states. Although the authors explored design considerations – 

selecting a target and eligible renewable resources, for example – in detail, they admitted that it 

was too early to gauge the effect of RPSs. Palmer and Burtraw (2005), meanwhile, predicted the 

impacts of a theoretical, national American RPS of varying degree and found while it could be 

expected to decrease fossil fuel generation, gas and electricity prices would rise as a 

consequence. The paper did talk up the theoretical national RPS as a policy to promote 

renewable energy, but compared it unfavorably to a carbon cap policy. A third study went much 

further in its criticism of a federal RPS, providing, again, a purely qualitative argument against 

the efficiency of such a policy framework and opining that existing state RPSs had been mostly 

empty gestures (Michaels 2007).  

 As state-level RPSs proliferated – Rabe (2006) noted that ten states enacted RPS policies 

in the years 2004 and 2005 alone – the focus of research papers shifted accordingly. Wiser et al. 
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(2005) critiqued the regulatory structure of thirteen state RPS policies. That paper concluded that 

narrow applicability, insufficient duration and stability of targets, and insufficient enforcement 

were among the design criteria that could lead to ineffective RPSs. Though the authors refrained 

from evaluating California’s standard due to it being relatively new at the time, they did note that 

the standard was the most complex of the thirteen they covered and cautioned that this 

complexity could lead to regulatory uncertainty. Rabe (2006) presented case studies of five U.S. 

states that had a RPS on the books – Colorado, Massachusetts, Nevada, Pennsylvania, and Texas 

– and touched on the policy’s ability to drive renewable energy generation, but focused mostly 

on the political process that preceded implementation. Indeed, looking at the factors that drive 

the decision of state governments to approve RPSs has been a popular paper topic in the past 

decade; one, for example, utilized a cross-sectional analysis of state adoption of RPSs finding 

education level and Democratic Party legislative dominance to be a significant explanatory 

variable (Huang et al. 2007). Another pointed to low amounts of existing renewable energy 

generation, poor air quality, smaller oil and natural gas industry, and a high percentage of 

congressional seats occupied by Democrats as correlated antecedents (Lyon and Yin, 2008). Yi 

(2010), although similarly focusing on the political determinants behind renewable energy 

deployment, did observe RPSs to be more effective at stimulating renewable energy 

development than tax incentives.  

 Within the universe of RPS-related literature, only six studies of note have employed 

econometric analysis to gauge the impacts of state RPSs (Menz and Vachon, 2006; Adelaja et al., 

2010; Kneifel, 2008; Chen et al., 2009; Powers and Yin, 2010; Carley, 2009). Furthermore, 

Menz and Vachon (2006) and Adelaja et al. (2010), looked only at RPSs’ effect on the wind 

power industry, though they both did find a positive correlation between the two. Kneifel (2008), 
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meanwhile, found that only RPS policies that explicitly mandate increased renewable energy 

capacity in terms of megawatts effectively increase in-state renewable capacity. While thorough, 

the study is limited in its failure to sufficiently differentiate between the differing frameworks 

across states and its comparing RPSs with other state policies such as Clean Energy Funds and 

Required Green Power Options instead of evaluating them on their own merits. Chen et al. 

(2009) focused on the effect of RPSs on state retail electricity rates, finding modest cost increase 

impacts. Carley (2009) and Powers and Yin (2010) are probably the gold standards in regard to 

empirical evaluations of RPSs. Carley (2009), using state-level data from 1998 to 2006, did not 

find RPS implementation to be a significant predictor of renewable energy generation as a 

proportion of total energy, but did find a positive correlation between RPS and renewable energy 

generation over time. Powers and Yin (2010), meanwhile, studied the correlation between state 

RPSs and in-state renewable energy development and in fact found the former, on average, to 

have both a significant and positive effect on the latter. That paper is comprehensive in both 

scope and detail, developing an empirical framework to examine the extent to which recent 

growth in renewable capacity in all 50 states can be attributed to RPS policies, while accounting 

for differences in regulatory strength. Though their results generally bode well for the 

effectiveness of state RPSs, Powers and Yin (2010) did observe that the inclusion of a penalty – 

a key design component of California’s RPS – does not have a statistically significant effect on 

in-state renewable energy generation.  

 While some RPS-researchers have honed in on the California case, however, there 

apparently have been as of yet no rigorous quantitative studies focusing specifically on the effect 

of the state RPS on in-state renewable energy generation. Mahone et al. (2009) looked at the 

California RPS, but in light of making energy efficiency investment in the state more cost-
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effective. Kup et al. (2009), while providing a thorough overview of California’s RPS in the 

context of whether or not it is on track to meet the newest target of 33% by 2020, did not do so 

through the use of econometrics. The time is thus ripe for a detailed, quantitative analysis of 

California’s unique policy experience.  
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Chapter 3. Conceptual Framework and Hypotheses 

 While existing literature has mostly been favorable to RPSs in general, the dearth of 

research specific to California’s case makes it challenging to formulate a theory as to its 

effectiveness. State policymakers were optimistic from the outset, but there have been troubling 

indicators from policy analysts since then. Wiser et al. (2005), as previously mentioned, 

criticized the California RPS for being too complex. Kup et al. (2009), similarly, identified 

regulatory uncertainty as a key obstacle to state utilities meeting the most recently set standard 

target of 33% renewables procurement by 2020. 

 It is worth noting that Wiser et al. (2005) did point out that the state’s three largest 

investor-owned utilities were compelled to procure a “significant amount of renewable 

resources” in 2002 in advance of the RPS taking effect in 2003, providing compelling, if 

anecdotal evidence of the RPS providing an initial boost in in-state renewables generation with 

its own launch. On the other hand, Yin and Powers (2010), despite finding a positive correlation 

between a state having a RPS and in-state renewable energy generation, on average, for the 16 

states covered in their study, singled out California as a case where the data indicates neither a 

“break point” at the RPS’ inception nor a significant growth in in-state renewable energy 

generation over time. They note that the increasing in-state renewable energy generation from 

2003 onwards “appears to be a simple continuation of the pre-existing trend.” A plot of in-state 

renewable energy generation as a proportion of total energy over time, in Figure 1, below, 

supports the authors’ suspicions. 

 Each point in Figure 1 represents the percentage of California’s total energy that was 
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derived from RPS-eligible renewable sources for a single month from 2001-2009.
9
 Separate 

trend lines are plotted for the data from 2001-2002, when the RPS was not in effect, and for the 

data from 2003-2009, when the RPS was in effect. Although the trend lines do not control for 

other factors, not only is there no indication of a “break point” boost with the RPSs’ coming into 

effect at the beginning of 2003, but also in-state renewable energy generation appears to have 

been following a slightly downward slide in the years since then.  

 This paper will therefore attempt to evaluate the effectiveness of California’s RPS on in-

state renewable energy generation and test the following hypotheses through statistical analysis: 

                                                           
9
 Discussion of the data used in Figure 1 – the dependent variable – can be found in Chapter 4, “Data Description.”  
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 Hypothesis1: The commencement of California’s RPS in 2003 did not provide an initial 

 boost for in-state renewable energy generation – there should not have been a statistical 

 “break  point.” 

 Hypothesis2: California’s RPS has not been positively correlated with in-state renewable 

 energy in the years since its inception in 2003. 

 The hypotheses, however disheartening, are in line with the empirical findings of Carley 

(2009). The author found RPS policies to have no statistically significant impact on in-state 

renewable energy generation. Rather, that study revealed that electricity market trends and state 

fiscal indicators to be significant predictors of renewable energy percentage growth. Mahone et 

al. (2009), incidentally hinted at this in their calculating that, absent rising natural-gas prices, the 

marginal cost of non-renewable energy generation remained substantially lower than that of new 

renewable energy development. Ultimately, if this paper echoes the findings of Carley (2009), a 

fresh look at what the true drivers of in-state renewable energy development under RPS regimes 

may be needed. 
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Chapter 4. Data Description  

 Data for this study was culled from several reputable sources: the Energy Information 

Administration (EIA) of the U.S. Department of Energy (DOE) and two California state 

government agencies, the Employment Development Department and the Department of 

Finance. State-level energy data used to construct the dependent variables was obtained from the 

document “2001 – Present Net Generation by State by Type of Producer by Energy Source” in 

the “Electric Power Monthly” online database maintained by the EIA and thus considered highly 

reliable. The data is readily available for public use. Statistics were compiled via the EIA’s 

annual collection of mandatory reports on electricity capacity and generation filed by every 

power plant in the United States; the current incarnation is the Form EIA-923, but there have 

been a variety of predecessor forms dating back to when the EIA first began collecting data in 

this manner in 1989.
10

  

 Monthly data for average state electricity price, state retail gasoline price, and state 

natural gas price were all obtained from the EIA as well. The electricity price data also 

constitutes part of the EIA’s “Electric Power Monthly” report but was compiled differently than 

the state-level energy data. The average state electricity prices were gathered through the use of a 

separate document, Form EIA-826, which was distributed to a statistically chosen sample of 

electric utilities across the United States.
11

 In regard to the gasoline price data, retail prices for all 

three grades of gasoline – regular, midgrade, and premium – are collected every Monday under 

the auspices of the EIA from a sample numbering approximately 900 gasoline outlets, including 

38 in California. That data is in turn used to calculate weighted average price estimates at the 

                                                           
10

 For a very detailed description of the EIA’s data-gathering methodology, see: 

http://www.eia.doe.gov/cneaf/electricity/epm/appenc.pdf.  
11

 The EIA’s sampling model for this process can be seen here: 

http://www.eia.doe.gov/cneaf/electricity/forms/eiawebme.pdf.  
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state level.
12

 Although data was available on a weekly basis, the price for the first week of every 

month was chosen as the proxy for the month for this study. State natural gas price data, 

meanwhile, came from the EIA’s Natural Gas database but is actually compiled from survey 

reports gathered by the Federal Energy Regulatory Commission and the Office of Fossil Energy 

of the U.S. Department of Energy in addition to the EIA.13  

 Data for monthly state unemployment rate and housing authorizations was gathered from 

the online homes of two California government agencies, the Employment Development 

Department and the Department of Finance, respectively. The former information is readily 

available online from multiple sources, including the federal Bureau of Labor Statistics. The 

latter information is published every two months on the Department of Finance’s website as part 

of a regular “California Economic Indicators” summary report of state economic trends.  

 

 

 

 

 

 

 

                                                           
12

 For descriptions of the EIA’s data-gathering methodology, sampling methodology, and a primer on gasoline 

prices, see: http://www.eia.doe.gov/oil_gas/petroleum/data_publications/wrgp/mogas_home_page.html.  
13

 For a full description of the surveys used to compile the data, see: 

http://www.eia.doe.gov/pub/oil_gas/natural_gas/data_publications/natural_gas_monthly/current/pdf/appendix_b.pdf.  
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Chapter 5. Analysis Methodology and Summary Statistics 

 This study employs the two following ordinary least squares, time series regression 

models: 

For H1: Y = β0 + β1RPS + β2month + β3-β14(January – December) + β15naturalgasprice  + 

 β16gasolineprice+ β17averageelectricityprice + β18unemploymentrate + 

 β19housingauthorizations + ε 

For H2: Y = β0 + β1RPS + β2month + β3RPS*month + β4-β15(January – December) + 

 β16naturalgasprice + β17gasolineprice+ β18averagelectricityprice + β19unemploymentrate 

 + β20housingauthorizations + ε 

…where RPS is a dummy variable and RPS*month is an interaction variable. 

 

Dependent Variables 

 The main dependent variable is RPS-eligible renewable energy as a share of total energy 

generated by the state power industry. The variable was constructed by adding up the monthly 

electric power industry generation in megawatt hours, from 2001-2009, of power derived from 

wind, solar thermal and photovoltaic, wood,
14

 geothermal, and other biomass sources
15

 and 

dividing the sum by total monthly electricity generated in-state. In addition to the 

aforementioned renewable energy sources, the total electricity generated-figure includes coal, 

petroleum, natural gas, other gases derived from fossil fuels, and nuclear energy. Multiple 

regressions with both models were also run with each component source of renewable energy – 

again as a proportion of total in-state energy generation, i.e. wind-derived power as a proportion 
                                                           
14

 “Wood’ includes paper pellets, railroad ties, utility poles, wood chips, bark, red liquor, sludge wood, spent sulfite 

liquor, and black liquor, with other wood waste solids and wood-based liquids,” as stated by the EIA.  
15

 “Other biomass’ includes biogenic municipal solid waste, landfill gas, sludge waste, agricultural byproducts, other 

biomass solids, other biomass liquids, and other biomass gases (including digester gases and methane),” as stated by 

the EIA. See Chapter 4, Data Description section for EIA dataset details.  
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of total energy generated in California over the course of October, 2001, was 0.016 – as the 

dependent variable in order to develop a sense of the RPS policy’s impact on the development of 

individual in-state renewable energy industries.  

 

Independent Variables of Interest 

 RPS, the independent variable of interest, was constructed as a binary “dummy” variable 

that equals 0 in the years 2001 and 2002 and 1 in the years 2003-2009, when the RPS policy was 

in place in California. This approach to capturing the effect of a state’s RPS is similar to the one 

taken by Yin and Powers (2010), who were themselves expressly inspired by Menz and Vachon 

(2006) and Adelaja and Hailu (2010). It is used in the regression model for H1. 

 RPS*month is an interaction of the RPS dummy variable and month – a monthly variable 

to account for the effect of the passage of time – in order to gauge the effect of the RPS over 

time since its inception in 2003. RPS*month is used in the regression model for H2. 

 

Other Independent Variables 

 Dummy variables are employed for every month of the year, January to December. 

Commonsense and a simple look at a scatter plot of the data (Figure 2) suggest serial 

autocorrelation. This can be attributed to seasonal changes from month to month, with weather 

likely to particularly impact the generation of solar and wind power. While OLS estimates 

remain unbiased and consistent, autocorrelation can reduce the efficiency of those estimates and 

also result in faulty standard errors if not corrected. As such, in addition to the inclusion of the 

twelve month control variables, Prais-Winsten transformation is used to estimate the study’s 

regression models.  
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 The variables naturalgasprice and gasolineprice are included as proxies for fossil fuel 

alternatives to renewable energy. As both increase, utilities are expected to attempt to diversify 

their energy portfolio and further develop renewable energy resources. Natural gas is a direct 

substitute for renewable energy. Increasing gasolineprice, meanwhile, is expected to also 

increase public demand for renewable energy, which should contribute to development. 

While only half of gasoline prices, according to the EIA, can be directly attributed to the 

fluctuating price of crude oil, to a lesser extent a substitute for renewable energy in California, 

the gasolineprice variable also helps capture economic trends.  

 This analysis also includes two commonly used economic indicators, unemploymentrate 

and housingauthorizations, representing monthly state unemployment rates and new housing 

units authorized by building permits. Carley (2009) concluded that state economic factors are 
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significant predictors of in-state renewable energy development. As renewable energy is 

something of a luxury good, the assumption is that a robust economy will boost in-state 

renewable energy development while a weak economy will discourage it.  

 Finally, averagelectricityprice - a variable for average state monthly retail electricity 

prices for the residential, commercial, and industrial sectors – is included, as it can influence 

demand for renewable energy. Both Powers and Yin (2010) and Carley (2009) predicted the sign 

of the overall effect to be ambiguous in their discussion of variables. On the one hand, high 

electricity prices could make renewable energy development more feasible as the states seeks to 

diversity its supply, but on the other hand, it could discourage utilities from investing in 

renewable energy, which is marginally more expensive than conventional sources. High prices 

could also make it politically difficult to pass the extra costs of shifting to renewable energy to 

consumers. Ultimately, both papers found a negative correlation between electricity price and in-

state renewable energy generation, though it was only statistically significant in the regression 

model of Carley (2009).  

 

Additional Econometric Issues 

 As renewable energy development generally occurs over a long-term time frame and the 

requirements set by California’s RPS are annual, it would have made sense to use annual data. 

This paper employs monthly data instead of annual data for statistical power. As California’s 

RPS experience is still only eight-years old, annual data would simply not provide enough 

information points to conduct a rigorous quantitative analysis – even an N of 108, for each 

month in the years 2001-2009, is already considered small. Monthly data therefore affords the 

opportunity to quantitatively evaluate what is still a relatively young policy program.  
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 The extent of the study only goes as far back as 2001 due to a lack of suitable data. 

Searching for reliable data specific to the state of California and relevant to the study of RPSs, 

rare as that is, was made all the more difficult by the additional constraint of an ideal need for 

monthly data, as discussed above – though quarterly and annual data was considered for possible 

control variables. Ultimately, compiling a mishmash of dependent and independent variables, 

some monthly, some quarterly, and some annually, in order to extend the coverage of the study 

was deemed counterproductive. A two-year window to establish the renewable energy 

development trend prior to the establishment of the RPS is sufficient for the purposes of this 

study. In the future, as data either becomes more readily available or enough time passes to 

conduct a study using annual data, an even more rigorous and comprehensive analysis might be 

undertaken.  

 Several RPS studies of note – Lyon and Yin (2008), Carley (2009), and Yin and Powers 

(2010), for example – have included a “LCV” variable as a proxy for state environmental 

consciousness. LCV is shorthand for League of Conservation Voters, a national environmental 

activist organization. The LCV annually releases scores of Senators and Representatives from all 

fifty states, using their voting records to rank them on how favorable they were to an 

environmental legislative agenda in the preceding year. A LCV variable that averaged the scores 

of California’s federal representatives was included in earlier experimental regressions for this 

study, but 1) the fact that LCV scores are only available on an annual basis reduced the 

usefulness of a potential variable based on that data, and 2) an annual variable did not appear to 

have a statistically significant effect on the results in any case. Furthermore, there was little 

variation in the LCV scores of California’s officials from year to year and the LCV variable is 

primarily used to account for variation across multiple states, which is why it was ultimately not 
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included in the final regression models. It is also not unusual to see studies include variables for 

political party control of the state legislature and governorship, the thinking being that 

Democrats are more committed to increasing renewable energy generation (Lyon and Yin, 

2008). Again, such variables are better served in studies encompassing more than one state. 

Regardless, the Democrats held a solid majority in both houses of the state legislature and the 

same Republican held the governorship for all of 2003-2009, the years covered in this study 

when the RPS was in effect.  

 Summary statistics for the variables are displayed in Table 1, below.  
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 Table 1. Summary Statistics 

Variable Mean Minimum Maximum 

 

Dependent Variables  

(As a share of total energy generated in-state) 

 

Wind 

 

 

 

 

 

.0225 

(.0091) 

 

 

 

 

.0077 

 

 

 

 

.0453 

 

Solar 

 

 

Wood 

 

.0027 

(.0016) 

 

.0183 

(.0032) 

 

.0001  

 

 

.0126 

 

.0059 

 

 

.0319 

 

Geothermal 

 

 

Other Biomass 

 

 

Total RPS-Eligible Renewable 

 

 

Independent Variable of Interest 

 

RPS 

 

 

Control Variables 

 

.0652 

(.0084) 

 

.0113 

(.0014) 

 

.12  

(.0121) 

 

 

 

.7778 

(.4177) 

 

.0452  

 

 

.008 

 

 

.0903 

 

 

 

 

0 

 

.0852  

 

 

.0142  

 

 

.1491 

 

 

 

 

1 

 

Natural Gas Price (dollars/thousand cubic feet) 

 

 

Gasoline Price (dollars/gallon)
 

 

 

Unemployment Rate 

 

 

Housing Authorizations (thousands) 

 

7.9656 

(2.2906) 

 

2.397 

(.7365) 

 

.0661 

(.0194) 

 

145.9463 

(62.7373) 

 

3.31 

 

 

1.129  

 

 

.047 

 

 

33.1 

 

14.34 

 

 

4.55 

 

 

.123 

 

 

273.1 

 

Average Electricity Price (cents/kilowatt hour) 

 

12.1424 

(1.2625) 

 

8.71 

 

 

15.33  

 

  

 

Standard deviations in parentheses; .=108 for all variables 
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VARIABLES (1) (2) (3) (4) 

          

RPS 0.0011 0.0016 0.0018 0.7684*** 

 

(0.005) (0.005) (0.006) (0.166) 

Month 0.0001 0.0000 -0.0001 0.0014*** 

 

(0.000) (0.000) (0.000) (0.000) 

January 0.0107** 0.0146** 0.0157*** 0.0133*** 

(0.004) (0.006) (0.006) (0.005) 

February 0.0119** 0.0156*** 0.0166*** 0.0143*** 

(0.004) (0.006) (0.005) (0.005) 

March 0.0195*** 0.0236*** 0.0246*** 0.0211*** 

 

(0.004) (0.006) (0.006) (0.005) 

April 0.0228*** 0.0269*** 0.0276*** 0.0239*** 

 

(0.004) (0.006) (0.005) (0.005) 

May 0.0236*** 0.0271*** 0.0276*** 0.0246*** 

(0.004) (0.005) (0.005) (0.004) 

June 0.0237*** 0.0250*** 0.0251*** 0.0239*** 

(0.003) (0.003) (0.003) (0.003) 

August -0.01 -0.0002 0.0001 -0.0007 

 

(0.003) (0.003) (0.003) (0.003) 

September 0.0032 0.0052 0.0058 0.0037 

 

(0.004) (0.004) (0.004) (0.004) 

October 0.0128*** 0.0159*** 0.0171*** 0.0133*** 

(0.004) (0.005) (0.005) (0.004) 

November 0.0132*** 0.0168*** 0.0180*** 0.0138*** 

(0.004) (0.005) (0.005) (0.005) 

December 0.0055 0.0097 0.0112* 0.0060 

 

(0.005) (0.006) (0.006) (0.005) 

Natural Gas Price -0.0002 0.0001 0.0006 0.0007 

 

(0.001) (0.001) (0.001) (0.001) 

Gasoline Price -0.0027 -0.0028 -0.0005 -0.0002 

(0.004) (0.004) (0.004) (0.003) 

Average Electricity Price 0.0017 0.0019 0.0001 

(0.002) (0.002) (0.001) 

Unemployment Rate 

  

0.2407** 0.2222*** 

   

(0.110) (0.079) 

Housing Authorizations 

  

0.0000 -0.0000 
 

  

(0.000) (0.000) 

RPS*Month -0.0015*** 

(0.000) 

Constant 0.0723 0.0716 0.0998 -0.5957*** 

(0.045) (0.045) (0.061) (0.152) 

     Observations 108 108 108 108 

R-squared 0.552 0.558 0.573 0.650 

     Semi-robust standard errors in parentheses. * denotes significance at the 10% level, ** denotes significance at the 5% level, and *** 

denotes significance at the 1% level. The “July” dummy variable is automatically dropped due to collinearity; it functions as the base value.  

Chapter 6. Regression Results and Discussion 

Table 2. Prais-Winsten AR(1) Regression 
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 Table 2 presents the Prais-Winsten estimates of the models with a dependent variable 

equal to the proportion of California’s energy derived from renewable sources. Control variables 

are gradually introduced in Estimations (1) and (2), culminating in Estimation (3), which deals 

with H1 – the commencement of California’s RPS in 2003 did not provide an initial boost for in-

state renewable energy generation – and Estimation (4), which deals with H2 - California’s RPS 

has not been positively correlated with in-state renewable energy in the years since its inception 

in 2003. 

 Although the sign on the effect of RPS is positive, the coefficient is not statistically 

significant in any of the first three estimations. This is in line with Hypothesis1: the start of 

California’s RPS did not appear to act as an impetus for in-state renewable energy development. 

As first suggested by the plotting of data in Figure 1, there was no statistical “break point.” The 

coefficient on RPS is both positive and statistically significant in Estimation (4), but due to its 

being part of the interaction variable in that model, it cannot be accurately interpreted as 

capturing the effect of RPS implementation.
16

 Much of the change in in-state renewable energy 

generation thus appears to be linked to seasonal variation and not economic factors or state 

electricity trends. The fact that none of the control variables are statistically significant, with the 

notable exception of unemploymentrate, suggests that those factors were not driving in-state 

renewable energy development during the time frame covered by this study.  

 The sign of the statistically significant unemploymentrate is positive and therefore 

unexpected. This implies that increases in the state unemployment rate – that is, the economy 

getting worse – are positively correlated with in-state renewable energy generation. On a purely 

speculative note, one possible explanation might be that investors and utilities are anticipating 
                                                           
16

 The pitfalls associated with scholars attempting to interpret the constitutive elements of interaction variables are 

addressed in depth by Brambor et al. (2006). 
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renewable energy to be the “next big thing” and developing it early in the hopes of reaping 

economic rewards in the future. The results could also very well be spurious.  

 Hypothesis2 is also supported by the regression results. The interaction variable 

RPS*Month is both negative and highly statistically significant, albeit of a small magnitude. 

Estimation (4) indicates that every additional month since the establishment of California’s RPS 

in 2003 is expected to lead to a 0.15% decrease, on average, in in-state renewable energy 

generation. 

 Table 3, below, presents the results of regressions looking at the effect of RPS on the 

major, individual renewable energy sources that qualify under the policy and have been the focus 

of this study: wind, solar, wood, geothermal, and other biomass. Again, the establishment of 

California’s RPS appears to have had no discernible initial impact on in-state renewable energy 

generation. The sign on otherbiomass is positive and statistically significant, but barely so. 

Seasonal variation again appears to help explain changes in in-state renewable energy 

generation.  

 Finally, Table 4, below, presents the results of regressions looking at the effect of the 

RPS policy over time on individual renewable energy sources, through the inclusion of the 

RPS*Month interaction variable. Slightly negative, strongly statistically significant correlation is 

found between this variable and the in-state generation of energy from solar, wind, and 

geothermal sources.  

 To be sure, the findings of this paper’s econometric analysis should be taken with a 

proverbial grain of salt. The electricity market is highly complex and it is altogether possible that 

all the elements affecting in-state renewable energy generation were not adequately captured in 
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the regression models. That being said, it is one thing to discover that the RPS coming into effect 

did not have an initial boost on California’s renewable energy generation – it can take years for a 

new facility to come on-line. It is quite another to find that the RPS can be associated with 

decreasing generation over time, even while controlling for an economic downturn which only 

just began at the end of the time frame covered in the models. One possible explanation is the 

regulatory uncertainty resulting from constantly shifting the standard target. California’s RPS 

changed from 20% of total energy procured from renewable sources by 2017 to 20% by 2010, to 

33% by 2020, all within the span of six years. In addition, Executive Order S-21-09, signed by 

Governor Arnold Schwarzenegger in September 2009, shifted the responsibility for 

administering the RPS from the California Public Utilities Commission and the California 

Energy Commission to the California Air Resources Board.17 The former two organizations are 

now tasked with serving advisory roles. Nevertheless, this move made the regulatory framework 

of the RPS all the more confusing, possibly discouraging investment in new in-state renewables 

facilities.   

 

 

 

 

 

 

                                                           
17

 Office of the Governor of the State of California. (2009). Executive Order S-21-09. Retrieved March 17, 2011 

from http://gov.ca.gov/news.php?id=13269. 



26 

 

 

  (1) (2) (3) (4) (5) 

VARIABLES Wind Solar Wood Geothermal Other Biomass 

            

RPS -0.0018 0.0001 0.0000 0.0023 0.0009* 

(0.002) (0.000) (0.001) (0.003) (0.000) 

Month 0.0001** -0.0000 -0.0000 -0.0001** -0.0000 

 

(0.000) (0.000) (0.000) (0.000) (0.000) 

January -0.0143*** -0.0033*** 0.0072*** 0.0232*** 0.0032*** 

 

(0.002) (0.000) (0.001) (0.003) (0.001) 

February -0.0110*** -0.0026*** 0.0048*** 0.0221*** 0.0036*** 

(0.002) (0.000) (0.001) (0.003) (0.000) 

March -0.0026 -0.0012*** 0.0042*** 0.0211*** 0.0035*** 

(0.002) (0.000) (0.001) (0.003) (0.000) 

April 0.0049** -0.0005 0.0031** 0.0180*** 0.0025*** 

 

(0.002) (0.000) (0.001) (0.003) (0.000) 

May 0.0094*** 0.0005 0.0008 0.0154*** 0.0019*** 

 

(0.002) (0.000) (0.001) (0.002) (0.000) 

June 0.0093*** 0.0011*** 0.0029*** 0.0104*** 0.0014*** 

(0.001) (0.000) (0.001) (0.002) (0.000) 

August -0.0023* -0.0001 0.0004 0.0018 0.0003 

(0.001) (0.000) (0.001) (0.002) (0.000) 

September -0.0053*** -0.0006** 0.0019* 0.0088*** 0.0011*** 

 

(0.002) (0.000) (0.001) (0.002) (0.000) 

October -0.0066*** -0.0018*** 0.0041*** 0.0194*** 0.0024*** 

 

(0.002) (0.000) (0.001) (0.002) (0.000) 

November -0.0128*** -0.0027*** 0.0056*** 0.0244*** 0.0037*** 

(0.002) (0.000) (0.001) (0.003) (0.000) 

December -0.0144*** -0.0036*** 0.0052*** 0.0213*** 0.0031*** 

(0.002) (0.000) (0.002) (0.003) (0.001) 

Natural Gas Price 0.0004 -0.0001 0.0001 0.0002 0.0000 

 

(0.000) (0.000) (0.000) (0.000) (0.000) 

Gasoline Price -0.0011 0.0004* -0.0004 0.0003 -0.0000 

 

(0.002) (0.000) (0.001) (0.002) (0.000) 

Average Electricity Price 0.0003 -0.0002* 0.0005 0.0014* 0.0001 

(0.001) (0.000) (0.000) (0.001) (0.000) 

Unemployment Rate 0.0122 0.0103* 0.0731*** 0.1266** 0.0207** 

(0.042) (0.006) (0.024) (0.054) (0.008) 

Housing Authorizations 0.0000 -0.0000 0.0000** 0.0000 0.0000 

 

(0.000) (0.000) (0.000) (0.000) (0.000) 

Constant -0.0390 0.0084** 0.0192 0.0917*** 0.0099* 

 

(0.024) (0.003) (0.015) (0.030) (0.005) 

      Observations 108 108 108 108 108 

R-squared 0.808 0.876 0.554 0.730 0.701 
 

 
Semi-robust standard errors in parentheses. * denotes significance at the 10% level, ** denotes significance at the 5% level, and *** 

denotes significance at the 1% level. The “July” dummy variable is automatically dropped due to collinearity; it functions as the base value.  

Table 3. Prais-Winsten AR(1) Regression 

RPS and Individual Renewable Sources 
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  (1) (2) (3) (4) (5) 

VARIABLES Wind Solar Wood Geothermal Other Biomass 

            

RPS 0.0998 0.0285*** 0.1980*** 0.4166*** 0.0274* 

(0.083) (0.011) (0.038) (0.077) (0.016) 

Month 0.0003* 0.0000** 0.0003*** 0.0007*** 0.0000 

 

(0.000) (0.000) (0.000) (0.000) (0.000) 

 

RPS*Month -0.0002 -0.0001*** -0.0004*** -0.0008*** -0.0001 

 
(0.000) (0.000) (0.000) (0.000) (0.000) 

January -0.0145*** -0.0034*** 0.0063*** 0.0214*** 0.0031*** 

(0.002) (0.000) (0.001) (0.002) (0.000) 

February -0.0112*** -0.0027*** 0.0039*** 0.0204*** 0.0035*** 

(0.002) (0.000) (0.001) (0.002) (0.000) 

March -0.0030 -0.0013*** 0.0030** 0.0188*** 0.0033*** 

 
(0.002) (0.000) (0.001) (0.002) (0.000) 

April 0.0045** -0.0006* 0.0018 0.0156*** 0.0023*** 

(0.002) (0.000) (0.001) (0.002) (0.000) 

May 0.0090*** 0.0004 -0.0002 0.0135*** 0.0018*** 

(0.002) (0.000) (0.001) (0.002) (0.000) 

June 0.0092*** 0.0011*** 0.0025*** 0.0097*** 0.0014*** 

 
(0.001) (0.000) (0.001) (0.002) (0.000) 

August -0.0024* -0.0002 0.0001 0.0013 0.0003 

 
(0.001) (0.000) (0.001) (0.001) (0.000) 

September -0.0056*** -0.0006*** 0.0013 0.0075*** 0.0011*** 

(0.002) (0.000) (0.001) (0.002) (0.000) 

October -0.0071*** -0.0019*** 0.0029** 0.0171*** 0.0022*** 

(0.002) (0.000) (0.001) (0.002) (0.000) 

November -0.0132*** -0.0029*** 0.0043*** 0.0217*** 0.0035*** 

 
(0.002) (0.000) (0.001) (0.002) (0.000) 

December -0.0150*** -0.0038*** 0.0036*** 0.0180*** 0.0028*** 

 
(0.002) (0.000) (0.001) (0.003) (0.001) 

Natural Gas Price 0.0004 -0.0000 0.0001 0.0003 0.0000 

(0.000) (0.000) (0.000) (0.000) (0.000) 

Gasoline Price -0.0009 0.0004* -0.0003 0.0003 -0.0000 

(0.002) (0.000) (0.001) (0.002) (0.000) 

Average Electricity Price 0.0001 -0.0002*** -0.0001 0.0003 0.0000 

 

(0.001) (0.000) (0.000) (0.001) (0.000) 

Unemployment Rate 0.0102 0.0097* 0.0662*** 0.1189*** 0.0200** 

 

(0.040) (0.005) (0.018) (0.036) (0.008) 

Housing Authorizations -0.0000 -0.0000* 0.0000 -0.0000 -0.0000 

(0.000) (0.000) (0.000) (0.000) (0.000) 

Constant -0.1286* -0.0166* -0.1531*** -0.2925*** -0.0134 

(0.077) (0.010) (0.034) (0.070) (0.015) 

      
Observations 108 108 108 108 108 

R-squared 0.819 0.899 0.699 0.825 0.721 

 
Semi-robust standard errors in parentheses. * denotes significance at the 10% level, ** denotes significance at the 5% level, and *** 

denotes significance at the 1% level. The “July” dummy variable is automatically dropped due to collinearity; it functions as the base value.  

Table 4. Prais-Winsten AR(1) Regression 

RPS*Month Interaction and Individual Renewable Sources 
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Chapter 7. Policy Implications and Conclusion 

 The empirical results of this study deliver an unfortunately negative verdict on the 

effectiveness of California’s RPS as a driver of in-state renewable energy generation. The RPS 

appears to have neither induce a bump in generation with its inception, nor contributed to the 

increase of in-state renewable energy generation with the passage of time. Californians pride 

themselves on leading the nation in environmental activism, as represented not only by the RPS, 

but by state energy efficiency initiatives and AB 32, a landmark law passed in 2006 to reduce 

greenhouse gas emissions in the absence of federal action. State policymakers, however, may 

have to rethink the framework of California’s RPS.  

 Although this study was in part inspired by the predominance of work in the existing 

RPS-literature focusing on RPS design and implementation considerations and a lack of analyses 

of effectiveness, the former work can now be eminently useful in understanding why California’s 

RPS appears to be ineffective. Is enforcement too lax? Are the financial penalties too low? Or as 

was discussed in Chapter 6, was the RPS target changed too repeatedly? For example, Wiser et 

al. (2005), which evaluates RPS design features, pointed to a RPS as being “predictable” as one 

of seven “best practices” policy design principles. The others were “socially beneficial” (the 

policy must be sufficiently committed to increased renewable energy generation ), “cost effective 

and flexible,” “nondiscriminatory,” “enforceable,” “consistency with market structure,” and 

“compatibility with other policies.” Furthermore, just as this study conducted an empirical 

evaluation of the effectiveness of solely California’s RPS, whereas the vast majority of existing 

literature looked at the experiences of multiple states, future research could specifically examine 

the design of California’s RPS.  
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 What makes a RPS well-designed is an important question to consider as the federal 

government moves to follow the states’ example and establishing a national RPS. Whether or not 

such a policy is the ideal method of promoting greater renewable energy development is also a 

valid question. The threat of catastrophic climate change has resulted in a scramble to implement 

comprehensive policy solutions like cap-and-trade, binding international emissions caps, and 

carbon taxes in order to promote renewable energy generation, discourage usage of fossil fuels, 

and limit greenhouse gas emissions. Such proposals, however, may not be the “silver bullets” 

their proponents often make them out to be, and RPSs – at least those designed along the lines of 

that of California – do not appear to fall under that idealized category either. As RPSs continue 

to be part of the energy and climate change debate at the state, national, and even international 

level, policymakers must be sure to call on more research before deciding on the best path to a 

renewable energy future.  
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