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ABSTRACT 
 

  
 The Renewable Portfolio Standard (RPS) has become a popular mechanism for states to 

promote renewable energy and its popularity has spurred a potential bill within Congress for a 

nationwide Federal RPS. While RPS benefits have been touted by several groups, it also has 

detractors. Among the concerns is that RPS standards could raise electricity rates, given that 

renewable energy is costlier than traditional fossil fuels. The evidence on the impact of RPS on 

electricity prices is murky at best: Complex models by NREL and USEIA utilize computer 

programs with several assumptions which make empirical studies difficult and only predict slight 

increases in electricity rates associated with RPS standards. Recent theoretical models and 

empirical studies have found price increases, but often fail to comprehensively include several 

sets of variables, which in fact could confound results.  

 Utilizing a combination of past papers and studies to triangulate variables this study aims to 

develop both a rigorous fixed effects regression model as well as a theoretical framework to 

explain the results. This study analyzes state level panel data from 2002 to 2008 to analyze the 

effect of RPS on residential, commercial, and industrial electricity prices, controlling for several 

factors including amount of electricity generation from renewable and non-renewable sources, 

customer incentives for renewable energy, macroeconomic and demographic indicators, and fuel 
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price mix. The study contrasts several regressions to illustrate important relationships and how 

inclusions as well as exclusion of various variables have an effect on electricity rates.  

 Regression results indicate that the presence of RPS within a state increases the commercial 

and residential electricity rates, but have no discernable effect on the industrial electricity rate. 

Although RPS tends to increase electricity prices, the effect has a small impact on higher 

electricity prices. The models also indicate that jointly all renewable energy generation as well as 

non-renewable energy generation have an impact on residential, industrial, and commercial 

price. In addition coal price, personal income, and the number of net metering customers in a 

state impact commercial, industrial and residential electricity rates.  There are two main policy 

implications that stem from this study. First is that while RPS has an impact on residential and 

commercial electricity rates, the magnitude is small, especially given the average consumption 

patterns of households and commercial customers. The second policy implication is that it is that 

given the significance of several explanatory variables in the theoretical model it is important to 

discuss the relevance of RPS within the context of electricity sources, both renewable and non-

renewable, demand side programs, economic factors, as well as fuel costs. 
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Chapter 1.  Introduction 
 

Over time, due to the rise of energy prices, the idea of conservation of energy has moved 

from philosophical debate to solutions that address such concerns. One of the major thrusts today 

in industry is the idea of renewable energy to generate electricity in lieu of fossil fuels. Of course 

renewable energy has enjoyed a consistent rise in the share of the US energy consumption with 

7.4 percent in 2008 (EIA 2010). What is especially relevant is that between 2007 and 2008, 

renewable energy consumption grew 8.7 percent to 7.356 quadrillion Btu while the total energy 

US consumption dipped by 2 percent in the midst of recession (EIA 2010).  

While renewable energy has indeed take off in both theory and application, one key set of 

policies that have been an enabler of renewable energy for electricity generation is the renewable 

portfolio standard (RPS) (Fischer 2006). RPS can be defined as a variety of ways. Fischer (2006) 

defines them as “obligations, green certificates, and the like, these market share requirements 

require either producers or users to derive a certain percentage of their electricity from renewable 

sources.” The EPA’s definition (2009) implies a cost component: “A mechanism to increase 

renewable energy generation using a cost-effective, market-based approach that is 

administratively efficient. An RPS requires electric utilities and other retail electric providers to 

supply a specified minimum amount of customer load with electricity from eligible renewable 

energy sources. The goal of an RPS is to stimulate market and technology development so that, 

ultimately, renewable energy will be economically competitive with conventional forms of 

electric power.” This definition implies that there is an assumption that renewable energy is not 

competitive in terms of price with other forms of energy. 

Currently, close to 60 percent of states had established some form of RPS by 2008, with 

RPS proliferation skyrocketing in the past few years (DSIREUSA 2008). As seen in Figure 1, 
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since 2002, RPS programs have seen an upsurge in enactments of the requirements (Union of 

Concerned Scientists 2008 and DSIREUSA 2002-2008). Given this push by states, RPS as a 

requirement also came into the national forefront with the American Clean Air Leadership Act 

bill which calls for a renewable energy standard for the United States.  Advocates of these 

policies insist that such RPS create a market demand for renewable energy, helps the 

environment, and reduces electricity prices (EPA 2009).   

While much of the benefits and liabilities have been debated, a special point of 

contention has been the RPS and its impact on electricity prices. The debate has raged on for 

several years about RPS and its effect on prices. Conservatives such as Robert Michaels (2006) 

have insisted that RPS standards may in fact raise electricity prices. Others such a Carolyn 

Fischer (2006) have emphasized that depending on assumptions, the results can be quite varied. 

Finally, extensive models from the US Energy Information Administration (US EIA), with 

significant assumptions have also insisted that price increases should be minimal (Chen 2007). 

There is however a dearth of empirical, econometric, or regression models that look at the 

relationship between RPS and electricity prices. 

Given the importance of the relationship to policy making and the relative lack of 

empirical research, the paper will evaluate the relationship between the existence of Renewable 

Portfolio Standards within a state and the electricity prices. My hypothesis is that as states adopt 

RPS there should be a positive impact on electricity prices in the short run, due to the effective 

displacement of more abundant and lower priced fuels such as coal and natural gas.  
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Chapter 2.  Literature Review 

For the purposes of this study, a Renewable Portfolio Standard (RPS) is essentially any 

legislation or regulation that requires supplier portfolios of electricity to have a certain amount of 

electricity generation derived from renewable energy (American Coal Council 2009).  The 

history of RPS can be traced back to the early 1990s, an innovation combined with policies that 

caught hold in California, and the nascent versions of RPS were intertwined with state 

restructuring initiatives. Over time, RPS policies and legislation has proliferated with 29 states 

having some sort of standard in 2008, as seen in Figure 1. 

Figure 1: RPS Adoption by States1

 

                                                 
1
 Adapted from a combination of data from DSIREUSA and visual framework from Union of Concerned Scientists 
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 RPS generally establishes quantitative targets for each state to obtain electricity from 

renewable energy sources, with the percentages that increase over time. Due diligence to 

standards is handled by a variety of regulatory mechanisms and regimes, but renewable energy 

credit (REC) trading forms a large component of compliance as well (Barbose and Wiser 2008).  

What makes the study of RPS important is the debate that rages on many sides. The 

discussion includes concerns about the idea that RPS would raise electricity prices. At first blush 

it would seem that this field is rife with a significant amount of research of RPS and electricity 

prices. This is true, however much of it is in the form of reports from the US EIA (2009). The 

US EIA utilizes the National Energy Modeling Systems (NEMS) which is essentially a complex 

set of models that estimate prices. Extensive reports such as the one by Lori Bird, Caroline 

Chapman, Jeff Logan, Jenny Sumner, and Walter Short (2010) evaluates the impact of RPS 

standards on electricity prices. The analysis uses yet another model known as the National 

Renewable Energy Laboratory’s Regional Energy Deployment System (ReEDS) that simulates 

how electricity generation, capacity, and transmission in the US would change based on “what-

if” scenarios which include several levels of carbon cap combined with a range of RPS targets. 

This provides policymakers a sense of how carbon caps, and RPS combinations can affect 

combined outcomes of energy generation and electricity price. The paper generally concludes 

that RPS scenarios do not result in significant increases in electricity prices. Their rationale is 

that although RPS requires a large amount of initial capital to fund nascent technologies, the cost 

of fuel delivered to utilities are reduced, which could defray some of the cost of electricity. 

While there are several supporters of RPS standards, much of them have couched the 

benefits of RPS within the context of climate change, fuel diversity and the lack of volatility of 

electricity prices (Union of Concerned Scientists 2008).  Robert Michaels (2008) of the Cato 
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Institute attacks this issue head on and provides three critical insights relevant to this thesis. First 

is that the NEMS modeling utilized by US EIA is not a substitute for empirical research due to 

the fact that they utilize thousands of assumptions, and it is difficult to determine which 

assumptions seem to drive which outcomes. Second Michaels does concede that supposing the 

supply of gas is strictly vertical, a national RPS standard could result in the shift the demand 

curve for natural gas to the left, thereby resulting in a lower equilibrium price, decreasing gas 

prices in the short run. Third, Michaels also hints towards the implication of demand-side 

management with respect to wind. It is argued that wind in fact will become the most viable and 

popular renewable energy source. However due to transmission and reliability, wind would 

require more proactive demand-side management, otherwise there is the potential for higher 

electricity rates.  

Along those lines, the CRS Report to Congress (2007) on the national RPS standard also 

puts forth some powerful arguments.  First, it insists that electricity rates would indeed increase 

if there were to be a nationwide RPS. The study states that both the Southeastern Association of 

Regulatory Utility Commissioners and the Edison Electric Institute insist that electric utilities 

will have to resort to buying renewable energy at a higher cost and pass these costs in the form of 

higher prices for consumers. 

At a fundamental level, the economic models of firm behavior imply that organizations 

may not minimize costs in non-competitive markets. Fabrizio K. R., N. L. Rose and C. Wolfram 

(2007) find in their paper that electricity restructuring (deregulation) actually results in efficiency 

gains in utilities, which in turn could translate into lower prices for consumers. This has two 

implications for RPS: First is that the idea that RPS can be viewed as a tax that requires 

producers to have a certain percentage of energy come from renewable energy. If RPS indeed 



 

6 
 

functions as a tax, moving away from pure competitive outcomes, then the impact on customer 

or producer would be based on the price elasticity of demand and supply (Gayer 2008). Second 

implication is that it is important to separate the effects of deregulation from that of RPS when 

considering RPS effect on price. The importance is illustrated by the likes of prior studies have 

found that electricity price is a key determinant of whether a state adopts restructuring or 

deregulation (Fagan 2006).  

There are several empirical studies that have been performed that attempt to identify the 

effect of RPS on electricity prices. In comparison to Michaels (2008), Fisher (2006) put forth a 

more complex conceptual model of energy supply and demand to determine the price impact of 

RPS.  On the heels of the previous assumption, she insists that an RPS is essentially a subsidy to 

those who produce renewable energy and a tax on those who produce fossil fuels or non-

renewable energy. The idea she asserts is that if the supply curve for renewable energy is not flat, 

a subsidy will tend to reduce prices, and conversely a tax on fossil fuels (or non-renewable 

energy) will tend to increase prices. She also makes several important points: First that the 

relative price elasticities of renewable and non-renewable energy are more important than that of 

just natural gas. This is an important nuance to the argument by many that renewable energy will 

displace natural gas; therefore the demand for natural gas will fall, and thus result in lower 

electricity prices.  Second she insists that there also has to be an evaluation of the relative 

elasticities of the natural gas, renewable energy, and to some extent non-renewable energy 

supply curves. That is whether price will go up or down depends on how RPS affects the 

interactions of the various types of energy supply. 

Constant Tra (2009) in the seminal paper builds on this model whereby there should be 

an increase in electricity prices given the elasticities of renewable and non-renewable energy 
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supply curves. States with large amount of renewable energy should have elastic supply curves. 

In such states, the adoption of RPS would not result in a sharp increase in electricity rates. In 

contrast, those states that do not have or produce as much renewable energy, would see steeper 

supply curves; in such cases an RPS might result in a sharp increase in electricity prices. Overall 

the paper finds that having an RPS on average raises electricity rates in that state. 

Daniel Hansen, Laurence Kirsch, and Michael O’Sheasy (2007) also performed a fixed 

effects regression and found that RPS states tend to have a more rapid increase in average 

electricity prices, than non-RPS states.  In contrast to Tra’s paper Hansen (2007) controls for 

natural gas prices, coal prices, and the energy generation mix for each state to distill generation 

and price effects. 

What have not been explored more deliberately in empirical studies of RPS effect on 

electricity price are three areas: First is the idea of why states adopt RPS standards and whether 

any such variables are correlated with electricity prices. Second is whether the demand side 

programs such as net metering and green pricing, which can be related to RPS, influence 

electricity prices. Third, Renewable Energy Credits (REC) trading programs are an effective way 

for states to achieve RPS requirements, without having to develop renewable energy 

indigenously. The presence of REC trading allowances in fact could suppress electricity prices 

(Union of Concerned Scientists, 2008). Since REC as well as energy is managed in regional 

clusters, which invariably cross state boundaries, information on REC could it is important to 

evaluate the effect of RPS on price (Hurlburt 2008). 

There are several studies that have attempted to identify variables that affect the adoption 

of RPS standards by states. Of the many papers, the independent variables can be categorized 

into several categories: variables that capture energy potential; lobby interests in favor of 
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renewable energy; macroeconomic indicators; and political variables. Within these the energy 

potential variables were not found to be significant by Chandler (2009), and the paper reports 

that earlier studies had also not produced significance. Lyon and Yin (2007) found that RPS are 

more likely to be present in states with higher renewable resources, and low amounts of existing 

renewable electricity generation. Such variables are also likely correlated with electricity prices, 

and their inclusion in empirical models is warranted. Many of the papers have found the state 

legislatures that are dominated by the Democratic Party seemed to positively influence RPS 

adoption. Similarly Chandler (2009) also found state executive and legislative dominance by a 

particular political party to have a positive correlation with RPS adoption or non-adoption. In 

terms of macroeconomic indicators, market deregulation was also correlated with RPS standards 

in the Lyons and Yin (2007) study, and per-capita disposable income was seen as positively 

correlated with RPS standards. In addition Alavalpati and Huang (2007) found that population 

growth rates to be significantly correlated with RPS adoption.  

The second area of literature rests on the exploration of demand-side management 

programs such net-metering and green-pricing programs. Net metering is program administered 

by states aimed to incentivize renewable energy generation at a small, local scale (Forsyth, 

Pedden, and Gagliano 2002). Net metering programs allow residential, commercial, and 

industrial customers who generate their own electricity from renewable sources to defray or 

credit power beyond what they consume from their electric bill. The paper by Forsyth, Pedden, 

and Gagliano (2002) provides an overview of the process and suggests that net metering could be 

a way for customers to defray costs of electricity prices. It is also likely that the amount of net 

metering customers within a state is correlated with RPS standards and also the price of 

electricity within the state. 
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Chen and Wang (2008) also present a market model that ties together the interactions 

between the Green Pricing programs, Emissions Trading programs, and Greenhouse gases. The 

study concludes that Greenhouse gases, green pricing, which commands on average a higher 

price for electricity from renewable energy, and the price of renewable energy credits (RECs) 

can interact in such a way that it increases the profit for utilities or load sharing entities. 

Therefore within the context of RPS standards, it is critical to evaluate green-pricing and REC 

trading within states to isolate the effects of RPS on price. 
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Chapter 3.  Hypothesis, Theoretical Model, and Data 
 
 
Hypothesis 
 

The hypothesis is that Renewable Portfolio Standards (RPS) will increase retail 

electricity prices, holding constant both unobserved state characteristics that are time invariant 

and certain observed variant characteristics. In a traditional OLS model, there are a multitude of 

unobserved characteristics such as geographic size and potential of renewable resources that can 

significantly confound the effect of RPS on electricity rates. This problem has been solved by 

previous researchers by specifying a fixed-effects regression under the assumption that 

characteristics that can affect electricity price and RPS adoption are time invariant. While this 

assumption is valid, there are indeed additional variables that are correlated with RPS adoption 

and electricity prices that are time-variant. In several papers, researchers have found correlation 

between such variables as population growth rate, and personal income (Chandler, 2008).    

 
Theoretical Model 
 

The basic regression is as follows: 

Pricest = β0 + β1 *RPSst  + β2 *generationst + β3* other regulatory factorsst + β4*variant 

controlsst + ε 

Price will be the residential, commercial, and all-retail price for electricity (cents per 

kilowatt hour), for the total industry. The RPS variable would indicate whether there is an RPS 

mandate in state s and time (year) t. Here the expectation would be that the presence of an RPS 

standard would reflect the higher costs of electricity generation as well as the propensity for 

population to endure higher electricity prices in return for a cleaner environment.  

Generation grouping contains two sets of critical variables. They are the coal industry, 

gas industry consumption/generation, and renewable industry generation/consumption of 
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electricity. These are critical variables are time variant, vary by state, and are generally 

correlated with electricity prices. It is likely that renewable energy will displace natural gas 

rather than coal due to RPS standards. This would make each kilowatt more costly and 

consequently prices would rise (Fischer 2006). The renewable generation variables themselves 

should be negatively correlated with electricity price. Previous literature has established some 

measure of correlation between renewable electricity generation and RPS standards (Yin 2007, 

Tra 2009). Other generation variables including coal, nuclear, and petroleum have been 

identified to have some relationship with electricity prices (Basheda et al. 2006). Perhaps the 

most compelling past study is that of Gallardo (2010) where study results indicate a correlation 

between the levels of electricity generated from fossil fuels and hydroelectric power, in the 

adoption of RPS. The paper theorizes that states with higher fossil fuel generation may have 

political pressure to resist RPS. In addition the paper also hypothesizes that states with high 

hydroelectric power output might have less reason to adopt RPS since they might see RPS as a 

way to sell their renewable energy via REC to other states, rather than fulfill stringent RPS 

requirements for their own state. In general this provides very compelling reasons to include the 

host of generation variables. In addition pumped storage was added to capture the relationship 

between efforts to manage electric load at critical times (Basheda et al. 2006). This variable 

should be positively correlated with price; a storage increase should reflect a decrease in demand 

and therefore lower electricity prices. Finally to minimize omitted variable bias the other 

generation and other gas generation were also added. 

The next sets of variables are other regulatory factors related to renewable energy that are 

time variant. Some examples include the presence of net metering and green pricing programs. 

The rationale for including such variables is that net metering and green pricing directly 
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influence the customer in how much and the type of electricity they consume which can be 

correlated with price. To effectively capture the interaction of price of other fuels and generation, 

the price of coal, natural gas, and petroleum delivered to electric utilities is also captured. One 

should see this offset of natural gas by renewable energy become more prominent in states that 

have high coal and natural gas generation of electricity, along with higher prices. On the other 

hand there should be less of a price increase in a state where there is a larger portion of the 

electricity generated via renewable energy. 

The next sets of variables are variant controls. The literature review suggests that there 

are several variables that are correlated with the adoption of RPS standards. Such variables are 

also correlated with electricity prices, and vary across states and are time variant. One example 

of this is population growth rate. Population growth rate has been linked with adoption of RPS 

standards and is likely to be linked to electricity prices as well (Chandler 2008). The next 

variable in this set which is time-variant is personal income. The idea behind inclusion of this 

variable is that as personal income rises, consumers are more willing to pay a higher price for 

electricity and also vote to adopt RPS standards. This relationship has previous precedent. 

Income growth is a proxy for the demand for electricity (Observatoire Méditerranéen de 

l’Energie 2007). This variable could also be related to RPS and holding this constant, we would 

be better able to isolate the effects of RPS on price.  

To evaluate the effects of RPS on residential, commercial, and industrial price, the 

dependent variable is specified for three sets of dependent variables, one for residential, 

commercial, and industrial price as seen in Table 1a. The independent variables remain the same 

except for number of net metering and green pricing residential, commercial, and industrial 

customers. These variables vary based on whether the dependent variable is residential, 
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commercial, or industrial price. 

 

Table 1a: Theoretical Model 

Type of Model Dependent 
Variable 

Variable 
of Interest 

Generation Variables Other Regulatory 
Factors 

Variant 
Controls 

Residential 
Electricity price 

Residential 
price 

RPS Gas, Nuclear, Biomass 
Nuclear, Wood 
Petrol, Coal 
Solar, Wind,  
Hydrogen,  
Geothermal, Other gas, Other 
generation 

Coal price, gas 
price, natural gas 
price, number of 
residential net 
metering residential 
customers, number 
of green pricing 
residential 
customers 

Personal 
income, 
Population 

Commercial 
electricity price 

Commercial 
price 

RPS Gas, Nuclear, Biomass 
Nuclear, Wood 
Petrol, Coal 
Solar, Wind,  
Hydrogen,  
Geothermal, Other gas, Other 
generation 

Coal price, gas 
price, natural gas 
price, number of 
commercial net 
metering customers, 
number of 
commercial green 
pricing customers 

Personal 
income, 
Population 

Industrial electricity 
price 

Commercial 
price 

RPS Gas, Nuclear, Biomass 
Nuclear, Wood 
Petrol, Coal 
Solar, Wind,  
Hydrogen,  
Geothermal, Other gas, Other 
generation 

Coal price, gas 
price, natural gas 
price, number of 
industrial net 
metering customers, 
number of industrial 
green pricing 
customers 

Personal 
income, 
Population 

The model assumes to hold constant that those variables that are time variant and affect 

all the states. For instance these variables include national GDP and overall economic trends. 

The model also accounts for state level characteristics that are time invariant: variables as the 

state’s potential for renewable energy and other factors unique to geography and natural 

resources, and even terrain are held constant. What are accounted for in the model are also 
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variables that differ from state to state and are time variant. The variables specified in the model 

control for a majority of these factors. Other variables such as state level GDP could be included, 

but would result in a significant overlap or multicollinearity between such variable as personal 

income. 

There are two notable omissions in this model. First is the variable for state-wide 

electricity restructuring. It is well regarded that state-wide restricting has a significant effect on 

competitive behavior and prices. Regulatory restructure has been identified as factor in 

electricity prices. In a theoretical sense, restructuring, would result in competition which should 

decrease prices. However a variable that would record whether a particular state is restructured 

or not would not have much variation from 2002 to 2008 and such variation is critical for a fixed 

effects regression. The second omission is whether a state participates in a Renewable Energy 

Credit (REC) program. This variable would essentially capture whether states can manage their 

energy demands from RPS by trading energy credits with states (Chen and Wang 2008). There is 

scant data on presence or REC programs per state by year. Some of the effects of the REC are 

already captured by the presence of RPS in states. As seen in Figure 1, the states that adopt RPS 

standards are regional clusters and it could be assumed there is sharing of electricity across 

borders.   

 

Data 
 

The bulk of the data was obtained from United States Energy Information Administration 

(US EIA). The presence of Renewable Portfolio Standards (RPS) was obtained from The 

Database of State Incentives for Renewables & Efficiency (2010): “DSIRE is a comprehensive 

source of information on state, local, utility, and federal incentives and policies that promote 

renewable energy and energy efficiency. Established in 1995 and funded by the U.S. Department 
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of Energy, DSIRE is an ongoing project of the N.C. Solar Center and the Interstate Renewable 

Energy Council.” The economic data such as personal income and population was obtained from 

Bureau of Economic Analysis (BEA). Most of the data was used in the standard units that it is 

generally presented. In two cases, transformations were required. In the case of electricity 

generation, the units were changed from megawatt hours to terawatt hours to facilitate 

interpretation of coefficients. Similarly personal income was expressed in 1000s.  

The generation variables were obtained from the US EIA databases that collect 

information on forms EIA-906, EIA-920, and EIA-923. These forms collect information from 

combined heat and power plants (CHP) as well as electric power plants that have the ability to 

draw and deliver power to the grid. To defray reporting costs, US EIA selects a sample of plants 

to report monthly with all plants required to report on an annual basis. EIA-923 has replaced the 

forms EIA-906, EIA-920, FERC 423, and the EIA-423 that used to collect such data historically 

since 2008. 

The residential, commercial, and industrial electricity prices were obtained from US EIA 

databases that aggregate information from form US-EIA 861 which applies to electric utilities 

and other participants involved in distribution, transmission, as well as generation of electricity. 

Form 861 also contains information on the number of net metering and green pricing customers 

by state. The price of coal, gas, and petroleum delivered to electric utilities was obtained from 

US EIA databases that combined forms US-EIA 423, which was folded into US-EIA 923 in 

2008. 

The variable of personal income was obtained from the Bureau of Economic Analysis 

(BEA). It represents an estimate, and personal income is defined by BEA (2011) as “Personal 

income is the income received by all persons from all sources. Personal income is the sum of net 
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earnings by place of residence, property income, and personal current transfer receipts.” The 

population estimate by state was obtained from US Census Bureau, which is based on the US 

census produced every 10 years. 

The regression utilizes state level dataset for each variable. For the panel data, with 51 

states and 7 years, I have an n=357 in most cases, except for the prices of coal, petrol, and gas, 

which have n=262 and 247. In those cases, US EIA either does not reveal the prices for fuel for 

electricity generation for certain states (i.e. missing data). 

Table 1b: Description of Variables 

Variables Description Mean Standard 
Deviation 

Minimum Maximum Main Source 

rps One if a state 
Renewable 
Portfolio Standards 
(RPS) is effective  
in year t 

.3977591 .4901221 0 1 DSIREUSA 
 

Dereg One if state 
electricity market  
Has undergone 
restructuring or 
deregulation prior 
or as of year t 

.4117647 .4928437 0 1 DSIREUSA 

Gas Generation Variables (terawatt hours) for the total electric power industry of the state 

Coalgen Coal generation 
(terawatt hours) for 
the total electric 
power industry 
Coal includes 
anthracite, 
bituminous coal, 
subbituminous 
coal, lignite, waste 
coal, and synthetic 
coal 
 

38,900,00
0 

37,900,000 
 

0 149,000,000 
 

US EIA 

Geothergen Geothermal Energy 
Generation for the 
total electric power 
industry 

287,324.5 1,806,662 0 13,100,000 
 

US EIA 

Hydroegen Conventional 
hydroelectric 
generation 
(terawatt hours) for 
the total electric 
power industry 

5239388 12,500,000 
 

0 82,000,000 
 

US EIA 
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Variables Description Mean 
Standard 
Deviation 

Minimum Maximum Main Source 

Nggen Natural Gas 
generation 
(terawatt hours) for 
the total electric 
power industry 

15,100,00
0 
 

32,000,000 
 

-51 200,000,000 
 

US EIA 

nclrgen Nuclear Power 
Generation terawatt 
hours) for the total 
electric power 
industry 

15,400,00
0 
 

20,100,000 
 

0 95,700,000 
 

US EIA 

Othergen Other includes 
non-biogenic 
municipal solid 
waste, batteries, 
chemicals, 
hydrogen, pitch, 
purchased steam, 
sulfur, tire-derived 
fuels, and 
miscellaneous 
technologies. 

256366.1 519317 0 3710700 US EIA 

other_biomass 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). 

313875.4 528081.6 0 2373019 US EIA 

Othgasgen Other Gases 
includes blast 
furnace gas, 
propane gas, and 
other manufactured 
and waste gases 
derived from fossil 
fuels. 

266432.3 749357 0 5999490 US EIA 

Petrogen Petroleum includes 
distillate fuel oil 
(all diesel and No. 
1, No. 2, and No. 4 
fuel oils), residual 
fuel oil (No. 5 and 
No. 6 fuel oils and 
bunker C fuel oil), 
jet fuel, kerosene, 
petroleum coke, 
and waste oil. 

1774485 4802193 5 37,300,000 
 

US EIA 
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Variables Description Mean 
Standard 
Deviation 

Minimum Maximum Main Source 

Pumpstr Pumped Storage -145843.8 359451.7 -1988835 545355 US EIA 
solthermphogen Solar Thermal 

Power Generation 
11759.37 78402.7 0 670481 US EIA 

Windgen Wind generation 475905.3 1362124 0 16,200,000 
 

US EIA 

Woodgen Wood and Wood 
Derived Fuels 
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. 
 

751382.1 1085429 -390 6218978 US EIA 

Price of Electricity (cents per kilowatt hour)2 
Resprice Residential Price 9.75465 3.238633         5.65 32.5 US EIA 
Comprice Commercial Price 8.540476 3.008844 5.14 29.72 US EIA 
Indprice Industrial Price 6.366723 2.898568 3.09 3.09 US EIA 
Average Cost of Fuel Delivered for Electricity Generation (Dollars per Million Btu) 
Coalp Price of Coal 162.4914     62.49258    64.27769    371.5909 US EIA 
Gasp Price of Natural 

Gas 
713.9415     241.0442    228.4644    2352.913 US EIA 

Petrp Price of Petroleum 1033.602     444.4261    313.2086        2432 US EIA 
 
personalincome Personal Income 

(per capita) 
35095.46     6656.234       23131 68381 BEA 

Popestimate Population estimate  5802457 6472543 497069 36600000 US Census 
Green Pricing and Net Metering (number of customers for Green Pricing and Net Metering by state) 
grp_res Number of 

residential 
customers for 
Green Pricing 
Programs 

15532.5     43992.08           0 407051 US EIA 

grp_com Number of 
commercial 
customers for 
Green Pricing 
Programs 

1035.249 4515.679           0 47458 US EIA 

grp_ind Number of 
Industrial 
customers for 
Green Pricing 
Programs 

14.20168     72.58346           0 980 US EIA 

netmtr_res Number of 
residential 
customers for Net 

513.7143     3299.211           0 42753 US EIA 

                                                 
2
 Dependent Variables 
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Variables Description Mean 
Standard 
Deviation 

Minimum Maximum Main Source 

Metering Programs 

netmtr_com Number of 
commercial 
customers for Net 
Metering Programs 

45.12605     220.8915           0 2755 US EIA 

Netmtr_ind Number of 
industrial 
customers for Net 
Metering Programs 

5.235294     28.49099           0 333 US EIA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 4. Descriptive E

Descriptive Evidence 
 

The descriptive evidence section focuses on three major sets of graphs to show 

descriptive evidence of rising prices, 

average residential rates have risen from 2002 to 2008 from 8.53 cents per kilowatt hour to 11.56 

cents per kilowatt hour. This is followed by commercial rates which started at 7.43 cents and 

ended at 10.17 cents in 2008. Finally the industrial 

per kilowatt hour. Graph 2 also shows how RPS mandates have been steadily adopted by states 

from 2002 to 2008. Adoption of these standards ballooned from 13 stat

2002 only a quarter of the states had RPS standards, while in 2008, 

of mandate. 

Graph 1: Electric Rates from 2002
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. Descriptive Evidence and Empirical Results

The descriptive evidence section focuses on three major sets of graphs to show 

descriptive evidence of rising prices, the general trend of RPS standards. Graph 1

average residential rates have risen from 2002 to 2008 from 8.53 cents per kilowatt hour to 11.56 

cents per kilowatt hour. This is followed by commercial rates which started at 7.43 cents and 

d at 10.17 cents in 2008. Finally the industrial electricity rate rose from 5.22 to 7.83

also shows how RPS mandates have been steadily adopted by states 

from 2002 to 2008. Adoption of these standards ballooned from 13 states to 29 states in 2008; in 

2002 only a quarter of the states had RPS standards, while in 2008, close to 60% had some form 

Graph 1: Electric Rates from 2002-2008 
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The descriptive evidence section focuses on three major sets of graphs to show 

Graph 1 illustrates how 

average residential rates have risen from 2002 to 2008 from 8.53 cents per kilowatt hour to 11.56 

cents per kilowatt hour. This is followed by commercial rates which started at 7.43 cents and 

from 5.22 to 7.83 cents 

also shows how RPS mandates have been steadily adopted by states 

es to 29 states in 2008; in 

60% had some form 

 



 

 

Graph 2: Adoption of RPS

There is also a difference in the price of 

those that do not. Those states that did not have RPS started with electricity prices lower and 

ended up in 2008 with higher electricity prices across residential, commercial, and industrial 

customer classes. Both of these tren

Graph 3: Electricity Rates 
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Graph 2: Adoption of RPS 

There is also a difference in the price of electricity between states that have an RPS and 

those that do not. Those states that did not have RPS started with electricity prices lower and 

ended up in 2008 with higher electricity prices across residential, commercial, and industrial 

Both of these trends are illustrated in Graphs 3 and 4. 

Electricity Rates (cents/kilowatt hr) in States with RPS adoption

 

 

electricity between states that have an RPS and 

those that do not. Those states that did not have RPS started with electricity prices lower and 

ended up in 2008 with higher electricity prices across residential, commercial, and industrial 

in States with RPS adoption 

 



 

 

Graph 4: Electricity Rates 

While there is a general trend of rising prices as RPS adoption increases, there are several 

variables that provide additional evidence in different directions. RPS can also be associated with 

larger states and more affluent population. Here these factors 

higher demand for renewable energy, which in turn could raise prices, rather than RPS rates. 

Graphs 5 and 6 clearly show an upward trend in both population and 

income increased by $9,500 and average state population increased by 324,000 persons. 

However the results these variables are mixed when filtered for the presence o

instance as Graph 5 shows, Personal income

while those without have a growth a lower

average state population of those states with an RPS seem to decrease and level off, while states 

without an RPS seem to have a more steady populatio

indicate less demand for electricity, thereby having a downward pressure on price.
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Electricity Rates (cents/kilowatt hr) in States without RPS

While there is a general trend of rising prices as RPS adoption increases, there are several 

variables that provide additional evidence in different directions. RPS can also be associated with 

larger states and more affluent population. Here these factors combined could contribute to a 

higher demand for renewable energy, which in turn could raise prices, rather than RPS rates. 

clearly show an upward trend in both population and personal income

income increased by $9,500 and average state population increased by 324,000 persons. 

However the results these variables are mixed when filtered for the presence of RPS. For 

Personal income steadily increases for those states w

while those without have a growth a lower, almost parallel curve. However as shown in Graph 

average state population of those states with an RPS seem to decrease and level off, while states 

without an RPS seem to have a more steady population. Here a decline in population could 

indicate less demand for electricity, thereby having a downward pressure on price.

 

 

in States without RPS 

 

While there is a general trend of rising prices as RPS adoption increases, there are several 

variables that provide additional evidence in different directions. RPS can also be associated with 

combined could contribute to a 

higher demand for renewable energy, which in turn could raise prices, rather than RPS rates. 

personal income. Personal 

income increased by $9,500 and average state population increased by 324,000 persons. 

f RPS. For 

steadily increases for those states with an RPS, 

almost parallel curve. However as shown in Graph 6, 

average state population of those states with an RPS seem to decrease and level off, while states 

n. Here a decline in population could 

indicate less demand for electricity, thereby having a downward pressure on price. 



 

 

Graph 5: Personal income and RPS Standards

 

Graph 6: Population and RPS Standards

There are two additional variables however that

for renewable energy; this includes number of net metering and green 

Tables 2 and 3 illustrate how there is a significant difference between the number of retail 

customers for net metering and gr
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Graph 5: Personal income and RPS Standards 

Graph 6: Population and RPS Standards 

There are two additional variables however that could be a good proxy for the demand 

energy; this includes number of net metering and green pricing customers. The 

how there is a significant difference between the number of retail 

customers for net metering and green pricing based on states that have RPS. It is plausible that 

 

 

xy for the demand 

pricing customers. The 

how there is a significant difference between the number of retail 

een pricing based on states that have RPS. It is plausible that 
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the demand, rather than the presence of RPS could be the driver of electricity prices, further 

complicating the relationship between RPS and electricity prices. 

Table 2: Growth of Energy Efficiency Customers for states with RPS 

Year 

Average number of 
Green Pricing 
Customers 

Average number of 
Net Metering 
Customers 
 

2002 17,857 247 
2003 20,462 418 
2004 16,448 751 
2005 15,459 881 
2006 18,739 1,361 
2007 24,427 1,686 
2008 26,764 2,157 
Grand  
Total 20,721 1,246 

 

Table 3: Growth of Energy Efficiency Customers for states without RPS 

Year 

Average number of 
Green Pricing 
Customers 

Average number of 
Net Metering 
Customers 
 

2002 11,998 9 
2003 14,568 12 
2004 17,234 18 
2005 18,238 25 
2006 6,791 47 
2007 5,531 42 
2008 6,460 84 
Grand Total 12,106 30 

 

Another set of variables captured are the generation of megawatts of electricity based on 

the type of energy or fuel that is utilized. As seen in Graph 7, coal by far leads the pack with 

39.94 terawatts of generation, but this has held relatively steady from 2002 to 2008. Natural gas 

has experienced a surge going from 13.55 to 17.31 terawatts, and petroleum has experienced a 

decline from 1.85 to .91. Perhaps the most interesting trend is the average renewable generation. 



 

 

This is combination of solar energy, wind, 

biomass. These renewable have experienced a 13% increase in generation from 2002 to 2008. 

Given that RPS standards require at least a certain percentage of energy from renewable 

this could indicate that supply might not be keeping up with demand. 

Graph 7: Average Electric Generation (Terawatts) from Various Sources

 

The last set of variables is

from the data the price of petroleum as an explanatory variable might not be as relevant due to 

the fact that the amount of electricity generated from petroleum is quite miniscule. 

As seen in Graph 8, the average prices of delivery of these energy sources have 

increased. Coal price has steadily increased from 132 cents per million btu to 220. Natural gas 

had a peak of 894 in 2005, after surging from 422 cents in 2002. Then it dipped to

rocketed back to 908 in 2008. It is likely that given the amount of electric generation from 

natural gas and coal for electricity, significantly impact electricity prices, often confounding the 

effect RPS on electricity prices. 
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This is combination of solar energy, wind, photovoltaic (solar), geothermal, hydro

biomass. These renewable have experienced a 13% increase in generation from 2002 to 2008. 

en that RPS standards require at least a certain percentage of energy from renewable 

this could indicate that supply might not be keeping up with demand.  

Graph 7: Average Electric Generation (Terawatts) from Various Sources

iables is prices of coal, natural gas, and petroleum. As we can surmise 

from the data the price of petroleum as an explanatory variable might not be as relevant due to 

the fact that the amount of electricity generated from petroleum is quite miniscule. 
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had a peak of 894 in 2005, after surging from 422 cents in 2002. Then it dipped to

rocketed back to 908 in 2008. It is likely that given the amount of electric generation from 

natural gas and coal for electricity, significantly impact electricity prices, often confounding the 

 

geothermal, hydroelectric, and 

biomass. These renewable have experienced a 13% increase in generation from 2002 to 2008. 

en that RPS standards require at least a certain percentage of energy from renewable sources; 

Graph 7: Average Electric Generation (Terawatts) from Various Sources 
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the fact that the amount of electricity generated from petroleum is quite miniscule.  

, the average prices of delivery of these energy sources have 

increased. Coal price has steadily increased from 132 cents per million btu to 220. Natural gas 

had a peak of 894 in 2005, after surging from 422 cents in 2002. Then it dipped to 781 and it 

rocketed back to 908 in 2008. It is likely that given the amount of electric generation from 

natural gas and coal for electricity, significantly impact electricity prices, often confounding the 



 

 

 

Graph 8: Prices of Energy (cents per million btu) delivered to Electric Utilities for 

Electricity Generation 

Overall, the descriptive statistics provide expository evidence of an upward movement of 

electricity prices at a time of RPS adoption. It also pr

not seen a significant growth in supply to potentially address the higher demand associated with 

RPS. The data also shows clearly that coal and natural gas account for the bulk of electricity 

generation, making their prices closely tied with the price of electricity.
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Graph 8: Prices of Energy (cents per million btu) delivered to Electric Utilities for 

Overall, the descriptive statistics provide expository evidence of an upward movement of 

electricity prices at a time of RPS adoption. It also provides evidence that renewable energy has 

not seen a significant growth in supply to potentially address the higher demand associated with 

RPS. The data also shows clearly that coal and natural gas account for the bulk of electricity 

ir prices closely tied with the price of electricity. 

Graph 8: Prices of Energy (cents per million btu) delivered to Electric Utilities for 

 

Overall, the descriptive statistics provide expository evidence of an upward movement of 

ovides evidence that renewable energy has 

not seen a significant growth in supply to potentially address the higher demand associated with 

RPS. The data also shows clearly that coal and natural gas account for the bulk of electricity 
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Empirical Results 
 

This section is divided into two sections. The first section will focus on how the original 

theoretical model was analyzed utilizing the residential electricity price model (Model 1) to 

come up with four types of regressions and findings of the impact of RPS on residential 

electricity prices. The main regression of interest is Regression 3, which reflects the regression 

with Driscoll-Kraay standard errors. The results will delve into some of results of joint 

significance tests, as well as a discussion on significance and magnitude of coefficients, 

especially regarding Regression 3. The second section will focus on the regressions for the 

impact of RPS on commercial and industrial prices. Due to the repetitive nature of the results for 

commercial and industrial price, the analysis will focus on explaining the significance, and 

magnitude of major variables, and the three main tests of joint significance. 

The empirical results look at how the renewable portfolio standards affect the residential, 

commercial, and industrial electricity rates. For each of the three rates, several steps were taken 

to calibrate the model after running several post-estimation commands. First a fixed effects 

regression with the full complement of variables was performed. The first test that was 

implemented was to see if there were multicollilearity between variables. This essentially means 

that certain variables are highly correlated with each other, limiting the ability of the model to 

evaluate its individual effects on price. These tests help to determine which variables can be 

omitted from the regression while limiting the efficacy and relevance of the model3. Next the 

regression is tested for the Woolridge test of serial correlation. Serial correlation in panel data 

refers to the idea that error terms from differing time periods are correlated. The consequences of 

the serial correlation are that it affects efficient of the estimation of the effect of the variables on 

                                                 
3
 The calibrated model is checked for heteroskedasticity.  In this case, the test is a modified Wald test for 

hetereoskedasticity (Baum 2001). Here the error-process may be homoskedastic across the states, but variance 

may differ across the states. 
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price (Drukker, 2003). To correct for autocorrelation and other issues, the regression with run 

with Driscoll-Kraay standard errors (Hoechle, 2007)4. An additional set of regressions is also run 

for standard pooled non-fixed effects regression to contrast the results from those of a fixed-

effects regression. Although the assumptions of a standard regression are vastly different, it does 

provide some insight into the movements of prices in relation to RPS rates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
4
 Panel data such as this has a significant amount of cross-sectional and temporal dependencies which can bias 

coefficients and overall results. The solution to this is to apply the Driscoll-Kraaay standard errors which can help 

to correct heteroskedasticity that account for such correlations.   
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Table 4: The effect of RPS on residential electricity rates 

Variable 

Regression 1 
F.E. (Full) 

Regression 2 
F.E. (Limited) 

Regression 3 
Driscoll-Kraay s.e. 

Regression 4 
OLS 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

rps 0.021 0.177 0.177* 0.895*** 

 
(0.19) (0.17) (0.07) (0.17)  

coalgen -0.006 0.007 0.007 -0.012*** 

 
(0.02) (0.02) (0.02) (0.00)  

geothergen 5.598 1.713 1.713** 0.275  

 
(8.16) (2.05) (0.54) (0.19)  

hydroegen -0.023 -0.030 -0.030 0.009  

 
(0.05) (0.05) (0.02) (0.01)  

nggen -0.013 0.005 0.005 0.013*** 

 
(0.02) (0.01) (0.01) (0.00)  

nclrgen 0.016 0.042 0.042 0.021*** 

 
(0.04) (0.03) (0.02) (0.00)  

othergen -0.146 -0.172 -0.172* -1.084*** 

 
(0.27) (0.24) (0.08) (0.14)  

other_biomass -0.504 
   

 
(1.23) 

   
 

othgasgen 0.018 0.024 0.024 0.295*** 

 
(0.19) (0.19) (0.19) (0.07)  

petrogen -0.019 -0.019 -0.019 0.120*** 

 
(0.02) (0.02) (0.02) (0.01)  

pumpstr -0.839 -0.625 -0.625** -0.141  

 
(0.43) (0.42) (0.19) (0.07)  

solthermphotogen -34.353 15.386 15.386*** -20.161**  

 
(46.03) (12.11) (4.17) (7.22)  

windgen 0.100 0.093* 0.093 -0.075*  

 
(0.11) (0.05) (0.05) (0.04)  

woodgen 0.044 -0.041 -0.041 -0.315*** 

 
(0.16) (0.15) (0.10) (0.04)  

coalp 0.011*** 0.011*** 0.011*** 0.018*** 

 
(0.00) (0.00) (0.00) (0.00)  

gasp 0.000 0.000 0.000 -0.001*** 

 
(0.00) (0.00) (0.00) (0.00)  

petrp 0.000 
   

 
(0.00) 

   
personalincome 0.078* 0.100*** 0.100*** 0.118*** 

 
(0.04) (0.02) (0.02) (0.01)  

popestimate 0.000 
   

 
(0.00) 

   
grp_res -0.000 0.000 0.000 0.000  

 
(0.00) (0.00) (0.00) (0.00)  

netmtr_res 0.001*** 0.001*** 0.001** 0.001*** 

 
(0.00) (0.00) (0.00) (0.00)  

constant 0.795 2.401 2.401* 2.652*** 

 
(2.29) (1.34) (1.05) (0.36)  

r2 0.793 0.803 
 

0.807 
df_r 146.000 165.000 39.000 39.000 

* P<.05, ** P<.01, *** P<.001 
    

 

Regression1 is the full fixed effects regression model. This model has only three 
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variables that are significant above the .05 significance level threshold. This essentially means 

that out of all the variables, only the price of coal delivered to electric utilities, the personal 

income, and the number of net metering customers seems to influence the price of residential 

electricity. The price of coal, a key input in the generation of electricity would naturally 

influence residential price. The personal income effect could be the result of several factors. First 

it could be a proxy for several variables, including population density and therefore demand for 

electricity. This relationship between renewable policies, energy, and population has been 

explored in several earlier papers.  In such metropolitan areas, it could be that electricity prices 

as a result are higher because of higher income growth rates that result in a willingness to bear 

the costs of renewable energy mandated by a RPS standard (Okazaki 2006).  The number of net 

metering customers also seems to have an increase in the residential electricity price. This 

variable could also be a proxy for several renewable energy policies that affect electric utilities. 

Such policies have indeed been identified as significant in earlier literature (Tra 2009).  

An analysis of multicollinearity for the variables concluded that population, personal 

income, coal price, petroleum price, and natural gas price, amount of electricity from biomass, 

were all highly multicollinear. It is likely that population and personal income tend to measure 

higher demand for electricity. Therefore population was taken out of the next regression. 

Electricity from petroleum accounts for such a small percent of electricity generation that its 

price could also be omitted. Amount of electricity from biomass could also be omitted since it 

makes up a miniscule portion of electric generation. In addition other biomass generation is 

renewable energy and its effects could be captured in other renewable variables such as wind, 

solar, hydroelectric, and geothermal generation. 

Even with the omission of these variables in Regression 2, the variables coal price, per 
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capital income, and natural gas price still exhibit multicollinearity. However these variables are 

critical to the model and thus cannot be omitted. This model was also checked for group-wise 

hetereoskedasticity and serial correlation. Both tests indicated serial correlation and 

heteroskedasticity (p < 0.001). In Model 2 the main difference is that the significance of personal 

income rises and the amount of electricity generated from wind becomes significant at the .05 

alpha level. 

To correct for these errors the Driscoll-Kraay fixed effects regression was run as 

Regression 3. Here the main variable of interest the presence of Renewable Portfolio Standards 

(RPS) becomes significant at the .05 level. This essentially means that the presence of RPS 

standards tends to increase the price electricity by .17 cents per kilowatt hour. The importance 

here is that this increase accounts for the price of coal, natural gas, as well as the personal 

income of the state; all three of which were found to be significant in earlier models. This is also 

generally consistent with earlier literature that states there is an upward pressure of RPS on 

residential electricity prices (Burtraw and Palmer 2005, Tra 2009).  Several other generation 

variables also found to be significant. Electricity generation from Geothermal is significant with 

a 1.7 cent increase in cents per kilowatt hour per terawatt of generation. Such energy as other 

generation which includes electricity from non-biogenic municipal solid waste, batteries, 

chemicals, hydrogen, pitch, purchased steam, sulfur, tire-derived fuels, and miscellaneous 

technologies, seems to have a negative impact on retail electricity price. This might reflect the 

fact that such relatively cheap inputs would tend to depress prices. In addition pumped storage is 

also significant, placing a downward pressure on prices. This indicates excess capacity and that 

would explain the downward pressure on price. Personal income, the number of net metering 

customers, and coal price continue to be significant. 
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Joint significance tests indicate that non-renewable energy generation is significant for 

Regression 3 (p < 0.001). This is consistent with the hypothesis that fossil fuels in general drive 

the price of residential electricity. Although what is surprising is that some of the generation 

variables are positively correlated with electricity price. In fact there is only one variable – other 

gas generation that is negatively correlated with residential electricity prices. Although this runs 

contrary to the assumption that increased generation, implying increased supply should depress 

prices, what it might imply is that generation probably reflects the complicated interplay of 

prices, supply, demand, and regulations. 

Joint significance of renewable energy generation is also significant (p < 0.001). Here the 

significant individual variables are positively correlated with residential price, and like non-

renewable energy might be reflecting a more complicated interplay of factors. Finally the 

number of net metering and green pricing residential customers are also significant (p < 0.001). 

Both of these are positively correlated with residential price, and this would make sense within 

the context of the theoretical model. One explanation could be that as price of electricity rises, 

customers will look to net metering to defray costs. In addition customers who are likely to 

support renewable energy will support green pricing programs, but that will tend to place an 

upward pressure on price, since renewable energy generally more expensive. 

Regression 4 is a pooled OLS regression based on the same variables. Here, RPS is 

highly significant, implying a .89 cent increase in electricity price (cents per kilowatt hour). In 

addition, several generation variables are also significant, as well as the price of natural gas. A 

pooled OLS model also has a shortcoming. It does not control for factors that vary over time that 

affect all states. For instance, the Gross Domestic Product (GDP) and even national elections 

could have a significant effect on electricity prices, which are not reflected here. Consequently it 
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becomes difficult to isolate the effect of RPS due a multitude of variables that could affect RPS 

as well as electricity prices. 

From Regression 1 to Regression 2, the R2 which indicates the amount of variation in 

industrial electricity price that is explained by the independent variables actually increases from 

.79 to .80. This means that 80% of the variability in residential electricity price is accounted for 

by the variables in the model. This also illustrates that the variables omitted from Regression 1 

did not result in a model that explains any less variation. Although this does not rule out omitted 

variable bias, a higher R2 such as this can help to establish that a bulk of the variables in the 

model are important factors in the determination of residential electricity rates.   
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Table 5: The effect of RPS on commercial electricity rates 

Variable 

Regression 1 
F.E. (Full) 

Regression 2 
F.E. (Limited) 

Regression 3 
Driscoll-Kraay s.e. 

Regression 4 
OLS 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Rps 0.346 0.358* 0.358** 0.667*** 
 (0.19) (0.17) (0.10) (0.13)    
Coalgen 0.041 0.022 0.022 -0.012*** 
 (0.02) (0.02) (0.02) (0.00)    
Geothergen 5.449 -0.159 -0.159 0.811*** 
 (8.12) (2.02) (0.57) (0.18)    
hydroegen 0.024 0.012 0.012 0.035*** 
 (0.05) (0.05) (0.02) (0.01)    
nggen 0.027 0.016 0.016 0.013*** 
 (0.02) (0.01) (0.01) (0.00)    
nclrgen 0.024 0.017 0.017 0.022*** 
 (0.03) (0.03) (0.02) (0.00)    
othergen -0.096 -0.233 -0.233 -1.138*** 
 (0.27) (0.24) (0.12) (0.12)    
other_biomass -0.237                   
 (1.21)                    
othgasgen 0.163 0.057 0.057 0.382*** 
 (0.19) (0.19) (0.16) (0.09)    
petrogen -0.020 -0.038 -0.038** 0.114*** 
 (0.02) (0.02) (0.01) (0.01)    
pumpstr -0.992* -0.716 -0.716*** 0.151    
 (0.43) (0.41) (0.13) (0.11)    
solthermphotogen 104.011 2.133 2.133 -35.730*** 
 (55.17) (12.07) (4.33) (4.88)    
windgen 0.221* 0.096* 0.096** -0.164**  
 (0.10) (0.04) (0.03) (0.05)    
woodgen -0.063 -0.098 -0.098 -0.311*** 
 (0.16) (0.15) (0.09) (0.07)    
coalp 0.012*** 0.010*** 0.010*** 0.019*** 
 (0.00) (0.00) (0.00) (0.00)    
gasp 0.000 0.000 0.000 -0.001*** 
 (0.00) (0.00) (0.00) (0.00)    
petrp -0.000                   
 (0.00)                   
personalincome 0.100** 0.095*** 0.095*** 0.126*** 
 (0.03) (0.02) (0.02) (0.01)    
popestimate -0.000                   
 (0.00)                   
grp_com -0.000 -0.000 -0.000 0.000*** 
 (0.00) (0.00) (0.00) (0.00)    
netmtr_com 0.006*** 0.004*** 0.004*** 0.003    
 (0.00) (0.00) (0.00) (0.00)    
constant 0.634 0.969 0.969 1.147*   
 (2.27) (1.31) (1.17) (0.49)    
r2 0.773 0.779  0.751 
df_r 146.000 165.000 39.000 39.000 

* P<.05, ** P<.01, *** P<.001 
    

 

There are several differences for the effect of the variables on commercial electricity 
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prices. First is that is the coefficient of the RPS (Regression 3) tends to have a larger impact on 

the increase in commercial electricity price than for residential electricity price (0.177). It is 

significant and its magnitude is an increase of .358 cents per kilowatt hour. This may reflect the 

fact that commercial buildings or firms do not actively negotiate or bargain for lower prices in 

comparison to residential customers. Consequently the existence of an RPS in a state would 

increase the price for commercial customers due to their willingness to pay more (Farhar 1999). 

Petroleum generation and pumped storage are significant in Regression 3 with P < 0.01 and P < 

0.001 respectively. The sign of petroleum generation is surprising because petroleum is one of 

the more expensive fuels and a higher electricity generation from petrol should increase 

electricity prices. Again as in the case of fossil fuels, there is probably a complex interplay of 

factors. The pumped storage variable is negatively correlated with commercial price. This can be 

explained by the fact that higher storage indicates excess demand, and therefore the negative 

correlation. Wind generation is significant at the P < 0.01 and coal price, personal income, and 

numbers of net metering customers are all significant at P < 0.001. 

The joint significance of the non-renewable energy generation variables shows they are 

significant, with a P < 0.001. The joint significance of renewable energy is also at the P < 0.001 

significance level. Net metering and Green pricing were also found to be significant at P > 0.001. 

From Regression 1 to Regression 2, the R2 which indicates the amount of variation in 

commercial electricity price that is explained by the independent variables did not decrease from 

.77. This means that 77% of the variability in commercial electricity price is accounted for by the 

variables in the model. 
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Table 6: The effect of RPS on industrial electricity rates 

Variable 

Regression 1 
F.E. (Full) 

Regression 2 
F.E. (Limited) 

Regression 3 
Driscoll-Kraay s.e. 

Regression 4 
OLS 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

Coeff. 
(s.e.) 

rps 0.077 0.145 0.145 0.445*   
 (0.21) (0.18) (0.15) (0.20)    
coalgen -0.024 -0.031 -0.031 -0.011*** 
 (0.03) (0.02) (0.02) (0.00)    
geothergen 4.085 -2.162 -2.162** 0.880**  
 (8.84) (2.16) (0.64) (0.25)    
hydroegen 0.007 -0.002 -0.002 -0.002    
 (0.06) (0.05) (0.02) (0.00)    
nggen -0.004 -0.002 -0.002 0.015*** 
 (0.02) (0.01) (0.01) (0.00)    
nclrgen -0.002 -0.007 -0.007 -0.001    
 (0.04) (0.03) (0.01) (0.00)    
othergen 0.139 0.169 0.169 -0.061    
 (0.32) (0.27) (0.11) (0.09)    
other_biomass -0.025                   
 (1.33)                    
othgasgen -0.188 -0.204 -0.204* 0.156**  
 (0.22) (0.21) (0.10) (0.06)    
petrogen -0.034 -0.053* -0.053* 0.000    
 (0.03) (0.02) (0.02) (0.01)    
pumpstr -0.912 -0.560 -0.560 0.271*   
 (0.47) (0.44) (0.29) (0.12)    
solthermphotogen -16.241 -6.465 -6.465* -17.967*** 
 (50.37) (12.79) (3.07) (2.87)    
windgen -0.015 0.050 0.050* -0.091    
 (0.11) (0.05) (0.02) (0.05)    
woodgen -0.094 -0.175 -0.175 -0.214*** 
 (0.17) (0.16) (0.10) (0.04)    
coalp 0.008** 0.007** 0.007*** 0.016*** 
 (0.00) (0.00) (0.00) (0.00)    
gasp 0.000 0.000 0.000 -0.001*** 
 (0.00) (0.00) (0.00) (0.00)    
petrp -0.000                   
 (0.00)                   
personalincome 0.164*** 0.118*** 0.118*** 0.126*** 
 (0.04) (0.02) (0.02) (0.01)    
popestimate 0.000                   
 (0.00)                   
grp_ind 0.000 0.001 0.001** -0.000    
 (0.00) (0.00) (0.00) (0.00)    
netmtr_ind -0.011 -0.014* -0.014*** -0.011*** 
 (0.01) (0.01) (0.00) (0.00)    
constant -1.709 2.065 2.065* -0.258    
 (2.77) (1.42) (1.02) (0.19)    

r2 0.673 0.695  0.766 
df_r 146.000 165.000 39.000 39.000 

* P<.05, ** P<.01, *** P<.001 
    

 

The most striking effect of the variable of interest (RPS) on industrial electricity rate is the lack 
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of significance of the RPS variable. In fact none of the fixed effects regressions indicate 

significance and only in the OLS is the coefficient for RPS is significant. This further provides 

credence to the fact that indeed fixed-effects regression models which accounts for all the time-

invariant characteristics that affect state level electricity prices have a significant impact on price. 

Industrial price is also affected by geothermal generation and solar power generation. The 

coefficient implies that for every terawatt of generation, the price of electricity drops by 2 cents 

per kilowatt hour (p < 0.01). This dramatic decrease could be attributed to the scalability of 

geothermal generation (Boyd and Lund, 1999). During a sudden upsurge in demand, geothermal 

power could fill the space with lower marginal costs, reflecting its scalability and thus decreasing 

the price of industrial electricity. This magnitude could also reflect large, stable consumption 

patterns of industrial consumers, which can further amplify this effect. Other gas generation is 

also significant (p < 0.05), however the magnitude is quite small. Solar power generation is also 

significant (p < 0.05) with the industrial rate dipping as much as 6 cents per kilowatt hour. This 

may be due to the fact that industrial buildings can afford to build building-integrated 

photovoltaics, which in turn has been found to decrease energy costs (Strong 2010). Personal 

income and coal price and significant as are green pricing  and net metering with p < 0.001, p < 

0.001, p < 0.01, p < 0.001. Net metering is significant, likely because industrial customers stand 

to gain significant savings from generating their own electricity from sources such as 

photovoltaics where applicable. 

 From Regression 1 to Regression 2, the R2 which indicates the amount of variation in 

commercial electricity price that is explained by the independent variables actually increases 

from .67 to .69. This means that 69% of the variability in industrial electricity price is accounted 

for by the variables in the model. This also illustrates that the variables omitted from Regression 
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1 did not result in a model that explains any less variation. Although the model explains 69% of 

the variation, RPS does not have any significant impact on industrial electricity rate.   

Although this study provides some evidence of an upward pressure on price due to the 

presence of RPS, there are some additional improvements as well as shortcomings that could be 

addressed in future studies. This study does account for several factors that are time variant and 

differ between states. Therefore it is difficult to add variables to this existing model without 

introducing significant overlap between existing variables that could be measuring similar trends. 

However the study does suffer from correlation between states in variables that affect electricity 

price and are correlated with RPS. Although the third regression in Tables 4, 5, and 6 attempts to 

correct for some autocorrelation, this may still not be sufficient. The reasons is that at a 

fundamental level, electricity generation and usage span states and are not neatly confined to 

state borders. Given this it may be helpful for future studies to limit the analysis to several 

regions of the country and compare, rather than the entire nation.  

The second issue that could be explored is how the details of an RPS could affect the 

electricity price. Although this study does show evidence of increase prices due to RPS, which is 

captured as a dummy variable, the magnitude is relatively small. It might be that more stringent 

RPS, ones that require a high percentage of energy from renewable might push electricity prices 

higher – enough to incur the wrath of homeowners. This could provide policymakers a guide as 

to the level of requirements that might be seen as too high by the electorate as well as consumers. 

This could be achieved by delving into the interplay between the details of RPS standards and 

renewable energy generation to see if the supply can keep up with the requirements for 

renewable energy and how that might affect the prices. 

The third issue that could be tackled in future studies is whether there is a compensatory 
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move by electric utilities to keep prices (especially the residential rate) down despite the upward 

pressure from RPS. This is an important factor that could shed light on the implementation of 

future RPS standards. For instance if utilities tend to absorb some of the price pressure rather 

than pass it down to consumers, increasing the RPS standards may not significantly increase 

prices. 
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Chapter 5.  Policy Implications and Conclusion 
 
 
Policy Implications 

 

This study’s findings lend further support to the hypothesis that Renewable Portfolio 

Standards (RPS) raises electricity rates. It was also found that coal price, number of net metering 

customers, and personal income were found to be significant. This was found across residential, 

commercial, and industrial electricity rates. The two main policy implications of the results can 

be categorized as implications related to magnitude and overall significance of the effects, and 

how this theoretical model expounded in the study might provide a framework for policy makers 

to approach RPS policy analysis and adoption. 

The first policy implication is that the presence of an RPS will tend to have varying 

impact depending on the industry and the customer. Although there is some evidence that the 

presence of RPS tends to increase electricity prices, the impact could be quite miniscule. For 

instance in 2008, the average annual consumption by a residential customer was around 11,040 

kWh (US EIA 2008). Since the study results indicate that residential prices could increase by 

0.177 cents per kilowatt hour, this could result in an overall $19.54 annual increase in a 

residential consumer’s household bill. The impact on commercial prices has a bigger effect. The 

model indicates that the presence of RPS increases the cents per kilowatt hour by 0.35 cents. 

This effect is more pronounced in commercial buildings. For instance, commercial buildings 

according to the US EIA (1995) utilize about 13.4kWh per square foot. If we are to assume that 

medium size office buildings fall short of 50,000 square feet, this brings the total annual usage to 

670,000 kWh. In states with an RPS this would indicate that commercial prices would increase 

by .358 cents per kilowatt hour. This in turn would translate into an increase in the commercial 

electric bill of $240. This may be because commercial firms and buildings might find it difficult 
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to negotiate rates or might not invest a significant amount of resources into lowering their 

electric bill. Although they have a green architecture such as energy efficient windows, etc., they 

might not take an active role in reducing their bill beyond that. In contrast, residential customers 

are likely to be more sensitive to even smaller price changes and could actively try every day to 

lower their bills. This compensatory effect could translate into more complaints or calls to the 

electric utility. This in turn could prompt the utilities to be very careful about increasing their 

rates to residential customers. Finally, the existence of an RPS does not seem to have any effect 

on Industrial electricity prices. This could be because industrial customers due to their high 

energy demands negotiate rates with electric utilities which could be uncorrelated with the 

presence of RPS. Additionally they might also generate their own electricity, further 

complicating the interactions. Therefore it policy makers should focus on the impact of RPS on 

commercial and residential customers. 

The second policy implication is that while RPS was indeed significant in some of the 

regressions for residential and commercial electricity rates, other variables were also found to be 

significant. For instance, coal price was consistently found to influence residential, commercial, 

and industrial electricity prices. This makes sense given that a large percentage of electricity 

generation comes from coal. Personal income was also found to impact electricity rates. Here 

there could be several factors at work. Income levels on one hand could be a proxy for increased 

demand. That is electricity rates in areas of higher population or areas of higher personal income 

could reflect a willingness to pay more for electricity, and that would tend to drive up the 

electricity rates. The second possibility is that some other set of factors might influence both 

personal income and electricity rates. One such example is higher levels of education or civic 

awareness in certain cities or states. More educated citizens may support RPS and also demand 
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more renewable energy and pay more for such energy. Part of this demand is captured in the 

variables of the number of net metering and green pricing customers in the state. Although the 

magnitude is miniscule, in both commercial and residential electricity prices, these variables tend 

to have an upward effect on price. 

It was found that generation whether renewable or non-renewable, personal income, net 

metering and green pricing customers, and coal price were consistently significant across the 

models. Given these trends, it might make sense for policymakers to discuss the implications of 

RPS along with these issues such as coal price, personal income which can be a rough measure 

of demand for electricity, generation variables which provide some measure of the supply of 

renewable, net metering which is a proxy for the need to defray electricity costs, and even the 

demand for green energy, reflected in popularity of green pricing programs. In addition given 

that the models account for 70 to 80 percent in the variation of electricity rates, this model could 

be used as a starting point for policy discussions moving forward. Finally given that RPS is still 

significant while controlling for numerous factors in a fixed effects regression with other highly 

significant factors such as coal price and personal income, the results should provide policy 

makers the confidence to discuss the implications of RPS increasing residential and commercial 

rates as a legitimate concern. 

 
Conclusion 
 

Renewable Portfolio Standards (RPS) has seen a rapid increase in adoption within the 

states. It has also risen to the level of national prominence in that now Congressional lawmakers 

are now considering national RPS. Although many experts tout the virtues of RPS, some have 

also cautioned that such policies could increase electricity prices. A clearer understanding of the 

link between RPS and electricity price will help Congress and other policy makers develop RPS 
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policies that can balance the need for promoting renewable with limiting its effect on an increase 

in electricity price.  

Empirical work that probes the relationship between RPS standards and price are limited. 

The bulk of the research is done via modeling that seems to show a small increase in electricity 

prices. The empirical studies on this subject have delved into this relationship but none have 

attempted to build a state-level model with generation variables, prices, personal income, 

population, and demand side variables such as net metering and green pricing.  This study does 

that and also attempts to account for correlation between states by calibrating the model with 

careful omission of variables. Most importantly this study evaluates the impact of RPS on 

electricity prices from 2002-2008, a period of unprecedented adoption of RPS by states. 

Overall the results of this study emphasize three points. First is that the presence of RPS 

in states does result in an increase in retail and commercial electricity price, while holding 

constant coal price and personal income. Both coal price and personal income have been found 

to increase electricity price. Although RPS tends to increase electricity prices, the magnitude is 

relatively small and many not affect consumers enough for them to actively lobby or raise 

concerns against the implementation of RPS standards.  

This study also suffers from several weaknesses. First is that the flow of electricity across 

state borders are not completely accounted for in this study. A deeper dive into the boundaries 

and general regions could provide a more accurate picture of the areas and magnitude of price 

increases. Second since this study treats all RPS equally it is difficult to ascertain what the 

effects of different levels of RPS will have on electricity price. 

This study also suggests three areas for future research. First is to quantify the different 

types of RPS and see how the details or specific types of RPS impact electricity prices. Second 

area is delving into the regional interplay between large, metropolitan areas and how overall state 
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level RPS would affect electricity prices. Finally another important venue of research would be 

whether electric utilities have compensatory mechanisms to resist the upward pressure on price 

from RPS that would result in a smaller price increase. 
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