
 

 

 

Comparative Study of the Impacts of U.S. Electric Deregulation  

on Renewable Energy Investments and Retail Electricity Prices  

in Florida, Massachusetts, and Texas 

 

by 

 

Peter Yungkil Jang, MBA 

 

 

A Dissertation 

 

In 

 

 Systems and Engineering Management 

 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of 

the Requirements for 

the Degree of 

 

 DOCTOR OF PHILOSOPHY  

 

 

Approved 

 

Mario G. Beruvides, Ph.D., P.E. 

Chair of Committee 

 

 

 Patrick Patterson, Ph.D., P.E., C.P.E. 

 

 

Milton Smith, Ph.D., P.E. 

 

 

Lloyd Heinze, Ph.D., P.E.  

 

 

Mark Sheridan, Ph.D. 

Dean of the Graduate School 

 

 

August 2020 



 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2020, Peter Yungkil Jang 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Peter Yungkil Jang, August 2020 

 

ii 
 

ACKNOWLEDGEMENTS 

It has been a long and fruitful voyage to be an engineering researcher. I was very 

fortunate to have many Captain Shackletons who have helped me complete this 

challenging expedition.  

First of all, I would express my sincere appreciation to Dr. Mario Beruvides, my 

Advisor, who showed me the guidance in the journey of Systems & Engineering 

Management (SYEM). He has been so resourceful with his knowledge database in 

engineering, economics, technology, history, and poetry. He innovatively opened a wide 

range of doors for me to explore from a biological system to behavioral economics and 

chaos theory.  

My dissertation would not be possible without the insightful and constructive 

feedback from the faculty members on my Dissertation Committee, Dr. Milton Smith, Dr. 

Patrick Patterson, and Dr. Lloyd Heinze, and Graduate School Representative Dr. 

Kwanghee Jung. They are the driving engines in various disciplines behind the research 

power at Texas Tech University.  

I cannot forget my academic colleagues in the SYEM program, and their strong 

camaraderie. They never hesitated to share their experience and knowledge from various 

background, research areas, and their visions. Dr. Armando Elizondo Noriega, Dr. 

Naveen Tiruvengadam, Dr. Marko Dodig, Brent Robertson, Tom Monroe, Richard 

Burgess, Dr. Olufunke Oladimeji, and Tejas Gohokar, my heartfelt thanks to them. 

In this expedition, I have been accompanied by my supporting wife Grace and 

three grown children, Aronne, Koontze, and Julius. From time to time I was happy to 

share my work with my children, all business/economics majors, and received pleasant 

challenges from them with their econometric knowledge. They were cheering for me all 

the time during this voyage, celebrating my incremental achievements in the research 

world. Importantly, my admirable tributes go to my mother and my late father who taught 

the life-time values of persistent hard work to their children but never imagined their 

oldest son would be trained to be an engineer in Texas. 

Peter Yungkil Jang 

June 2020, Texas  



Texas Tech University, Peter Yungkil Jang, August 2020 

iii 
 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS ............................................................................................................. ii 

ABSTRACT ................................................................................................................................... vii 

LIST OF TABLES .......................................................................................................................... ix 

LIST OF FIGURES ......................................................................................................................... x 

1.   INTRODUCTION ..................................................................................................................... 1 

1.1 History and Background .................................................................................................. 1 

1.2 Problem Statement .......................................................................................................... 2 

1.3 Research Questions ........................................................................................................ 3 

1.3.1 First Research Question ........................................................................................... 3 

1.3.2 Second Research Question ....................................................................................... 4 

1.4 General Hypotheses ........................................................................................................ 4 

1.5 Research Purpose ........................................................................................................... 5 

1.6 Research Objectives ........................................................................................................ 5 

1.7 Delimitations...................................................................................................................... 5 

1.7.1 Limitations ............................................................................................................... 5 

1.7.2 General Assumptions ............................................................................................... 6 

1.8 Relevance of this Study .................................................................................................. 6 

1.8.1 Relevance of this Research ...................................................................................... 6 

1.8.2 Benefits of this Research.......................................................................................... 6 

1.9 Expected Research Results ........................................................................................... 7 

2.   LITERATURE REVIEW .......................................................................................................... 8 

2.1 Introduction........................................................................................................................ 8 

2.2 Relevant Definitions ....................................................................................................... 11 

2.3 Federal Deregulation in the U.S. Electricity Market .................................................. 14 

2.4 State-level Deregulation in the U.S. Electricity Market ............................................. 15 

2.4.1 Massachusetts ........................................................................................................ 16 



Texas Tech University, Peter Yungkil Jang, August 2020 

iv 
 

2.4.2 Texas ...................................................................................................................... 17 

2.4.3 Florida .................................................................................................................... 17 

2.5 Deregulation Uncertainty and Diffusion Pathways .................................................... 18 

2.6 Technology and Fuel Choices ...................................................................................... 19 

2.7 Deregulation Concerns and Issues ............................................................................. 20 

3.   COMPARATIVE STUDY OF THE IMPACTS OF U.S. ELECTRIC 

DEREGULATION ON RENEWABLE ENERGY INVESTMENTS IN FLORIDA, 

MASSACHUSETTS, AND TEXAS ...................................................................................... 23 

3.1 Introduction...................................................................................................................... 23 

3.2 Literature Review ........................................................................................................... 25 

3.2.1 Florida Electricity Market ...................................................................................... 25 

3.2.2 Massachusetts Electricity Market .......................................................................... 26 

3.2.3 Texas Electricity Market ........................................................................................ 27 

3.2.4 U.S. Environmental Initiatives ............................................................................... 28 

3.2.5 Government Incentives for RE Investments .......................................................... 29 

3.2.6 Renewable Portfolio Standards (RPS) ................................................................... 30 

3.2.7 RE Credit (REC) Market........................................................................................ 33 

3.2.8 Assessments of RE Investments ............................................................................ 34 

3.2.9 Concerns and Issues in Renewable Investments .................................................... 34 

3.3 Data Collection and Research Methodology ............................................................. 35 

3.3.1 Data Collection ...................................................................................................... 35 

3.3.2 Research Methodology .......................................................................................... 38 

3.4 Analysis Results and Discussion ................................................................................. 39 

3.4.1 Behavior over Time (BOT) Charts ........................................................................ 39 

3.4.2 Summary Statistics of Variables ............................................................................ 41 

3.4.3 Multivariate Regression Model Estimation ........................................................... 42 

3.5 Conclusions and Policy Implications ........................................................................... 48 



Texas Tech University, Peter Yungkil Jang, August 2020 

v 
 

4.   COMPARATIVE STUDY OF THE IMPACTS OF U.S. ELECTRIC 

DEREGULATION ON RETAIL ELECTRICITY PRICES IN FLORIDA, 

MASSACHUSETTS, AND TEXAS ...................................................................................... 51 

4.1 Introduction...................................................................................................................... 51 

4.2 Literature Review ........................................................................................................... 56 

4.2.1 U.S. Electricity Market Systems: ISO and RTO .................................................... 56 

4.2.2 Wholesale Electricity Market and Retail Electricity Market ................................. 58 

4.2.3 Pricing Factors in the U.S. Wholesale Electricity Market ..................................... 60 

4.2.4 Retail Prices in U.S. Electricity Market ................................................................. 61 

4.2.5 Uncertainty Issues around Retail Prices in Florida, Massachusetts, and Texas ..... 63 

4.3 Data Collection and Research Methodology ............................................................. 64 

4.3.1 Data Collection ...................................................................................................... 64 

4.3.2 Research Methodology .......................................................................................... 67 

4.4 Analysis Results and Discussion ................................................................................. 68 

4.4.1 Behavior over Time (BOT) Charts ........................................................................ 68 

4.4.2 Summary Statistics of Price Variables ................................................................... 69 

4.4.3 Correlations among Price Variables ...................................................................... 71 

4.4.4 Multivariate Regression Model Estimation ........................................................... 73 

4.5 Conclusions and policy implications ............................................................................ 78 

5.   COMBINED RESULTS AND DISCUSSIONS ...................................................................... 81 

5.1 Introduction...................................................................................................................... 81 

5.2 Results and Discussion: Impact of the U.S. Deregulation on Renewable 
Capacity Additions ......................................................................................................... 82 

5.2.1 Regulated Florida ................................................................................................... 82 

5.2.2 Deregulated Massachusetts .................................................................................... 82 

5.2.3 Deregulated Texas ................................................................................................. 83 

5.3 Results and Discussion: Impact of the U.S. Deregulation on Retail Electric 
Price ................................................................................................................................. 83 

5.3.1 Regulated Florida ................................................................................................... 83 

5.3.2 Deregulated Massachusetts .................................................................................... 84 



Texas Tech University, Peter Yungkil Jang, August 2020 

vi 
 

5.3.3 Deregulated Texas ................................................................................................. 84 

5.4 Policy Implications and Future Research ................................................................... 85 

REFERENCES .............................................................................................................................. 88 

APPENDICES ............................................................................................................................... 95 

A. List of RPS Requirements in Massachusetts..................................................................... 95 

B. Alternative Compliance Payment (ACP) Rates U$/MWh in Effect from 2003 – 

2018, Massachusetts ......................................................................................................... 96 

C. Results of the Annual Forward Capacity Auctions in New England ................................ 97 

D. One Way Analysis of Electric Price for Three States, Before and After Federal 

Deregulation (1996) .......................................................................................................... 98 

E. One Way Analysis of Electric Price for Massachusetts and Texas, Before and After 

Retail Competition ............................................................................................................ 99 

 



Texas Tech University, Peter Yungkil Jang, August 2020 

vii 
 

ABSTRACT 

The U.S. electricity industry has experienced active deregulation policies with the 

federal Energy Policy Act in 1992, following the precedents of other industries in 

trucking, telecommunications, airline, and natural gas in the 1970s and 1980s. Electric 

deregulation policies demonstrated clear objectives: demolish the industry’s monopoly of 

vertically integrated investor owned utilities and encourage more investments in 

environment-friendly renewable energy. This dissertation paper analyzes 29 years of 

historical observation period from 1990 to 2018, to investigate the impacts of U.S. 

electric deregulation on the levels of renewable energy investments and retail electricity 

prices. The electric deregulation included the U.S. electric deregulation and tax incentives 

at a federal level, and the renewable portfolio standard (RPS) and deregulation policies at 

state level. Three states are selected for this comparative study: one regulated state of 

Florida (FL), and two deregulated states of Massachusetts (MA) and Texas (TX), who 

have taken different pathways in the deregulation. 

Empirical results from factor analysis and regression models showed that the 

investment levels of renewable energy capacity in regulated Florida were affected by two 

significant variables, the state’s electric price and the federal deregulation. The two 

variables showed negative coefficients in affecting the investment level in the state, 

indicating that the regulated state saw renewable energy developments negatively 

affected by increased electric prices and federal deregulation policies. On the other hand, 

in the two deregulated states were positively influenced by the state RPS programs (in 

both MA and TX), the state’s electric prices and federal tax incentives (in TX), while the 

federal deregulation was not significant at the 10% level in the two deregulated states. 

The analysis results also showed that the electric prices in regulated Florida was 

positively influenced by the state’s natural gas price, and its gas-fired capacity level, with 

the federal deregulation insignificant. In deregulated states of Massachusetts and Texas, 

the electric prices were influenced by the state deregulation of retail competition, not the 

federal deregulation. In Massachusetts, electric price was negatively influenced, or 

lowered, by the implementation of retail competition, compared to Texas where the price 

was positively influenced, or increased, by the state retail competition. 



Texas Tech University, Peter Yungkil Jang, August 2020 

viii 
 

To examine any consistent characteristics among the two types of electric 

markets, regulated and deregulated, this paper applied the same significant explanatory 

variables from the three states to build models for their neighboring states: a regulated 

state of Alabama and a deregulated state of Connecticut. The test application results 

showed that the influencing variables are not necessarily uniform, varying by the state, on 

the renewable energy investments and electric prices. Reasons for the differences, 

whether regulated or deregulated, may be attributable to the differences in individual 

states’ own agenda and commitment levels in implementing energy policies. 

 

Keywords: U.S. electric deregulation, production tax incentive, renewable energy 

investment, retail electric price, renewable portfolio standard (RPS), energy economics, 

energy policy 
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CHAPTER 1 

INTRODUCTION 

1.1 History and Background 

Electric utility restructuring is described as a transition from regulated monopoly 

electric utility service to market-based competitive electric service. The restructuring is 

also known as deregulation, competition, retail wheeling, retail access, customer choice, 

and unbundled service (Florida Public Service Commission, 2019).  Deregulation efforts 

are designed to reduce the inefficiencies arising from regulation where regulatory 

agencies negatively affect the customers and economy as a whole.  Proponents of the 

deregulation claim that the fewer the regulations are, the more competitive and 

productive a market will be, and ultimately, leading to lower prices that benefits the 

customers. Opponents counter that the deregulation would bring concerns of 

environmental issues and unstable financial conditions, due to an insufficiency of the 

rules.  

The U.S. went through a series of deregulation in several industries since the late 

1970s and 1980s: trucking, railroad, airline, communications, and natural gas, followed 

by electricity industry in 1992 when the Energy Policy Act (EPAct) was passed by the 

federal legislature (Niederjohn, 2003). Prior to the EPAct of 1992, the Public Utilities 

Regulatory Policies Act (PURPA) opened door in 1978 to the electric deregulation in the 

U.S. The PURPA required electric utilities to buy capacity and energy from qualified 

cogeneration and small power producers (qualified facilities, or QFs) and pay full 

avoided cost that the utilities would incur. This Act was a catalyst to encourage lower 

cost combined cycle generation technology and fuel efficiency to grow its presence in 

market, with the advantages of a short time to construct, and planning and operating 

flexibility (Florida Public Service Commission, 2019).  

The EPAct of 1992 would be a further impetus to the wholesale competition by 

reducing regulatory requirements for the Exempt Wholesale Generators (EWGs) by 

encouraging more merchants to enter electric markets. A traditional vertically integrated 

utilities need to be more efficient in terms of generation, transmission, and distribution. In 
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particular, industrial users, in the Northeast and Midwest of the U.S., who are heavy users 

of electricity, have strong interest in decreasing the electric rates.  

On the transmission side, Federal Energy Regulatory Commission (FERC) Order 

888 of 1996 pursued more open access to electric transmission lines, where transmission 

owning utilities were mandated to have their public utilities transmission available to all 

market participants, functionally unbundling their services, and FERC Order 889 further 

established open access same time information system (OASIS) in electric sector (Florida 

Public Service Commission, 2019). 

There are two opposing theories for restructuring motivation: Public Interest 

Theory and Interest Group Theory (Craig, 2016). The first theory views that regulators 

make changes to maximize the public welfare, while the latter explains that those interest 

groups, such as consumers or producers, try to act or lobby for their specific interests. 

Analyzing the U.S. eighteen states in electric restructuring progress to improve efficiency 

during the years of 1996 to 2002, Craig (2016) finds that there is some evidence in Public 

Interest Theory, but strong evidence in Interest Group Theory, implying that consumers 

and producers are acting for their interests as restructuring motives. 

1.2 Problem Statement 

The U.S. deregulation in the electricity industry addressed four activities: 

generation, long transmission and distribution, retailing, and procurement of power 

purchase agreement (PPA) and billing (Borenstein & Bushnell, 2014). Investor owned 

utilities (IOUs), vertically integrated, are required to divest their generation assets, which 

involve issues of recovering stranded costs, and also encouraged merchants and 

independent power producers (IPPs) to enter into the deregulated electricity markets. An 

essential backbone of the electricity market restructuring is allowing all generators to 

have equal and open access to transmission, where transmission utilities are not able to 

exercise any monopoly power for delivery of electricity. Retail restructuring was 

designed to promote customer choices for retail energy providers under new market 

competition, but an issue associated with the new paradigm is that the retail energy 

providers are not responsible for systems reliability. 
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The EPAct of 1992 has the state and national implications in terms of stranded 

costs, electricity rates, and the country’s fuel portfolio (Gottfried, 1997). The EPAct 

would lead to utilities’ reactions; in particular, increased merger and acquisitions (M&A), 

to improve efficiency and leverage, gain more market share and innovative access to 

additional fuel and capitals. Fuel reshuffling would lead utilities to seek for competitive 

fuel costs, and small gas-fired power plants, while on an environmental front, renewable 

energy sources would provide long-term benefits, less dependence on foreign oil, and 

no/little waste pollution, steady energy supply, and local job opportunities. These 

renewable energy efforts, however, involve high costs that make it less viable, though 

some scholars argue the costs may be offset by externalities of pollution costs, societal 

costs, and the competition effects.  

While eighteen states in the U.S. implemented electric deregulation as of 2018 

(ElectricChoice.com, 2019), there have been no studies on how the electric deregulation 

affected renewable energy investment and electric prices, as part of the deregulation 

objectives, on a state level, in particular, for a still regulated state and deregulated states.   

1.3 Research Questions 

Florida still maintains regulated electric markets without a state’s renewable 

portfolio standards (RPS) or retail competition, while Massachusetts and Texas 

deregulated their electric markets, in 1998 and 2002, respectively, and opened the 

industry to retail competition. The two states also have implemented the RPS policies to 

resolve environmental issues arising from electric generation.  

This paper aims to answer the following two research questions. 

1.3.1 First Research Question 

One of the electric deregulation objectives is to encourage more investments in 

renewable energy capacity to address environmental issues in the electricity industry. 

Electricity industry accounted for 53% of greenhouse gas in 1997 and received serious 

attention from all policy makers (Perkins, 1998), and later in 2019,  the share was down 

to 28% (Nasr, 2019). 
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 In this respect, the first question is:  

What is the impact of electric deregulation in the U.S. on renewable investments 

in capacity additions, in particular, in three states of Florida, Massachusetts, and Texas 

that had gone through different pathways in the deregulation? 

This would be a comparative analysis of the reactions and interactions associated 

with the changes implemented in the deregulation at both federal and state levels. 

1.3.2 Second Research Question  

Another deregulation objective is to lower retail electric prices for customers; by 

creating marketplace where there is no monopoly, and all retail energy providers has 

equal footing to supply at the most competitive prices. Value propositions and 

implementation progress suggested by the deregulation may vary with state levels, 

depending on their levels of restructuring progress and geographical locations. 

In this respect, the second question is:  

What is the impact of electric deregulation in the U.S. on retail electricity prices, 

in particular, in three states of Florida, Massachusetts, and Texas that had gone through 

different pathways in the deregulation processes? 

This would be a comparative analysis of the reactions and interactions associated 

with the changes implemented in the deregulation at both federal and state levels. 

1.4 General Hypotheses 

Working from the problem statements and research questions, general hypotheses 

are established as follows: 

o Research question 1:  

o Hypothesis: if the objectives of the federal and state-level deregulation 

and restructuring in the U.S. electricity industry were successfully 

accomplished, renewable investments in capacity additions in the 

deregulated states, Massachusetts and Texas, would find the 

deregulation and restructuring implemented as statistically significant 

explanatory variable, as compared with a still-regulated state, Florida. 
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o Research question 2: 

o Hypothesis: if the objectives of the federal and state-level deregulation 

and restructuring in the U.S. electricity industry were successful, retail 

electricity prices in the deregulated states, Massachusetts and Texas, 

would find the deregulation and restructuring implemented as 

statistically significant explanatory variable, as compared with a still-

regulated state, Florida. 

1.5 Research Purpose 

The purpose of this paper has two folds: understand the history and objectives of 

the electric deregulation and restructuring in the U.S., how the new deregulation policies 

have been implemented on a state level, and track the historical performance in terms of 

changes in renewable energy capacity additions, in particular, wind and solar capacity, 

and retail electricity prices, using annual historical data of 1990 to 2018 in three states of 

Florida, Massachusetts, and Texas. 

1.6 Research Objectives 

This paper aims to perform comparative empirical analysis of (i) the impacts of 

the U.S. electric deregulation on renewable investments in solar and wind capacity 

additions combined, and (ii) the impacts of the U.S. electric deregulation on retail electric 

prices among three specific states, Florida, Massachusetts, and Texas, which have taken 

different pathways of electric deregulation.  Massachusetts and Texas are deregulated 

states, compared to the regulated Florida. The comparative analysis results are expected 

to reveal different impacts on the two types of electric markets, deregulated and 

regulated.  

1.7 Delimitations 

The following limitations and assumptions are adopted in this paper. 

1.7.1 Limitations 

(1) Historical data for analysis are for three states in the U.S.: Florida, 

Massachusetts, and Texas. 
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(2) Annual data are from public sources, in particular, the U.S. Energy 

Information Administration (EIA). 

(3) Renewable energy for this analysis includes wind and solar only, part of non-

hydropower technology. 

(4) Deregulation history, and arguments from proponents and opponents are from 

both public and private sources. 

1.7.2 General Assumptions 

(1) EIA annual data for renewable capacity additions and retail electricity prices 

are affected by government policies and may reflect micro and macro-

economic situations where their stakeholders are active. 

1.8 Relevance of this Study 

1.8.1 Relevance of this Research 

There have been several studies related to the U.S. electric deregulation and 

restructuring and their impact, but no studies are found that addressed the deregulation 

impact on individual state-level, in terms of renewable energy capacity additions and 

retail electricity price. U.S. electric deregulation has been implemented since the EPAct 

of 1992 at the federal level; it would be relevant to examine how the federal deregulation 

and, subsequently, state-level deregulation have exerted impacts on additions of 

renewable energy capacity and retail electric prices in the individual states in the three 

states, Florida, Massachusetts and Texas, in this study. 

1.8.2 Benefits of this Research 

Thus, this state-specific comparative study is expected to contribute to the body of 

knowledge in the field of the U.S. energy industry, in terms of renewable energy policy 

implications related to electric deregulation, which also is expected to benefit federal and 

state policy makers, as well as private sector participants who look to invest in the 

electricity infrastructure. 
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1.9 Expected Research Results 

The three states have shown different level of commitments towards the electric 

deregulation and restructuring, and accordingly, resulted in different levels of changes in 

their renewable investments in capacity additions and retail electric prices.  This 

comparative study will use a statistical approach to make comparison of the data before 

and after the deregulation and restructuring rules are enacted and implemented, with 

other macroeconomic variables. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

Electric industry has a value chain of generation resources, voltage increasing 

(“step-up”) transformers, bulk power, transmission, voltage decreasing (“step-down”) 

transformer, distribution lines, and customer demand (ISO New England Inc., 2018). As 

of 2018, the U.S. has 1.1 million MWs of net summer generating capacity, with a fuel 

mix of gas 43%, coal 22%, hydro 9%, nuclear 9%, wind 9%, solar 3%, and petroleum 3% 

(EIA, 2019). In aggregate, the fossil fuel capacity (coal, gas, petroleum) accounts for 

68%, while renewables capacity (hydro, wind, solar) takes 21%. Figure 1 shows the U.S. 

net summer generating capacity and their fuel portfolio. 

 

 

Figure 1. U.S. Net Summer Generating Capacity - Total 1.1 Million MWs in 2018 

 

Among new planned additions of 24,800 MWs in 2019, 60% of new additions are 

expected to come from both wind energy (11,324 MW) and solar energy (3,485 MW), 

indicating the importance of renewable energy investments (EIA, 2017). Solar energy 
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accounted for 4% of the U.S. electricity capacity in 2017, but it gains more importance in 

2019, with 14% of planned capacity additions, or 3,485 MWs. The solar energy locations 

may vary in the U.S., but its economics is subject to the availability of credit incentives 

of a regional electricity market.  

In 2018, the U.S. net electricity generation was 4.2 billion MWhs, which came 

from gas 35%, coal 27%, nuclear 27%, hydro 7%, wind 7%, solar 2%, and petroleum 

1%., as shown in Figure 2. 

 

 

Figure 2. U.S. Net Generation Fuel Mix of Total 4.2 Billion MWhs in 2018 

 

The U.S. electric industry has three major interconnections in its system 

operations: the Eastern Interconnect, the Western Interconnect, and Electricity Reliability 

Council of Texas (ERCOT). The three interconnections are interdependent on each other 

to take well-coordinated actions, in particular, to maintain system reliability in North 

America (Sauma, 2009). The interconnections are divided into 152 regional control areas, 

and the parts of the systems include transmission lines, customer loads, generators, and 

other equipment under the supervision of a single operator, or independent system 

operator (ISO) or regional transmission organization (RTO). Figure 3 presents a map of 
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the U.S. electricity markets provided by the Federal Energy Regulatory Commission 

(FERC) (FERC, 2019).  

 

 

Figure 3. Electric Power Markets - National Overview 

 

Electric deregulation is a new alternative to a local utility (American Power & 

Gas, 2015). A utility serves one area with state and federal rules to streamline power 

monopoly, but deregulation policies mandate the activities of unbundling and 

restructuring leading to open energy supply up to competition, with transmission and 

distribution still kept by the utilities. Electric deregulation takes two levels of jurisdiction: 

federal to oversee the wholesale level and individual states to oversee retails level, 

including siting laws (Dennis, 2003).   

As of October 2002, independent power producers (IPPs) accounted for 34% of 

the U.S. generation under a technical and legal framework that had been developed on a 

federal level. As of April 2019, two-thirds of the U.S. electricity is generated in the 

ISOs/RTO regions (FERC, 2019). The Federal Power Act (FPA) was passed in 1935 to 

regulate inter-state electricity sale, and established a regulatory agency, Federal Power 

Commission (FPC), that would be the Federal Energy Regulatory Commission (FERC) in 

1977. The federal deregulation policies include the Public Utility Regulatory Policies Act 

in 1978, allowing non-utilities generators, or IPPs, to sell electricity to utilities, and the 
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FERC Order 888 in 1996 opening access to all transmission users on equal footings, 

under the authority of the EPAct of 1992. In 2000, the FERC Order 2000 allowed public 

utilities to transfer their transmission lines to the ISO or RTO to promote the stable 

operations of electricity systems. 

On a state level where deregulation is not in place, the Public Utility Commission 

(PUC) or Public Service Commission (PSC) primarily regulates electricity rates charged 

by electric utilities. PUC/PSC determines prudence and reasonableness in the costs of the 

utilities and approves the rates to recover the utility costs of new generations. For 

example, Florida chose not to deregulate its retail electricity market, and still retains the 

traditional rate-regulated authority. 

2.2 Relevant Definitions 

Table 1 summarizes a list of definitions of terminology in the U.S. electric 

industry, sourced from various agencies and organizations, Florida Public Service 

Commission, the State of Massachusetts, and Energy Information Administration (EIA) 

(Florida Public Service Commission, 2018; Mass.gov, 2019; New England ISO, 2019; 

EIA, 2012). 

 

Table 1. Definitions 

Term Description 

Alternative 

Compliance Payment 

(ACP) 

Renewable Energy Portfolio Standard (RPS) and Alternative Energy 

Portfolio Standard (APS) regulations may, if necessary, discharge some or all 

of its obligations by making an Alternative Compliance Payment (ACP) in 

the appropriate amount to the Massachusetts Clean Energy Center 

(MassCEC). The ACP rate for the first year of each standard was specified in 

regulation. 

Capacity The load for which a generating unit, generating station, or other electrical 

apparatus is rated either by the use or by the manufacturer. 

Capacity Market  A market where generators receive compensation for investing in generating 

capacity. Load-serving entities, the market participants that secure electric 

energy, transmission service, and related services to serve the demand of 

their customers, make capacity payments to generators to ensure the long-

term availability of sufficient generation capacity for the reliable operation of 

the bulk power grid. 

Combined Cycle Consists of three components: two combustion turbines, each with its own 

generator, and one steam boiler with associated steam turbine generator. The 

normally wasted combustion may also be supplementally fired. 
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Table 1. Definitions Continued 

Term Description 

Day-Ahead Energy 

Market 

A market that produces financially binding schedules for the production and 

consumption of electricity one day before the operating day. 

Demand The rate at which electric energy is delivered to or by a system, part of a 

system, or a piece of equipment expressed in kilowatts, kilovolt-amperes, or 

other suitable unit at a given instant or averaged over any designated period 

of time. The primary source of “Demand” is the power-consuming 

equipment of the customers. 

Electric Utility 

Industry or Electric 

Utilities 

All enterprises engaged in the production and/or distribution of electricity for 

use by the public, including investor-owned electric utility companies; 

cooperatively-owned electric utilities; government-owned electric utilities 

(municipal systems, federal agencies, state projects, and public power 

districts); and, where the data are not separable, those industrial plants 

contributing to the public supply. 

Energy, Electric As commonly used in the electric utility industry, electric energy means 

kilowatt-hours. 

Energy Market  A system for purchasing and selling electric energy using supply and demand 

to set the price (see electricity market and wholesale electric energy market). 

The energy markets operated by ISO are the Day-Ahead Energy Market and 

the Real-Time Energy Market. 

Forward Capacity 

Market (FCM) 

In New England, the locational capacity market whereby the ISO will project 

the needs of the power system three years in advance and then hold an 

annual auction to purchase power resources to satisfy the region’s future 

needs. The aim of the FCM is to send appropriate price signals to attract new 

investment and maintain existing resources where and when they are needed, 

thus ensuring the reliability of the New England electricity grid. 

Fuel Costs (Most 

Commonly Used by 

Electric Utility 

Companies) 

Cents per Million BTU Consumed – Since coal is purchased on the basis of 

its heat content, its cost is measured by computing the “cents per million 

BTU” of the fuel consumed. This figure is the total cost of fuel consumed 

divided by its total BTU content, and the answer is then divided by one 

million.  

Coal – Average cost per (short) ton (dollars per ton) – includes bituminous 

Gas – Average cost per MCF (cents per thousand cubic feet) – includes 

natural, manufactured, mixed, and waste gas. Frequently expressed as cost 

per therm (100,000 BTU). 

Fuel Efficiency – Heat 

Rate 

A measure of generating station thermal efficiency, generally expressed in 

BTU per net kilowatt-hour. The heat rate is computed by dividing the total 

BTU content of fuel burned for electric generation by the resulting net 

kilowatt-hour generation. 

Gigawatt-Hour (GWh) One million kilowatt-hours, one thousand megawatt-hours, or one billion 

watt-hours. 

Independent System 

Operator (ISO) 

An independent, federally regulated organization formed at the 

recommendation of FERC to impartially coordinate, control, and monitor the 

operation of a regional bulk electric power system, including the dispatch of 

electric energy over the system and the monitoring of the electricity markets, 

for ensuring the safety and reliability of the system. 
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Table 1. Definitions Continued 

Term Description 

Investor-Owned 

Electric Utilities 

Those electric utilities organized as tax-paying businesses usually financed by 

the sale of securities in the free market, and whose properties are managed by 

representatives regularly elected by their shareholders. Investor-owned 

electric utilities, which may by owned by an individual proprietor or a small 

group of people, are usually corporations owned by the general public. 

Kilowatt-Hour (KWh) The basic unit of electric energy equal to one kilowatt of power supplied to or 

taken from an electric circuit steadily for one hour. 

Load The amount of electric power delivered or required at any specified point or 

points on a system. Load originates primarily at the power-consuming 

equipment of the customers. 

Load Factor The ratio of the average load in kilowatts supplied during a designated period 

to the peak or maximum load in kilowatts occurring in that period. Load 

factor, in percent, also may be derived by multiplying the kilowatt-hours in 

the period by 100 and dividing by the product of the maximum demand in 

kilowatts and the number of hours in the period. 

Load-Serving Entity 

(LSE) 

An entity that secures electric energy, transmission service, and related 

services to serve the demand of its customers. 

Locational Marginal 

Price(LMP) 

The calculated price of electric energy at a node, load zone, reliability region, 

and the hub. 

Megawatt-Hour 

(MWh) 

The basic unit of electric energy equal to 1,000 kilowatt of power supplied to 

or taken from an electric circuit steadily for one hour. 

Nameplate Rating The full-load continuous rating of a generator, prime mover, or other 

electrical equipment under specified conditions as designated by the 

manufacturer. The nameplate rating is usually indicated on a nameplate 

attached to the individual machine or device.  

Real-Time Energy 

Market 

A market that balances differences between the day-ahead scheduled amounts 

of electricity needed and the actual real-time load requirements. 

Regional 

Transmission 

Organization (RTO) 

An independent regional transmission operator and service provider 

established by FERC and that meets FERC’s RTO criteria, including those 

related to independence and market size. The RTO controls and manages the 

high-voltage flow of electricity over an area generally larger than the typical 

power company’s service territory for its distribution system. 

Renewable Energy 

Certificates(REC) 

One REC is created each time a qualified facility generates 1 megawatt hour 

(MWh) of electricity. The positive environmental attributes associated with 

then energy production. 

Renewable Portfolio 

Standard(RPS) 

Renewable Energy Portfolio Standard (RPS) requires retail electricity 

suppliers (both regulated distribution utilities and competitive suppliers) 

obtain a percentage of the electricity they serve to their customers from 

qualifying renewable energy facilities. 

Reserve Margin Reserve margin is (capacity minus demand)/demand, where "capacity" is the 

expected maximum available supply and "demand" is expected peak demand. 

It is calculated for electric systems or regions made up of a number of electric 

systems.  
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Table 1. Definitions Continued 

Term Description 

Solar Photovoltaic (PV) These devices generate electricity directly from sunlight via an electronic 

process that occurs naturally in certain types of material, called 

semiconductors. Electrons in these materials are freed by solar energy and 

can be induced to travel through an electrical circuit, powering electrical 

devices or sending electricity to the grid. 

Summer Peak The greatest load on an electric system during any prescribed demand 

interval in the summer or cooling season, usually between June 1 and 

September 30. 

System, Electric The physically connected generation, transmission, distribution, and other 

facilities operated as an integral unit under one control, management, or 

operating supervision. 

Turbine (Steam or 

Gas) 

An enclosed rotary type of prime mover in which heat energy in steam or 

gas is converted into mechanical energy by the force of a high velocity flow 

of steam or gases directed against successive rows of radial blades fastened 

to a central shaft. 

 

2.3 Federal Deregulation in the U.S. Electricity Market 

Electric investors are incurring a huge market entry cost, which requires 

economies of scale to be profitable; hence a natural monopoly was justified. The Public 

Utility Holding Company Act (PUHCA) of 1935 would end and break up the tight rein of 

sixteen large inter-state holding companies, excessively concentrated, that had accounted 

for 75% of the U.S. generation capacity by 1932, resulting in 300 power systems and 800 

rural cooperatives (Perkins, 1998; Center for Responsive Politics, 2019). The Arab oil 

embargo of 1973 also exerted dramatic impact on the U.S. energy markets, with a sharp 

increase in electricity prices, and as a result, led the U.S. to enact the Public Utilities 

Regulatory Policies Act (PURPA) of 1978 to mandate more use of renewable energy 

including wind and solar.  

Prior to 1990s, the U.S. electric industry was regulated on the foundation of 

natural monopoly, or a cost-of-service regulation, for vertically integrated investor owned 

utilities (IOUs), in principle, to help the IOUs recover all incurred costs via retail 

electricity prices. In the following years of 1995 to 2002, the industry would go through a 

wave of major regulation reforms towards a market-based structure, where non-utilities 

generators were allowed to sell electricity to utilities, retail energy providers to buy from 

electricity generators and resell to end-use customer. This is a transition from the average 
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cost concept of IOUs to a market-based marginal cost concept to serve customers 

(Borenstein & Bushnell, 2014).  

With abundant natural gas, and low cost power and less pollution observed in the 

1980s, the Energy Policy Act (EPAct) of 1992 would encourage power producers to 

compete for sale of electricity to utilities, depend less on oil imports, conserve energy, 

improve efficiency and develop more renewable energy resources (Perkins, 1998), and 

the FERC Order 888 of 1996 encouraged power suppliers to use transmission lines 

without discrimination. The first mover states to follow the federal deregulation 

initiatives were New Hampshire, Pennsylvania, Arizona, California, Massachusetts and 

Rhode Island (Center for Responsive Politics, 2019). 

2.4 State-level Deregulation in the U.S. Electricity Market 

With the EPAct of 1992 implemented, the front runner states in the electric 

deregulation were California, New Hampshire, and Massachusetts (Gottfried, 1997). One 

of the reasons behind the leading roles of California and Massachusetts were very high 

electric rates in the two states, with California average retail price 50% above a national 

average price in 1997 (Perkins, 1998). In 2018, a decade later, average retail electric 

prices of California and Massachusetts were 58% and 73%, respectively, over the 

national average (U.S. Chamber of Commerce, 2019).  

Beginning with California in 1996, many state governments enacted their own 

restructuring legislature, in order to introduce competition to electricity market by 

allowing non-utilities and IPPs to invest and serve end-user customers. Vertically 

integrated IOUs, doing business as natural monopolies for a value chain of generation, 

transmission/distribution (T&D) and retail services, were expected to divest their electric 

assets. Figure 4 shows a map of deregulation status in the U.S. electricity market 

(ElectricChoice.com, 2019).  As of end-2018, eighteen states deregulated their electric 

industry. 
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Figure 4. Map of Electric Deregulated States in the U.S.  

 

The divesture program had three purposes (Ishii & Yan, 2007): (a) incumbent 

utilities are prevented from using existing generation/T&D and exercising market power, 

(b) divesture would provide market-based evaluation to stranded cost of IOUs, and (c) 

encourage greater entry by IPPs. Ishii et al (2007) tracked twenty major IPPs in all 48 

contiguous states in the U.S. to identify whether IPPs bought existing power plants or 

invested in new plants, based on the asset price being a sum of investment cost and 

expected profit. The study found that the divesture program did not crowd out new 

investments, but rather encouraged the new entrants, particularly, IPPs to join the new 

restructured marketplace, while a minimal part of new investments was observed.  

2.4.1 Massachusetts 

Massachusetts passed the Massachusetts Electric Industry Restructuring Act 

(MEIRA) in 1997. The Act aimed to help encourage competition, reduce electric prices, 

and allow retail customers to choose their electric suppliers, and as a result, expected to 

see cost savings as in the deregulation of other industries, such as natural gas, airline, 

telecommunications, trucking, and railroads (Scibelli & Smith, 2005). The Act specified 
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a 7-year transition period, during which the state utilities, including Mass Electric, N-

Star, and Fitchburg Gas & Electric, were mandated to separate and unbundle their assets. 

Under the restructuring, the Massachusetts residents were able to purchase electricity 

from competing suppliers, at prices not regulated by the Department of 

Telecommunication and Energy (DOTE). Meanwhile, the transmission and distribution 

utilities continued to deliver the electricity over the transmission lines and get paid as a 

separate charge from energy commodity on bills. 

2.4.2 Texas 

Texas Senate Bill 7 (SB 7), signed into law in June 1999, became effective on 

January 1, 2002. Key components to the Bill were to unbundle previously vertically 

integrated utilities’ functions into three areas: generation (GenCo), transmission and 

distribution (WiresCo), and retail energy suppliers (REP). Under the new industry 

structure, the integrated utilities would have to sell or spin off their generation stations, 

WiresCo would be prohibited from abusing its market power in transmission and 

distribution lines, and REP would be sole sources for retail electric power contracts 

(Ennis & Argo, 2001).  

2.4.3 Florida  

While many states have enacted a regulation and implemented electric 

restructuring since the PURPA of 1978 and the EPAct of 1992, Florida State is not one of 

the states that did not join the electric deregulation. North Florida is connected to Georgia 

and Alabama and imports electricity from the state, but South Florida is not, resulting in a 

higher average electricity cost by 13% than Georgia, and, by 35% than Alabama (Office 

of Economic and Demographic Research, 1998).  

Florida electric sector was hit hard with rotational black-outs across the state 

when there was Arab oil embargo in early 1970s, because of the state’s heavy 

dependence on oil power plants. Usually, the state buys electricity from Southern 

Company in Georgia on contracts “coal-by-wire”, helping Florida increase reliability and 

also lower fuel cost (Florida Public Service Commission, 2019).  
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One of the arguments that Florida did not deregulate the electric sector is that 

deregulation took place in states with the highest energy prices in the nation, and the 

customers of Tampa Electric, one of Florida utilities, pay significantly lower than the 

national average price by 19% (Gross, 2019). Over all in Florida, average retail electric 

price of the state in 2018 was 1.4% below the national average price (U.S. Chamber of 

Commerce, 2019).  

On an opposing front, Citizens for Energy Choices, a Florida civil rights group, 

had submitted proposals for customers’ right to choose electric suppliers and deregulation 

movements are going on the Florida political agenda. 

2.5 Deregulation Uncertainty and Diffusion Pathways 

Economic regulation takes much of the risk for everyone, in the policy making 

decisions to start where we are with what we have. When much is unknown about the 

technology, business models and customers of the future, economic regulation can serve 

this role (Lesh, 2010). Energy policy makers spent a lot of time to build additional policy 

layers during 1994 to 2004, which included rate cases, embedded cost-based rates, filed 

tariffs, a rate of return regulation, the rule of prudence, the prohibition of discrimination 

and accounting requirements. 

With deregulation, the IOUs were mandated to divest their generation assets, and 

the voices of the market participants were different (Center for Responsive Politics, 

2019). Existing IOUs were confident in their lower prices and ability to improve services, 

while municipal and government utilities wanted to compete fairly with the IOUs, under 

government monitoring and ensuring fair pricing, and rural, individual government-

owned utilities supported a choice of electric providers, with no more federal regulation. 

Small retail energy providers’ customers claimed the electric deregulation has negative 

impact on residential, small businesses, and farms, thus wanting Congress to give 

regulatory authority to states and to allow electricity cooperatives to regulate themselves. 

In a policy diffusion process, innovative legislatures tend to serve bigger, richer, 

more urbanized, and hetero states, and there are early adopters, and neighboring states 

follow them (Andrews, 2000). The innovators have relative advantages over existing 

means, compatible with existing systems, complexity, and observability. Through an 
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event-history analysis on the U.S. electricity reforms during 1993 to 1999, Andrews 

(2000) suggests that the electric deregulation moves were more likely lead to higher 

electric prices for a state, and there is no evidence that established IPPs are more 

supportive of reforms and experienced competitive advantages. 

Real options approach suggests that uncertainty delays investment decisions, 

waiting for more information, hence regulatory uncertainty decreases the probability of 

status change among existing generators (Fletena, Haugoma, & Ullrich, 2017). In the 

same context, cash flow uncertainty has information effect, or option value effect on 

spark spread, reducing probability of shutdown or abandonment among existing 

generators. Fletena et al (2017) examined 1,121 individual electric power generators over 

the period of 2001 to 2009 in the U.S., and concluded that there was a strong evidence of 

real options effects in the decisions: under both profitability and regulatory uncertainty 

probability of shutdown decreases, under regulatory uncertainty alone the probability of 

startup decreases and under cash flow uncertainty alone the probability of startup 

increases, in particular, for large generators. 

2.6 Technology and Fuel Choices 

With electric deregulation for retail competition, a downstream, since the EPAct 

of 1992, innovation responses in upstream technology firms, measured by the number of 

patents, declined by 11.3% (Sanyal & Ghosh, 2013). The IPPs in the downstream had to 

face more competition in electric markets, reduced profits, and that may have contributed 

to the decreased innovation of the upstream electric equipment manufacturers. 

Factors in investment decisions in electric industry include the high efficiency 

technology to be competitive, and whether a market has both a capacity liberated market 

and energy market, not just energy only market that may produce less sufficient cash 

flows and thus lead to less investment. While most of the studies focused on operational 

efficiency improvement after deregulation is implemented, a study addressed impact of 

the deregulation on technical efficiency and fuel choices, exploring “the cost of service” 

to liberalized wholesale (Csereklyei & Stern, 2018).  

Analyzing the historical data of fuel, technology and economic variables during 

1970 to 2014 across lower 48 states, Csereklyei et al (2018) found that in general natural 
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gas technology increased due to its higher expected profits, resulting in lowering coal 

inventory. In times of higher natural gas prices, there emerged more coal and renewable 

energy technologies. Overall, natural gas price expectation has the potential to shape the 

power generators landscape of the future. 

2.7 Deregulation Concerns and Issues 

When the IOUs are mandated to divest their generation assets, there were issues 

of their investment cost recovery, or a stranded cost associated with the implementation 

of electric deregulation. The electric deregulation has to address three questions: stranded 

cost, its measure, and payment method (Congressional Budget Office, 1998). Sources of 

the stranded costs included unrecovered asset cost, long-term contract, regulated asset, 

capitalized investment, employee transition cost, and retail customers. Payment methods 

include (a) surcharge per KWh of electricity consumed, (b) a lump sum charge on all 

customers, and (c) a lump sum exit fee only to customers switching to third party 

suppliers. 

Another concern arising from electric deregulation was system reliability. Since 

the market restructuring began in 1997, the wholesale level markets are created with 

regional transmission organizations (RTO) and independent system operators (ISO) as 

independent entities to oversee the wholesale market operations (Borenstein & Bushnell, 

2014). For generators to be more competitive, their performance improved in the 

efficiency level of power plants, and natural gas became a marginal source of fuel. Retail 

electric price structures also evolved with smart meters and dynamic pricing at the 

marketplace. 

One study claims that electric system reliability may be negatively affected by 

deregulation policies (Prentis, 2014). Analyzing reserve margin forecasts for 2014 to 

2023 for fifteen deregulated states and Washington, D.C., the author argues that as 

electricity is a public good, electric markets cannot send correct price signals, and actual 

additions of generators were lower than the forecast for the states. 

In Massachusetts, noting potential risks of fluctuating electric prices expected in a 

deregulated environment, an industry group suggested that businesses form an aggregator 

buyer group to exercise a bargaining power in negotiating a rate with retail electric 
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suppliers (Scibelli & Smith, 2005). The topic of load profiling became important to the 

cost-conscious businesses. As electric power is the ultimate “just in time product”, timing 

of its use is more important than the quantity of consuming it (Ennis & Argo, 2001). As 

the price is various with time of use, in particular, the last MWh generated is more 

expensive than the first MWh generated as in the case of baseload and peak load 

technologies, consuming electricity during off-peak periods, or evening time or 

weekends, would save a lot of electricity costs. Besides, aggregation of buyers’ demand 

and load profiling, there is a growing need for energy management and demand side 

management (DSM) to reduce the cost to businesses as well as the whole electricity 

market. 

While some studies argue that electric deregulation helped improve efficiency by 

higher competition level, but one study (Razeghi, Shaffer, & Samuelsen, 2017) contends 

“not necessarily so”. The efficiency may be improved by retirements of aging plants, or 

new environmental rules, such as the Clean Air Act in 1970, and management of 

available resources. As electricity markets usually require a high cost of new entry and 

exit, along with entry barriers to the transmission grid, most electricity markets are not 

competitive and efficient (Matisoff, Noonan, & Cui, 2014).  

With the high penetration of renewable energy, there is a strong need for 

additional transmission grid to support the new capacity in the system. There are 

insufficient incentives in the U.S. for long-term investment in transmission (Sauma, 

2009). New capacity additions usually involve problems of unit commitment, transaction 

scheduling, and unit dispatch on the operation aspect. Generation owners have no 

incentives to support transmission upgrades because they seek for profitable opportunity 

in congested markets, while transmission developers only look to a regulated rate of 

return, financial transmission rights (FTR), or network investments.  

While Florida is not a deregulated state in electric sector, one industry group 

voiced opposing the electric deregulation in the state that the deregulation would have 

detrimental effects on the state business and citizens by increasing cost and market 

uncertainty (The Associated Industries of Florida, 2019). The group adds that as Florida 

is already enjoying low electric rates, retail competition under the deregulation would 
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cause inefficient and uneven service to the state or a major chaos, with a concern about 

reduced reliability and deceptive marketing tactics. Their point is that the policy that did 

not work in other states would not work in the sunshine state. 

For economic regulations to be successful, economic regulations should have 

three great strengths in the coming decades (Lesh, 2010): the essential flexibility to 

manage results, the ability to bridge between the business models of sellers and buyers, 

and a flexible nature of pricing to support many different kinds of pricing.   
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CHAPTER 3 

COMPARATIVE STUDY OF THE IMPACTS OF U.S. ELECTRIC 

DEREGULATION ON RENEWABLE ENERGY INVESTMENTS IN 

FLORIDA, MASSACHUSETTS, AND TEXAS1 

3.1 Introduction 

U.S. deregulation in electricity industry addressed four activities in the 1990s: 

generation, long transmission and distribution, retailing, and procurement of power 

purchase agreement (PPA) and billing (Borenstein & Bushnell, 2014). Investor owned 

utilities (IOUs), vertically integrated, were required to divest their generation assets, 

which involved the issues of recovering stranded costs and also encouraged merchants 

and independent power producers (IPPs) to enter into deregulated markets. An essential 

backbone of the electricity market restructuring is allowing all generators to have equal 

and open access to transmission, where transmission utilities are not able to exercise any 

monopoly power for delivery of electricity. Retail restructuring was designed to promote 

customer choices for retail energy providers under competition. 

Utility business, in natural gas or electricity, was a natural monopoly, as 

compared to a free enterprise.  A utility provided assets of generation, long distance high-

voltage transmission and distribution lines to serve end-use customers (Conservation Law 

Foundation, 2015). Starting in the early 1990s, many U.S. states passed the laws to break 

up three separate functions of the utilities, and three different companies were formed 

under deregulation rules, with goals to lower electric rates for customers. As of 2018, 

eighteen states in the U.S. deregulated their electric markets and opened them to retail 

competition (ElectricChoice.com, 2019). Usually, there are two components of retail 

electricity price, energy commodity accounting for two-thirds of the price, and 

transmission and distribution (T&D) portion for one-third as a pass through. 

The federal electricity deregulation Energy Policy Act (EPAct) of 1992 had both 

the state and national implications, in terms of its effects on stranded costs, electric rates, 

reform of utilities, and reshuffling of the U.S. fuel portfolio (Gottfried, 1997). Fuel 

reshuffling would lead utilities to seek for competitive fuel costs, and small gas-fired 

 
1 This Chapter is adapted from the manuscript that was submitted to a refereed journal. 
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power plants, while on the environmental front, renewable energy (RE) sources would 

provide long-term benefits, less dependence on foreign oil, and reduction of greenhouse 

gas emissions, steady energy supply independent from fossil fuels (Braun & Glidden, 

2014), and local job opportunities.  

Energy is an indispensable product, but often associated with social costs of 

externalities not captured in its price, leading to social inefficiency (Perkins, 1998). Clean 

Air Act (CAA) of 1970 specified that electricity generators were required to install 

pollution control equipment to remove externalities, and electric restructuring policies 

have maintained a two-goal policy: search for low cost power with deregulation and 

continue to protect environmental objectives.  

Advancing a goal of environmental protection has been well present in most of 

federal electric deregulation. CO2 is the most significant among greenhouse gases, and 

electricity industry accounted for 53% of greenhouse gas and received serious attention 

from all policy makers (Perkins, 1998).  The contribution portion of electric generation 

sector was later down to 28% in 2017 (Nasr, 2019). Electric industry’s options are (a) 

physical reduction by reducing electric consumption, absorbing CO2, and sinking at 

forest preserves, and (b) switching from coal and oil to natural gas with less CO2 

emission. Deregulation policies suggested two approaches for the environmental goals: 

market-based rules that heavy polluters should pay a higher price than less polluters, and 

non-market-based subsidies, such as Production Tax Credit (PTC), Investment Tax Credit 

(ITC) and Renewable Portfolio Standard (RPS). 

With growing concerns of greenhouse gas emissions, RE resources have gained 

more attention from policymakers, environmentalists, and above all, public consumers. 

Renewable Portfolio Standard, following the federal electric deregulation in the early 

1990s, created markets for RE via mandatory requirements in some of U.S. states 

(Campbell, 2012). Goals of the RPS included an increase in green energy and embedded 

energy efficiency requirements, as well as providing energy incentives for coals and 

nuclear technologies (Burtraw, Palmer, Paul, Beasley, & Woerman, 2013). 

In the U.S. RE developments, wind energy has been dominant in new capacity 

additions. In 1999, the U.S. had 2,473 MW of wind capacity, with Texas at 184 MW, or a 
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merely 7.4% of the total U.S. wind. California was the first with 1,600 MW, followed by 

Minnesota 274 MW and Indiana 242 MW (Linowes, 2018). In 2006, the U.S. grew its 

wind capacity to 11,000 MW, with Texas as a leader with 2,736 MW, and then in 2018, 

Texas with 23,000 MW, followed by Oklahoma with 7,495 MW. A study even predicted 

a high renewable electricity future of 80% in 2050, out of total installed capacity in the 

U.S. (Bazilian, et al., 2014).    

One of electric deregulation objectives is to encourage more investments in RE 

capacity (MWs) to address environmental issues. In this respect, the question is, What is 

the impact of U.S. electric deregulation on the RE investments in adding capacity (MWs), 

in particular, in three states of regulated Florida, and deregulated states of Massachusetts 

and Texas that had gone through different pathways of electric deregulation? This study 

aims to answer the question by tracking down RE investments in annual capacity 

additions among three states. As of 2019, Florida remained regulated without any state 

renewable portfolio standards (RPS), while Massachusetts and Texas deregulated their 

markets back in 1998 and 2002, respectively, opening to retail competition. The two 

states have implemented the RPS policies in 1997 and 1999, respectively, to address the 

environmental issues. 

This research provides a comparative empirical study of how electric deregulation 

on both federal and state levels affected the RE investments in the three states. If 

objectives of federal and state deregulation in the U.S. electricity industry were 

successfully accomplished, RE investments in deregulated states would have been more 

influenced than in a still-regulated state, by the deregulation and restructuring policies 

implemented.   

3.2 Literature Review 

3.2.1 Florida Electricity Market 

Florida is one of non-regional transmission organization (RTO) electric markets 

in the U.S. The state belongs to the Southeast electricity market and is in the Florida 

Reliability Coordinating Council (FRCC). Utilities in the Southeast are not deregulated, 

still vertically integrated and virtually all the physical sales are done bilaterally between 

electric generators and purchasers (FERC, 2016).  
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Florida is one of the four states with utility scale solar thermal technology, and in 

the U.S., it ranks second to Texas in total generating capacity, and third to Texas and 

California in total electric consumption (EIA, 2019). Figure 5 presents the composition of 

net summer generating capacity in Florida. As of 2018, the state has net summer 

generating capacity of 57,359 MWs, with gas capacity at 69% and coal at 14% (EIA, 

2019). 

 

Figure 5. Florida Net Summer Generating Capacity - Total 57,359 MWs in 2018 
 

3.2.2 Massachusetts Electricity Market 

Massachusetts is a part of New England ISO (ISO-NE) electricity market, a 

regional transmission organization (RTO) for the region, along with five other New 

England states. ISO-NE imports around 17 percent of its annual energy needs from its 

interconnected neighbors, Québec, the New York Independent System Operator 

(NYISO), and New Brunswick (FERC, 2017).  

In 2018, Massachusetts generated 67% of its electricity from natural gas, and 

became the third New England state without coal-fired generation. The state also relies 

on nuclear power and RE for the rest of electricity needs (EIA, 2019). As of 2018, the 

state has net summer generating capacity of 12,875 MWs, with gas capacity at 50% and 
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petroleum at 20%. Figure 6 presents net summer generating capacity in Massachusetts 

(EIA, 2019). 

 
Figure 6. Massachusetts Net Summer Generating Capacity - Total 12,875 MWs in 2018 

 

3.2.3 Texas Electricity Market 

Electricity Reliability Council of Texas (ERCOT) serves 90% of Texas load 

demand, and 75% of Texas land, with 610 generating units and 46,500 miles of 

transmission lines (Ragsdale, 2017; ERCOT, 2018). The remaining loads are served by 

municipal utilities or electric cooperatives, not by ERCOT; Austin and San Antonio, for 

example. ERCOT has existing capacity of 78,000 MW and saw a record peak load of 

73,473 MW on July 19, 2018. Among its 25 million customers, seven million customers 

chose competitive suppliers, accounting for 75% of its total load.  

As of 2018, Texas has net summer generating capacity of 122,159 MWs in total, 

comprising a portfolio of natural gas 57%, wind 20%, coal 16%, and nuclear 4%. Figure 

7 presents net summer generating capacity in Texas (EIA, 2019) 
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Figure 7. Texas Net Summer Generating Capacity - Total 122,159 MWs in 2018 

 

3.2.4 U.S. Environmental Initiatives 

The regulation Public Utility Regulatory Policies Act (PURPA) in 1978 opened 

the door for RE investments, due to the Arab oil embargo in early 1970s. The Act drove 

the U.S. to reduce dependence on foreign oil, as well as to increase RE investments by 

requiring utilities to buy the energy from Qualifying Facilities (QFs). On oil supply side, 

the U.S. shale oil production has since 2008 increased significantly and helped reduce 

dependence on the foreign imported oil (Jang & Beruvides, 2019).  The PURPA of 1978 

was subsequent to the Clean Air Act in 1970 which was later amended in 1990 (Brick & 

Thernstrom, 2016). 

While RE sources would provide long-term benefits of clean energy and job 

creation, (Gottfried, 1997), downsides of the RE sources include initial high investment 

cost, and less financial viability. There are often interplays between regulatory mandate 

and market competition in determining new resource investments (Weigelt & Shittu, 

2016). Renewable portfolio standards, as a regulatory mandate, are market-based, 

compared to market incentives, tax incentives, rebate, and subsidies. 
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3.2.5 Government Incentives for RE Investments 

Both state and federal legislation provided incentives for RE technologies to 

attract investors to the market penetrations. If electricity generators and consumers are 

taxed on externalities, such as pollution cost and societal cost, the full price of RE is far 

less than the expected full price (Gottfried, 1997). Federal incentives include Production 

Tax Credit (PTC), Investment Tax Credit (ITC), and accelerated depreciation, first 

introduced in the EPAct of 1992 (Brown, 2014).   

Proponents of the tax incentives argue that they help create job opportunities, 

environmental benefits, and that the U.S. can also maintain leadership position in the 

renewable energy, while opponents voice that the effects of the incentives take a long 

time to realize, and besides, renewable investors should do business in a fair market-

based competition.   

Production Tax Credit in the U.S. is a tax credit per KWh, or U$ 1.5 cents per 

KWh in 1993 dollars for the first year, to be adjusted annually 10 years based on inflation 

rates. for qualified energy resources, with a tax benefit of accelerated depreciation. Since 

its legislature of 1992, as part of the EPAct, to replace a prior incentive of Investment 

Tax Credit (ITC), the program has helped evolve and grow the U.S. wind energy 

resources (EIA, 2012). There were various impacts of Production Tax Credit expiration 

and extension years on the U.S. annual wind capacity (MWs) additions (LHS) (Union of 

Concerned Scientists, 2019). PTC expired and extended eleven times since the first 

expiry of 1999, and the extensions of PTC have also exerted impact on the U.S. wind 

capacity installation (Brown, 2014; Sherlock, 2018).  

In the mid-2008, the U.S. economy stumbled, followed by lower energy prices, 

resulting in the tax-based incentives losing popularity (Linowes, 2018). By 2016, PTC 

was U$ 2.4 cents per KWh, an equivalent of pretax U$ 3.5 cents per KWh. Advocates of 

the incentive extension claimed that they needed it to meet renewable demand as a result 

of a state-level RPS. In 2015, U.S. Congress established a phase-down PTC, depending 

on a construction start of wind projects: 100% PTC before January 1, 2017, 80% for the 

start during 2017, 60% for the start during 2018, and 40% for the start during 2019. To 

utilize the PTC extension, there was also a surge in wind turbine orders by end of 2016. 
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3.2.6 Renewable Portfolio Standards (RPS) 

As renewable energy project is a newer technology, it is hard to secure project 

financing. Renewable Portfolio Standard (RPS) is one way for the hosting states to 

support the construction of new RE projects, a requirement that retail electric suppliers to 

supply minimum percentage amount of their retail load with eligible RE sources 

(Barbose, 2017).  RPS is typically backed with penalties of some form in case of non-

compliance, and often accompanied by a tradable REC program to facilitate the 

compliance. 

Most U.S. RPS policies have been in place for over ten years (Figure 8) (Barbose, 

2017). As of July 2018, Renewable Portfolio Standard (RPS) in the U.S. is implemented 

in 29 states, Washington, D.C., and Puerto Rico, and California plans to target 33% of 

electric sales is from the RE sources. RPS had been primary driver for RE demand, which 

added 27 GW of renewable capacity from 1998 to 2010 (Campbell, 2012). Over the 

period of 1999 to 2013, 69% of wind additions were situated in the states with RPS 

policies (Linowes, 2018). There is not a mandated RPS on a federal level (Conservation 

Law Foundation, 2015). 

 

 

Figure 8. Timeline of RPS Policies in the U.S. States 
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Figure 9. RPS Policies in 29 States and Washington, D.C. 

 

RPS policies are one of key drivers for renewable generation growth, applying to 

56% of total U.S. retail electricity sales. From 2000 to 2016, total non-hydro renewable 

generation grew by 283 TWhs, in the U.S., due to tax credit, other incentives, and cost 

declines (Barbose, 2017).  Figure 9 shows a map of RPS programs implemented by 

states. 

3.2.6.1 Florida Renewable Policy 

Florida does not have any RPS program in place, but its RE initiatives have been 

active on a utility level. In the Southeast U.S., RE development takes a form of utility 

solar photovoltaic (PV) panel (Barbose, 2017). Florida Power and Light (FPL) argued 

that electric deregulation is a failed idea in history, harmful to both customers and 

Florida’s economy, and damages the state efforts towards clean energy progress (Gross, 

2019). FPL proposed to install 30 million solar panels by 2030 and eliminate its last coal-

fired plants by end of 2019.  

The RE generation in Florida was 3,125 GWhs in 2017, and is expected to be 

18,801 GWhs in 2027, mostly from solar energy in the Sunshine State (Florida 

Reliability Coordinating Council, 2018). As of August 2017, Florida, a non-RPS state, 

produced 12% of generation from emission-free nuclear technology and a significant 

portion of renewable technology, mostly solar.  
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3.2.6.2 Massachusetts RPS 

Massachusetts was one of the first states to enact an RPS program in 1997, 

followed by California in 2002. In New England, five out of six states, except Vermont, 

have mandatory RPS program (Conservation Law Foundation, 2015). The RPS has three 

basic features in the program: a mandate, RE credit (REC), and alternative compliance 

payment (ACP). The mandate specified that a certain percent of serving electricity should 

be from renewable sources, and the obligation increases annually. The baseline year was 

December 31, 1999, and its implementation started in 2003, with 0.5% increase per year 

from the baseline, and after 2003, the rate has been increasing at 1% per year. 

APPENDIX A presents a summary of requirements in the RPS program in 

Massachusetts. 

The U.S. Northeast region is a relatively small market, but the RPS is the large 

driver: almost all RE capacity additions are seen to meet RPS demand (Barbose, 2017). 

Massachusetts has very detailed components of RPS percentage requirements: RPS Class 

I, Class II, APS (Alternative Energy Portfolio Standard), and CES (Clean Energy 

Standard). The latest requirements for RPS Class I are rising 2% per year from 2020 to 

2029, and then 1% per year after 2029, while APS grows a constant 0.25% per year 

(Mass.gov, 2019). The state established a unique RPS requirement of offshore winds 

1,600 MW by 2027, and new solar procurement program 1,600 MW (Barbose, 2017).  

The state also specifies Alternative Compliance Payment (ACP) (Mass.gov, 2019).   

3.2.6.3 Texas RPS 

In 1999, Texas established its RPS targets to 2,880 MWs by 2009, from the 

existing 880 MW, and to 5,880 MWs by 2015, including 500 MWs from non-wind, and 

again to 10,000 MWs by 2025 (ERCOT, 2019). The RPS program is capacity-based, not 

energy-based, where MW of qualified resources is counted. 

Texas is one of the oldest RPS programs, with a history of problems and solutions 

(Hurlbut, 2008). RPS is a small driver in Texas: the state achieved new RPS target 5,000 

MW, set for 2015, in 2008, 7 years ahead of the plan. Since then, all growth in RE is non-

RPS related (Barbose, 2017). The 10,000 MW target by 2025 was already achieved by 

2011.  
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Table 2 presents a schedule of cumulative RE capacity required by corresponding 

dates in Texas (DSIRE, 2018). In Texas, RE capacity was 10,307 MWs in 2009, and by 

end of 2016, 22,957 MWs. 

 

Table 2. Texas Cumulative RPS Targets and Corresponding Dates 

Cumulative RE Capacity (MW) Target Date Remark 

2280 1/1/2007  

3272 1/1/2009  

4264 1/1/2011  

5256 1/1/2013  

5880 1/1/2015  

10000 1/1/2025 voluntary target 

 

3.2.7 RE Credit (REC) Market 

Renewable energy credit (REC) is a virtual document, as an accounting system, to 

keep track of renewable energy (RE) generated from eligible resources, with one REC 

equal to one MWh generated. The REC is a second income source for the RE investors, 

and there was a secondary market created to facilitate the REC transactions. Alternative 

Compliance Payment (ACP) varied with the state but stayed around U$60 per MWh in 

New England, as detailed in APPENDIX B for annual ACP rates in Massachusetts. The 

ACP plays the role of setting a ceiling price for the REC, and also the revenue go into the 

State RE Funds to support renewable project in the state (Conservation Law Foundation, 

2015). 

Texas REC trading program was established in 1999 by Public Utility 

Commission Texas (PUCT) to add 2,000 MW new RE capacity by 2009 (PUCT, 2019). 

The Texas RPS was saturated around in 2008, when the REC value collapsed (Linowes, 

2018). Texas REC was U$5/MWh in July 2006, U$1/ MWh in 2010, and now the lowest 

in the U.S., while Connecticut RPS Class I REC traded U$5/MWh in 2005, U$50/ MWh 

in 2007, and U$11-30.50/MWh in 2010 (Mack, Gianvecchio, Campopiano, & Logan, 

2011). In April 2018, market broker’s quotes showed that Texas REC traded U$ 

0.55/MWh, compared to Pennsylvania U$5.25/MWh, and Connecticut U$17/MWh. 
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Thus, the total value to renewable generators in Texas was PTC U$24/MWh plus MWh 

U$ 0.55/MWh in 2018 (Linowes, 2018). 

3.2.8 Assessments of RE Investments 

Wind power became a mature technology, with the federal assistance of PTC and 

the state RPS (Parfomak, 2013). The U.S. Department of Energy (DOE) predicted 20% 

wind scenario in 2030, but the scenario needs to build 12,000 miles of transmission 

system that would face community opposition and net present value (NPV) of U$ 20 

billion (Campbell, 2012). Offshore wind project is also active in Massachusetts, with 

Cape Wind Project of 420 MW capacity. 

Taking into account diffusion programs by technical implications, increased 

economy of scales, strong policy support, energy structure, and supply consumption, the 

value of renewable market would be U$ 10 billion in 2030, and total value of RE in the 

U.S. would be U$170 billion during the period of 2010 to 2030 (Aslani & Wong, 2014).  

3.2.9 Concerns and Issues in Renewable Investments 

Intermittent renewable (IR) technologies are usually larger systems, due to their 

low capacity factor, thus resulting in expensive energy per MWh. In contrast with a 

conventional thermal technology of 80-90% capacity factor, wind technology has a factor 

of 10-25%, and solar PV has 10-25% (Brick & Thernstrom, 2016). Thus, the low 

capacity-factor renewable technologies need to be operated with a supplementary 

technology of natural gas combined cycle, and with a balanced portfolio, CO2 emissions 

may be reduced by 80-87% (Felder & Haut, 2008).   

As non-hydro RE sources, wind energy is generated during evening, thus 

requiring power during the day; while solar energy is produced during the day, requiring 

power during the evening. Despite the weaknesses of renewable energy, a high 

penetration renewable scenario could put the U.S. in 80% renewable generation by 2050 

(Mai, Mulcahy, Hand, & Baldwin, 2014).  Proponents of its subsidies in wind projects 

claim price-suppression effect, lowering electric prices, while opponents note that PTC 

and REC will still be paid by ratepayers. The U.S. Congress Joint Committee on Tax 
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(JCT) estimated that tax expenditure, or foregone revenue for PTC was U$4.8 billion, and 

the RE PTC would be U$25.8 billion over 2018-2022 (Sherlock, 2018).  

There is a controversy of the renewable additions not always including sufficient 

considerations of the system complexity to instantly match supply with demand as 

balancing requirements (Cochran, Mai, & Bazilian, 2014), and with growth of RE in the 

state, Texas saw wind power generation curtailment of 17% in 2009 due to the 

transmission issues (Linowes, 2018). In 2007, PUCT approved for additional 2,376 miles 

of transmission lines, costing U$4.93 billion, to deliver 11,553 MW of RE by 2012, and 

designated Competitive RE Zones (CREZ) to move remote RE to customer markets in 

cities (Hurlbut, 2008). 

3.3 Data Collection and Research Methodology 

3.3.1 Data Collection 

Annual installed summer capacity (MW) data for wind and solar generators, along 

with total capacity (MW) for three states of Florida, Massachusetts, and Texas are 

collected from the U.S. Energy Information Administration (EIA) Form (EIA-860), for a 

period of 29 years, from 1990 to 2018. Solar capacity includes both solar thermal and 

solar PV. Solar thermal systems are active in western states, including California, 

Arizona, and Nevada, where a sizable land space is available with natural sunlight 

conditions (EIA, 2020). While solar capacity in Florida, Massachusetts and Texas have 

been mostly based on solar farms with photovoltaic technology, Florida recently 

developed 75 MW energy center based on natural gas and solar thermal technology. 

Annual data for the reference natural gas price and gas generation capacity (MW) 

in each state are also sourced from the EIA.  In this study, annual renewable energy (RE) 

investments refer to annual capacity (MW) additions of wind and solar energy only, 

excluding hydro energy. Also, annual capacity data (MW) for cumulative gas-fired 

capacity and new additions in the states are sourced from EIA, since the gas-fired 

generation is one of the most growing technologies due to its relatively clean and cheap 

fuel price. 

Annual average prices of electricity are collected from EIA Form (EIA-861) and 

the U.S. Chamber of Commerce for a period of 1990 to 2018 (EIA, 2019; U.S. Chamber 
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of Commerce, 2019). The average prices for analysis are for a category ‘Total’, 

representing the weighted average price of all categories in each state: Residential, 

Industrial, Commercial, and Transportation.  

Sources for federal incentives and state RPS programs include Database of State 

Incentives for Renewables & Efficiency (DSIRE), the state agencies (PUCT, Mass.Gov), 

and National Conference of State Legislatures (NSCL, 2019).  

Macroeconomic variables, both the U.S. federal and state, are also considered as 

potential explanatory variables for multivariate regression. Historical data for state’s 

population, GDP, Personal Income per capita, and U.S. Consumer Price index are 

sourced from Federal Reserve Economic Data (https://fred.stlouisfed.org) and Bureau of 

Economic Analysis (https://apps.bea.gov/), while the data for market interest rates and 

stock market performance, represented by 10-year Treasury Bond yield and Down Jones 

Industrial Average Index, respectively, are from Yahoo Finance 

(https://finance.yahoo.com). Table 3 summarizes a list of data variables for analysis. 

 

Table 3. List of Variables for Renewable Energy Investment Analysis 
Variable Description 

FLRE  Annual summer renewable capacity of wind and solar in Florida, in 

MWs 

MARE  Annual summer renewable capacity of wind and solar in Massachusetts, 

in MWs 

TXRE Annual summer renewable capacity of wind and solar in Texas, in MWs 

FLREPercent  Percentage of annual summer renewable capacity of total capacity in 

Florida 

MAREPercent  Percentage of annual summer renewable capacity of total capacity in 

Massachusetts 

TXREPercent  Percentage of annual summer renewable capacity of total capacity in 

Texas 

FLREAdd  Annual summer renewable capacity addition in Florida, in MWs. 

Response variable for Florida 

MAREAdd  Annual summer renewable capacity addition in Massachusetts, in MWs. 

Response variable for Massachusetts 

TXREAdd Annual summer renewable capacity addition in Texas, in MW. 

Response variable for Texas 

FLGas$ Natural Gas Citygate Price in Florida (U$ per Thousand Cubic Feet) 

MAGas$ 
Natural Gas Citygate Price in Massachusetts (U$ per Thousand Cubic 

Feet) 

TXGas$ Natural Gas Citygate Price in Texas (U$ per Thousand Cubic Feet) 

FLGasCapMW Annual summer gas generating capacity (MW) in Florida 
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Table 3. List of Variables for Renewable Energy Investment Analysis Continued 

Variable Description 

MAGasCapMW Annual summer gas generating capacity (MW) in Massachusetts 

TXGasCapMW Annual summer gas generating capacity (MW) in Texas 

FLGasAddMW Annual summer gas capacity addition in Florida, in MWs 

MAGasAddMW Annual summer gas capacity addition in Massachusetts, in MWs 

TXGasAddMW Annual summer gas capacity addition in Texas, in MWs 

FLAvgPriceKWh Annual average price of retail electricity in Florida, in U$ cents/KWh 

MAAvgPriceKWh Annual average price of retail electricity in Massachusetts, in U$ 

cents/KWh 

TXAvgPriceKWh Annual average price of retail electricity in Texas, in U$ cents/KWh 

FedDereg88896 Dummy variable of 1 or 0. Value is 1 in and after 1996 when the FERC 

Order 888 is implemented as part of electric deregulation for open 

access to transmission 

PTCExpYR Dummy variable of 1 or 0. Value is 1 in the year when the production 

tax credit (PTC) is expired 

MARPS97 Dummy variable of 1 or 0. Value is 1 in and after the year 1997 when 

the Massachusetts RPS is in place. 

TXRPS99 Dummy variable of 1 or 0. Value is 1 in and after the year 1999 when 

the Texas RPS is in place 

MADereg98 Dummy variable of 1 or 0. Value is 1 in and after the year 1998 when 

Massachusetts implemented electric deregulation, including retail 

competition. 

TXDereg02 Dummy variable of 1 or 0. Value is 1 in and after the year 2002 when 

Texas implemented electric deregulation, including retail competition. 

MARPSCumTargetPct Annual cumulative renewable target percentage in Massachusetts, for 

RPS Class I 

TXRPSCumTargetMW Annual cumulative renewable target MWs in Texas. Table 2 presents the 

cumulative MWs by discrete years, and annual cumulative targets are 

linearly estimated on a prorated basis during the target years for 

analysis. 

MAPOP1000 
Resident Population in Massachusetts, Thousands of Persons, Annual, 

Not Seasonally Adjusted 

TXPOP1000 
Resident Population in Texas, Thousands of Persons, Annual, Not 

Seasonally Adjusted 

FLGDPmln$ 
Gross domestic product (GDP) in Florida: All industry total (Millions of 

current dollars) 

MAGDPmln$ 
Gross domestic product (GDP) in Massachusetts: All industry total 

(Millions of current dollars) 

TXGDPmln$ 
Gross domestic product (GDP) in Texas: All industry total (Millions of 

current dollars) 

FLPIperCap$ Per Capita Personal Income (U$) in Florida 

MAPIperCap$ Per Capita Personal Income (U$) in Massachusetts 

TXPIperCap$ Per Capita Personal Income (U$) in Texas 

Annual CPI 

Data for December each year, Consumer Price Index for All Urban 

Consumers: All Items in U.S. City Average, Index 1982-1984=100, 

Monthly, Seasonally Adjusted 

10-YR TB yield% Data for December each year, Treasury Yield 10 Years (^TNX) 

YREndStockDJIA Data for December 1 each year, Dow Jones Industrial Average (^DJI) 
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3.3.2 Research Methodology 

Response (dependent) variables are new RE capacity (MWs) additions in Florida, 

Massachusetts, and Texas: FLREAdd, MAREAdd, and TXREAdd. In order to answer the 

question “What is the impact of U.S. deregulation on renewable energy investments in 

capacity (MW) additions, in Florida, Massachusetts, and Texas?”, the analysis begins 

with behavior over time (BOT) charts of the renewable capacity additions by state, and 

summary statistics of the renewable investments (MW) before and after major federal and 

state’s deregulation events and programs. Then, this study proceeds to use multivariate 

regression techniques with ordinary least squares, with the following steps to select 

significant explanatory variables. 

Factor analysis is first applied, with a factoring method of Maximum Likelihood 

and the Varimax rotation, among continuous variables, to select important explanatory 

(independent) variables from the state’s electric sector, federal and state’s deregulation 

events and programs, and macroeconomic variables listed in the Table 3. Outcome of the 

factor analysis will be several factors, with a factor loading of each variable shown on 

each factor column. One factor will be chosen where the highest factor loading of the 

response variable is observed. All variables under the chosen factor will be selected if the 

absolute value of the factor loading of a variable is equal to or greater than 0.40, as per 

the suggestion of Rahn (2019) (Rahn, 2019). Then, the selected variables will be entered 

for stepwise linear regression.  

As the next step, stepwise linear regression is used to identify significant 

explanatory variables before making a multivariate regression model. Variables selection 

method is the stepwise selection, a combination of forward and backward. A criterion to 

select significant variables is the p-value ≤ 0.1. Selected significant explanatory variables 

will be used to make a multivariate model with ordinary least squares to explain the 

response variable, and the results of parameters estimates will be discussed in terms of a 

significance level.  

As an additional testing experiment, the results of the two states, or regulated 

Florida and deregulated state Massachusetts, will be applied to make regression models 

for their neighboring states, Alabama and Connecticut, and their results will be compared 

with those of the two states. 
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3.4 Analysis Results and Discussion 

3.4.1 Behavior over Time (BOT) Charts 

Figures 10 to 12 present annual cumulative installed capacity of wind and solar in 

the three states, along with annual RE additions and their RE capacity percentages of 

total capacity.  

Florida has recorded renewable capacity additions since 2009, and its cumulative 

portion was very minimal (0.1%) throughout 2015 and moved up to 2.44% in 2018 

(Figure 10). Massachusetts has seen the renewable additions since 2007, and its 

cumulative portion has been increasing from very minimal 0.1% in 2010 to 6.47% in 

2018 (Figure 11). The state has a mandate of RPS that increased to 13% in 2018.  

 

 
 

Figure 10. Florida – Cumulative Renewable Capacity, Annual Renewable Additions 

(LHS), and RE Percent of Total Capacity by Year (RHS) 
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Figure 11. Massachusetts – Cumulative Renewable Capacity, Annual Renewable 

Additions (LHS), Cumulative RPS Target Percent and RE Percent of Total Capacity by 

Year (RHS) 

 

 

 

 

Figure 12. Texas – Cumulative Renewable Capacity, Annual Renewable Additions, 

Cumulative RPS Target MW (LHS), and RE Percent of Total Capacity by Year (RHS) 
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Texas has seen renewable additions since 1999, and its cumulative portion has 

been increasing remarkably from very minimal 0.1% in 1999 to 21.40% with 26,136 MW 

in 2018 (Figure 12). The state’s RPS target by 2025 was 10,000 MW, and the RPS target 

for 2018 was 7,116 MW, inferred on a prorated annual basis given a list of RPS targets in 

Table 2. 

3.4.2 Summary Statistics of Variables 

Given a reference year 1996 of the federal deregulation FERC Order 888, annual 

average RE additions were zero in three states before 1996, while in 1996 and afterwards, 

the average additions varied with state: Florida 61 MW, Massachusetts 36 MW, and 

Texas 1,136 MW, with Texas the most active in renewable additions.  Table 4 presents 

summary statistics for before (0) and after (1) the federal deregulation event of 1996. 

As per the RPS implementation year by state, new additions showed a similar 

trend as in the federal deregulation case. Massachusetts launched the RPS program in 

1997, followed by Texas in 1999. The RE additions were observed at zero in the two 

states before the RPS launch, and the annual average additions varied with state after the 

launch: Massachusetts 38 MW, and Texas 1,305 MW.  Table 5 presents summary 

statistics for before (0) and after (1) the state RPS implementation. 

 

Table 4. Summary Statistics of RE Additions (MW) 

FedDereg88896 Variable N Mean Std Dev Min Max 

0 FLREAdd 6 0 0 0 0 

1 FLREAdd 23 61 192 -58 886 

              

FedDereg88896 Variable N Mean Std Dev Min Max 

0 MAREAdd 6 0 0 0 0 

1 MAREAdd 23 36 58 -1 165 

              

FedDereg88896 Variable N Mean Std Dev Min Max 

0 TXREAdd 6 0 0 0 0 

1 TXREAdd 23 1136 1197 0 3796 
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Table 5. Summary Statistics of RE Additions (MW) 

FLRPS Variable N Mean Std Dev Min Max 

0 FLREAdd 29 48 172 -58 886 

1 not applicable           

              

MARPS97 Variable N Mean Std Dev Min Max 

0 MAREAdd 7 0 0 0 0 

1 MAREAdd 22 38 59 -1 165 

              

TXRPS99 Variable N Mean Std Dev Min Max 

0 TXREAdd 9 4 11 0 34 

1 TXREAdd 20 1305 1196 0 3796 

  

 

3.4.3 Multivariate Regression Model Estimation 

3.4.3.1 Regulated Florida 

Factor Analysis of continuous variables showed that the response variable 

(FLREAddMW) belongs to a Factor with the highest factor loading 0.96 across the 

Factors, but notably, there are no variables in the Factor column that have the loading of 

absolute value of 0.40 or greater (Table 6). Under this circumstance, all the variables 

were entered with dummy variables, or federal deregulation and incentive events, to run 

stepwise linear regression with a criterion of a p-value of 0.1.  

 

Table 6. Florida RE Additions - Factor Analysis Results 

Variable 

Facto

r 1 

Facto

r 2 

Facto

r 3 

Facto

r 4 

Facto

r 5 

Facto

r 6 

Facto

r 7 

Facto

r 8 

Facto

r 9 

Factor 

10 

Factor 

11 

Annual CPI 0.96 0.18 0.18 0.04 0.05 (0.01) 0.01 (0.03) 0.05 0.00 0.00 

FLGasCap

MW 0.95 0.16 0.18 0.09 0.11 0.03 (0.06) 0.10 (0.00) (0.00) (0.00) 

FLPOP1000 0.95 0.19 0.25 0.07 0.01 0.00 0.00 (0.03) (0.00) 0.04 (0.01) 

FLPIperCap

$ 0.93 0.23 0.26 0.01 0.01 0.00 0.04 (0.03) (0.03) (0.03) (0.01) 

FLGDPmln

$ 0.92 0.24 0.28 0.04 0.01 0.03 0.04 (0.02) (0.03) (0.01) 0.02 

YREndStoc

kDJIA 0.87 0.35 0.10 0.00 (0.17) 0.08 0.29 (0.00) (0.00) (0.00) 0.00 

FLAvgPrice

KWh 0.85 0.04 0.28 (0.02) 0.44 0.01 (0.04) 0.00 0.00 0.00 0.00 

FLREAddM

W 0.26 0.96 0.04 (0.01) 0.01 (0.00) 0.01 0.00 (0.00) (0.00) 0.00 
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Table 6. Florida RE Additions - Factor Analysis Results Continued 

Variable 

Facto

r 1 

Facto

r 2 

Facto

r 3 

Facto

r 4 

Facto

r 5 

Facto

r 6 

Facto

r 7 

Factor 

8 

Facto

r 9 

Factor 

10 

Facto

r 11 

FLGas$ 

     

0.37  

     

0.04  

     

0.93  

     

0.01  

     

0.04  

    

(0.01) 

     

0.01  

     

0.00  

     

0.00  

       

0.00  

      

(0.00) 

FLGasAdd

MW 

     

0.07  

    

(0.01) 

     

0.01  

     

1.00  

    

(0.00) 

    

(0.01) 

    

(0.00) 

     

0.00  

     

0.00  

       

0.00  

       

0.00  

10-YR TB 

yield% 

    

(0.91) 

    

(0.03) 

    

(0.17) 

    

(0.12) 

     

0.01  

     

0.35  

     

0.05  

     

0.00  

    

(0.00) 

      

(0.00) 

       

0.00  

 

Stepwise linear regression resulted in selecting three variables that meet the 

criterion:  FLAvgPriceKWh, FedDereg88896, and FLGDPmln$. Table 7 presents a 

summary of regression parameter estimates for the regulated state Florida, generated by 

the regression model with ordinary least squares. The model parameters indicate that the 

electric price and federal deregulation event 1996 are significant as well as the GDP 

output at the 5% level. Coefficient estimates of the two variables are negative for the 

electric price and federal deregulation event, while that of state’s GDP is positive. The 

implications are that the electric price and federal deregulation 1996 exerted negative 

effects on the renewable capacity additions in Florida, but the GDP helped increase the 

capacity. 

While the p-values of the three variables may be interpreted in a way that the 

renewable investment in Florida is significantly influenced by them, but given the R-

Square of 0.46, that the overall explanatory power is not strong in this model. 

 

Table 7. Florida Regression Parameter Estimates - RE Additions  

  Estimate Std Error t-ratio p-value 

Florida         

Intercept 168.61 169.28 1 0.329 

FLAvgPriceKWh -88.48 32.43 -2.73 0.0115* 

FedDereg88896[0] 105.49 43.60 2.42 0.0231* 

FLGDPmln$ 0.0011768 0.000276 4.27 0.0002* 

R-Square 0.46       

* Significant at the 5% level.       
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3.4.3.2 Deregulated Massachusetts 

Factor Analysis of continuous variables show that the response variable 

(MAEAddMW) belonged to a Factor with the highest factor loading 0.90 across the 

Factors, and the variables in the Factor were selected when the factor loading of absolute 

value is 0.40 or greater (Table 8).  All variables, except for MAGAS$ and 

MAGasAddMW, were chosen for regression analysis. The selected variables are entered 

with dummy variables, or federal deregulation, incentive events, and the state’s 

deregulation events, to run stepwise linear regression with a criterion of a p-value of 0.1. 

 

Table 8. Massachusetts RE Additions - Factor Analysis Results 

Variable 

Facto

r 1 

Facto

r 2 

Facto

r 3 

Facto

r 4 

Facto

r 5 

Facto

r 6 

Facto

r 7 

Facto

r 8 

Facto

r 9 

Factor 

10 

MARPSCumTa

rget% 0.97 0.08 (0.10) (0.07) 0.13 0.14 0.02 (0.05) (0.04) (0.02) 

YREndStockDJI

A 0.95 0.21 (0.04) (0.03) (0.07) (0.08) (0.05) 0.16 0.02 0.00 

MAGDPmln$ 0.90 0.36 (0.10) (0.18) 0.05 0.03 (0.07) (0.00) 0.03 0.00 

MAREAddMW 0.90 (0.15) (0.06) (0.01) 0.03 (0.02) 0.34 (0.01) (0.01) (0.00) 

MAPOP1000 0.90 0.34 (0.08) (0.23) 0.00 (0.04) (0.05) (0.09) 0.03 0.03 

MAPIperCap$ 0.90 0.37 (0.11) (0.19) 0.05 0.06 (0.07) (0.01) 0.03 (0.01) 

Annual CPI 0.86 0.41 (0.12) (0.22) 0.11 0.04 (0.04) (0.01) 0.08 0.00 

MARPSAnnual

% 0.81 0.29 0.02 (0.27) 0.40 0.05 0.02 (0.01) 0.00 (0.00) 

MAAvgPriceK

Wh 0.79 0.43 (0.22) (0.06) 0.07 0.36 (0.02) (0.01) (0.00) (0.00) 

MAGas$ 0.11 0.98 (0.05) (0.05) 0.01 0.05 (0.01) (0.01) (0.02) 0.00 

MAGasCapMW 0.65 0.70 0.05 (0.23) 0.12 (0.09) (0.08) 0.04 0.11 0.00 

MAGasAddMW (0.10) (0.03) 0.93 0.02 (0.00) (0.01) (0.00) 0.00 (0.00) (0.00) 

10-YR TB 

yield% (0.72) (0.40) 0.11 0.52 (0.10) (0.03) (0.00) (0.00) (0.00) 0.00 

 

After stepwise linear regression, five variables were selected that met the 

criterion:  MARPSCumTarget%, MAPOP1000, MAGDPmln$, Annual CPI, and 

YREndStockDJIA. All the five variables showed a significance level of 5%, with R-

Square of 0.89 as shown in Table 9. 

Table 9 presents a summary of regression parameter estimates for the deregulated 

state Massachusetts, generated by regression model with ordinary least squares. The 

model parameters indicate that the state’s RPS program, state’s macroeconomy 

(population, GDP), and the U.S. macroeconomy (CPI, Down Jones Index) were 
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significant variables, but the federal deregulation or incentives were not. All the 

significant variables have positive coefficients, except for the state GDP, which may be 

reasonably interpreted in that they helped increase the state’s renewable investments, 

while the state’s GDP showed a negative effect on the renewable capacity additions. 

 

Table 9. Massachusetts Regression Parameter Estimates - RE Additions 

  Estimate Std Error t-ratio p-value 

Massachusetts         

Intercept -1524.74 509.49 -2.99 0.0065* 

MARPSCumTarget% 18.00 2.58 6.97 <.0001* 

MAPOP1000 0.25 0.09 2.88 0.0084* 

MAGDPmln$ -0.00192 0.000504 -3.81 0.0009* 

Annual CPI 2.354 1.050736 2.24 0.0351* 

YREndStockDJIA 0.0090039 0.002372 3.8 0.0009* 

R-Square 0.89       

* Significant at the 5% level.       

 

3.4.3.3 Deregulated Texas 

Factor Analysis of continuous variables show that the response variable 

(TXEAddMW) belongs to Factor with the highest factor loading 0.61 across the Factors, 

but all the variables in the Factor have the factor loading of absolute value of 0.40 or 

greater (Table 10), except for TXGAS$ and TXGasAddMW as in Massachusetts.  

 

Table 10. Texas RE Additions - Factor Analysis Results 

Variable 

Fact

or 1 

Fact

or 2 

Fact

or 3 

Fact

or 4 

Fact

or 5 

Fact

or 6 

Fact

or 7 

Fact

or 8 

Fact

or 9 

Facto

r 10 

Facto

r 11 

YREndStockD

JIA 0.95 0.17 0.03 0.14 (0.08) 0.06 (0.02) 0.12 (0.02) 0.01 (0.00) 

TXRPSCumTa

rgetMW 0.95 0.16 (0.09) 0.19 0.15 (0.01) 0.03 (0.08) (0.04) 0.04 (0.00) 

TXGDPmln$ 0.91 0.33 (0.12) 0.18 0.13 (0.04) (0.00) (0.05) 0.02 (0.02) 0.01 

TXPOP1000 0.90 0.34 (0.07) 0.17 0.17 (0.04) 0.07 (0.01) 0.04 (0.00) (0.01) 

TXPIperCap$ 
     

0.90  

     

0.34  

    

(0.08) 

     

0.19  

     

0.15  

    

(0.07) 

    

(0.01) 

    

(0.02) 

     

0.03  

      

(0.02) 

       

0.02  

Annual CPI 
     

0.89  

     

0.37  

    

(0.11) 

     

0.14  

     

0.17  

    

(0.06) 

     

0.06  

     

0.01  

     

0.05  

      

(0.02) 

      

(0.01) 

TXRPSAnnual

MW 
     

0.72  

     

0.30  

    

(0.17) 

     

0.09  

     

0.57  

    

(0.04) 

     

0.01  

    

(0.01) 

     

0.00  

      

(0.00) 

       

0.00  

TXGas$ 
     

0.16  

     

0.97  

    

(0.05) 

     

0.08  

     

0.03  

    

(0.01) 

    

(0.06) 

     

0.01  

    

(0.03) 

      

(0.00) 

      

(0.00) 

TXAvgPriceK

Wh 0.44 0.80 (0.27) 0.19 0.19 (0.01) 0.02 (0.03) 0.09 (0.00) 0.00 
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Table 10. Texas RE Additions - Factor Analysis Results Continued 

Variable 

Facto

r 1 

Facto

r 2 

Facto

r 3 

Facto

r 4 

Facto

r 5 

Facto

r 6 

Facto

r 7 

Facto

r 8 

Facto

r 9 

Factor 

10 

Factor 

11 

TXGasCap

MW 0.61 0.73 0.10 0.06 0.10 (0.09) 0.23 (0.01) 0.00 0.00 (0.00) 

TXGasAdd

MW (0.06) (0.08) 0.98 (0.08) (0.04) 0.00 0.00 0.00 (0.00) 0.00 (0.00) 

TXREAdd

MW 0.61 0.24 (0.19) 0.69 0.06 (0.03) 0.01 (0.00) 0.00 (0.00) (0.00) 

10-YR TB 

yield% (0.77) (0.38) 0.00 (0.15) (0.29) 0.34 (0.03) 0.00 (0.00) 0.00 (0.00) 

 

The selected variables are entered with dummy variables, or federal deregulation, 

incentive events, and the state’s deregulation events, to run stepwise linear regression 

with a criterion of a p-value of 0.1. The regression selected nine variables that meet the 

criterion: TXAvgPriceKWh, PTCExpYR, TXDereg02, TXRPSCumTargetMW, 

TXRPSAnnualMW, TXGasCapMW, TXPOP1000, TXPIperCap$, and Annual CPI.  

All the nine variables showed a significance level of 5% or 10%, with R-Square of 

87%, as shown in Table 11. The summary of regression parameter estimates show that the 

variables with positive effects include the electric price, the federal incentive event, the 

state’s deregulation, and the state’s macroeconomy (population, personal income), while 

the variables with negative effects are the state’s RPS program, the competing gas 

generation capacity, and the U.S. CPI.   

 

Table 11. Texas Regression Parameter Estimates - RE Additions 

  Estimate Std Error t-ratio p-value 

Texas         

Intercept -11413.68 5569.23 -2.05 0.0545** 

TXAvgPriceKWh 622.79 166.40 3.74 0.0014* 

PTCExpYR[0] -266.33 136.25 -1.95 0.0655** 

TXDereg02[0] -790.322 423.7435 -1.87 0.0777** 

TXRPSCumTargetMW -0.750 0.420734 -1.78 0.0908** 

TXRPSAnnualMW -2.279 1.137728 -2 0.0596** 

TXGasCapMW -0.154 0.045597 -3.37 0.0032* 

TXPOP1000 2.591 0.711024 3.64 0.0017* 

TXPIperCap$ 0.215 0.122601 1.75 0.0963** 

Annual CPI -240.227 56.44703 -4.26 0.0004* 

R-Square 0.873       

* Significant at the 5% level; ** significant at the 10% level.     
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3.4.3.4 Application to Regulated Alabama and Deregulated Connecticut 

For testing with the results of significant explanatory variables from the selected 

regulated and deregulated states in this study, two neighboring states are selected: 

Alabama, a regulated one next to Florida, and Connecticut, a deregulated one next to 

Massachusetts. Table 12 shows a summary of regression parameter estimates of the two 

states.  

When the three significant variables of Florida, including the state’s electric price, 

federal deregulation event, and the state’s GDP, are used to build a regression model to 

explain annual renewable capacity additions in Alabama, none of them are found to be 

significant at the 10% level, with a low R-Square of 21%. This result may imply that the 

two regulated states in this study are not significantly explained by the electric price or 

federal deregulation efforts, due to their own regulations set by the state public 

commissions. In Alabama, the state’s renewable capacity additions were not observed 

until 2016 with 75MW. 

For testing Connecticut case, the same five significant variables in Massachusetts 

are used: RPS targets, the state’s macroeconomy (population, GDP), and the U.S. 

macroeconomy (CPI, Down Jones Index). In the multivariate regression, only one of the 

five significant variables for Massachusetts was significant for the renewable capacity 

additions in the state:  CTCumRPSTarget%. With the renewable capacity additions 

starting in 2013, Connecticut has been more influenced by the state’s RPS program than 

federal deregulation efforts, which was also shown in the Massachusetts analysis. 

 

Table 12. Alabama and Connecticut Regression Parameter Estimates - RE Additions 

 Alabama Estimate Std Error t-ratio p-value 

Intercept -34.27 18.92 -1.81 0.0821** 

ALAvgPriceKWh 0.48 8.54 0.06 0.956 

FedDereg88896[0] 7.38 9.29 0.79 0.435 

ALGDPmln$ 0.00 0.00 0.73 0.473 

R-Square 0.21       

* Significant at the 5% level; ** significant at the 10% level 
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Table 12. Alabama and Connecticut Regression Parameter Estimates - RE Additions 

Continued 

 Connecticut Estimate Std Error t-ratio p-value 

Intercept 108.13 130.27 0.83 0.415 

CTCumRPSTarget% 1.71 0.81 2.11 0.0463* 

CTPOP1000 -0.02 0.04 -0.45 0.654 

CTGDPmln$ 0.000 0.000237 0.66 0.515 

Annual CPI -0.434 0.464517 -0.94 0.359 

YREndStockDJIA 0.001 0.000741 1.49 0.150 

R-Square 0.531       

* Significant at the 5% level; ** significant at the 10% level.     

 

3.5 Conclusions and Policy Implications 

This study investigated what is the impact of the U.S. electric deregulation, FERC 

Order 888 and federal tax incentives (PTC) at the federal level on renewable investments, 

in the form of the renewable capacity additions, in the three states. Besides, other 

explanatory variables included the state’s deregulation, such as mandated-renewable 

portfolio standard (RPS), state’s deregulation, and U.S. macroeconomic variables. 

Stepwise multivariate regression was used with the explanatory variables, filtered by 

factor analysis to group the variables of similar underlying structure, and estimated how 

significant the deregulation policies and market variables are statistically in explaining 

RE investment in capacity additions in the regulated or deregulated states. Also, two 

states, regulated Alabama and deregulated Connecticut, are chosen to test the findings of 

significant variables from the regression output for regulated Florida and deregulated 

Massachusetts.  

The results show that the statistically significant variables vary by state, due to the 

state’s own policies and their acceptance levels of the federal electric deregulation. 

Regulated Florida has added renewable capacity since 2009, but at a minimal 

growth, and achieved the renewable energy portion at 2.44% of total generating capacity 

in 2018. The Regression analysis shows that Florida has three significant variables 

(electric price, federal deregulation event, GDP) to better understand the renewable 

capacity additions, but with a R-Square of 0.46 from the model. It is notable that the 

electric price and federal deregulation events have negative impacts on the state’s 

renewable investment, while its macroeconomic variable GDP has a positive impact. 
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Deregulated Massachusetts reached its renewable portion at 6.47% of the state’s 

total generating capacity in 2018, mainly due to its RPS program. Stepwise regression 

model shows a R-Square of 0.89, with the significant variables of the state variables, such 

as the RPS program and state’s macroeconomy (population, GDP), and the U.S. 

macroeconomic variables (CPI, Stock market), but the federal deregulation or incentives 

are not significant at the 10% level.  

Deregulated Texas is the most active and successful state in achieving a high 

portion of renewable capacity 25,136 MW, or 21.4% of its total capacity, in 2018. The 

renewable investments in capacity additions were affected by significant variables of 

electric market price, federal incentive event, state’s deregulation and macroeconomic 

variables (population, personal income).   

When applying the findings to the regulated state of Alabama with the significant 

variables of Florida, the results show that Alabama was not affected by any of those 

variables: the electric price, federal deregulation, or the GDP. Testing results for 

deregulated Connecticut, with the significant variables of Massachusetts, show that 

Connecticut was affected by its RPS program alone, compared to Massachusetts that had 

the significant variables of the state and the U.S. macroeconomic variables, as well as the 

state’s RPS program.   

In summary, while the level of renewable energy investments in regulated Florida 

capacity additions has negatively been influenced by the state’s electric price, or federal 

deregulation, those in deregulated Massachusetts and Texas have been positively 

influenced by the state’s electric price, the RPS programs, and the macroeconomic 

variables. Besides the RPS program, the federal incentive and the state’s deregulation 

showed statistical significance in explaining the RE capacity additions in Texas only, but 

Massachusetts have not shown any significant influence from the federal deregulation 

events.  

Federal policymakers should be aware that the electric deregulation policies, 

including federal electric deregulation and federal incentives, provided supporting 

foundation to promote renewable investments, but their impacts are not significant as the 

state’s retail electricity prices or state-level policies. 
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Renewable energy investors have entered the markets where the electricity prices 

are more attractive and mandatory state’s RPS programs are in place to encourage the 

supply of renewable energy sources. Florida, as a regulated state, is quite different from 

the two deregulated states in this study in that its renewable investments, absent a state’s 

RPS program, were negatively affected by its electric price or the federal policies, but 

positively by the state’s GDP. In this respect, the investors may prefer the deregulated 

markets of Massachusetts and Texas over a regulated market of Florida. Energy 

engineers and management need to be aware in decision making processes that there are 

additional costs of building transmission lines and curtailment issues associated with 

renewable investments in remote areas, as seen in Texas electric markets. 

Recent price volatility of crude oil, a major fossil fuel, may provide significant 

implications to market participants that renewable energy investments are relatively 

stable in absence of its fuel requirements. The extreme uncertainty of the fossil fuel price 

was evident in that West Texas Intermediate (WIT) crude oil futures price, spiked due to 

supply concerns in August 2008 to unprecedented U$150 per barrel (Jang & Beruvides, 

2020), recently plummeted to a negative price of U$38 for May 2020 delivery on April 

20, 2020,  due to considerably reduced demand caused by the COVID-19 pandemic. The 

volatile price recorded a range of U$190 per barrel between the two historic price levels.  

Among the three states in this study, electric consumers in deregulated states of 

Massachusetts and Texas have seen more renewable investments than the regulated state 

of Florida and benefitted from the cleaner energy sources. In another perspective, it 

would be a good topic for further research whether the consumers experienced favorable 

lower prices in their own states, due to the electric deregulation and renewable 

investments.  
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CHAPTER 4 

COMPARATIVE STUDY OF THE IMPACTS OF U.S. ELECTRIC 

DEREGULATION ON RETAIL ELECTRICITY PRICES IN 

FLORIDA, MASSACHUSETTS, AND TEXAS 
 

4.1 Introduction 

U.S. electric industry is a U$220 billion industry, the last government-sanctioned 

monopoly, which was open to competition where customers have the power to choose in 

the same manner as telephone customers do (Center for Responsive Politics, 2019). 

Advocates of the deregulation claimed that reducing government control would benefit 

customers with lower prices and more services. With 18 states enacting the electric 

deregulation as of 2018 (ElectricChoice.com, 2019), the results of the deregulation are 

arguably mixed. 

Electricity price is composed of the costs to build, finance, and operate and 

maintain a power plant, together with the cost of building electricity transmission grids. 

Factors that affect electricity prices include fuels, O&M cost of power plants, 

transmission/distribution system, weather (rain for hydro, wind for wind power, extreme 

weather for cooling demand), regulations such as cap and trade and renewable portfolio 

standard (RPS), full regulations of generation and transmission, and a combination of the 

regulations, that is, unregulated generation and regulated transmission (EIA, 2019). 

Electricity prices are usually the highest in summer, because the most expensive 

generating resources are utilized to meet cooling demand during hot weather. 

Electric deregulation in U.S. electric sector encouraged market players to be 

competitive in prices, resulting in 23 mergers and consolidations in the period of 1997 to 

2000, while it also reduced the number of employees in the industry, but real weekly 

earnings for the sector did not decrease. The deregulation has also changed the labor 

market that would affect electricity prices. Unionization rate declined in the electric 

sector to 30% in 2001, down from 47% in 1973, and this observation was consistent with 

those in previously deregulated industries, such as trucking, railroad, airlines, and 

telecom (Niederjohn, 2003). 
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Merger and consolidations were expected to produce higher efficiency and 

leverage, increased market share, innovative access to additional fuels, other capacity 

advancement, and bundled product offerings of generation, transmission and distribution 

(Gottfried, 1997). Gottfried (1997) noted that electric rate impacts would be lower prices 

by 25% but take up to 10 years after the breakup deregulation, as seen in other industries, 

such as telecom, natural gas, banking, airlines, and trucking. 

Emerging renewable energy (RE) sources are positively correlated to the 

government policies of electric deregulation and fuel cost of competing technology. 

Higher natural gas prices usually resulted in more coal and RE technologies in electric 

sector (Csereklyei & Stern, 2018).  

In 1998, California was one of the first states to enact the electric restructuring 

plan. Criticism of deregulation intensified in summer 2000 in the state, when, with 

limited power supply and increased demand, the wholesale electricity prices soared, and 

San Diego residents had to face electric bills at double the norm (Center for Responsive 

Politics, 2019). The state problem was worsened in 2000/2001 winter, when the 

California utilities had to face financial crisis and consumers met electric shortages with 

skyrocketing prices. In Texas, one impact of electric deregulation was that 86% of 

customers switched between competitive supplier/plans and existing suppliers between 

2002 and 2009, which suggested the market kept electric prices competitive (Williams, 

2018). 

Electricity prices vary by customer class. Residential customers are highest due to 

the higher cost involved to distribute to this customer class, while Industrial customers 

are lower due to the larger quantity at higher voltage and more efficiency of delivery 

which is usually closer to the wholesale price (EIA, 2019). For example, the U.S. average 

retail electric price in 2018 was U$105.80 per MWh (U$10.58 cents/KWh), with 

Residential at U$128.90 per MWh (U$12.89 cents/KWh), Commercial at U$106.60 per 

MWh (U$10.66 cents/KWh), and Industrial at U$69.30 per MWh (U$6.93 cents/KWh). 

This study will use U$ per MWh or U$ cents/KWh interchangeably. Price variations are 

also observed by locality, based on the availability of power plants and fuels, and price 

regulations, with Hawaii the highest average price at U$292.20 per MWh and Louisiana 
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the lowest U$76.50 per MWh in 2018. Average prices per MWh for Florida, 

Massachusetts and Texas in 2018 were U$104.30, U$ 183.00, and U$86.70, respectively, 

with national ranks of 20th, 4th, and 43rd in terms of pricing (U.S. Chamber of Commerce, 

2019).  

Table 13 and Figure 13 summarize both simple and weighted average electric 

rates for Residential customers between deregulated states and regulated states during 

1997-2017 (Zummo, 2018). As shown in Table 13, the differences of simple average 

rates between the two years 1997 and 2017 are about the same at U$45/MWh for two 

types of states, regulated and deregulated. However, when it comes to the weighted 

average rates, as shown in Figure 13, deregulated states showed a higher rate in 1997 by 

U$23/MWh than that of regulated states, and in 2017, the weighted average rate was 

U$22/MWh higher. The price differences in the weighted average rates may indicate that 

Residential customer in deregulated states pay higher rates than in regulated states.  

 

 

Table 13. Residential Revenue per KWh for Deregulated vs. Regulated States  

Year Deregulated States Regulated States All States Combined 

  (in cents per KWh) 

1997 10.1 7.2 8.4 

1998 9.7 7.2 8.3 

1999 9.5 7.2 8.2 

2000 9.6 7.3 8.2 

2001 10.1 7.5 8.6 

2002 9.8 7.5 8.4 

2003 10.1 7.7 8.7 

2004 10.3 8 8.9 

2005 11 8.3 9.4 

2006 12.4 9 10.4 

2007 12.8 9.2 10.7 

2008 13.4 9.8 11.3 

2009 13.6 10.1 11.5 

2010 13.6 10.1 11.5 
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Table 13. Residential Revenue per KWh for Deregulated vs. Regulated States Continued 

Year Deregulated States Regulated States All States Combined 

2011 13.4 10.5 11.7 

2012 13.4 10.8 11.9 

2013 13.8 10.9 12.1 

2014 14.3 11.3 12.5 

2015 14.5 11.3 12.7 

2016 14.3 11.3 12.5 

2017 14.6 11.7 12.9 

  Difference in cents per KWh 

1997-2017 4.5 4.5 4.5 

 

 

 

Figure 13. Average Electricity Rates, Deregulated vs. Regulated States, 1997-2017 

 

U.S. electric deregulation was designed to address four activities: generation, long 

transmission and distribution, retailing, and procurement of power purchase agreements 

(PPA) and billing (Borenstein & Bushnell, 2014). An essential backbone of the electricity 

market restructuring is allowing all generators to have equal and open access to 

transmission, where transmission utilities are not able to exercise any monopoly power 

for delivery of electricity. Retail restructuring promoted customer choices for retail 
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energy providers (REP) under new market competition, but an issue associated with the 

new paradigm was that the retail energy providers are not responsible for systems 

reliability, particularly, related to generation and transmission. 

The state and national implications of the U.S. federal electricity deregulation 

EPAct of 1992 would involve the issues of stranded costs, electricity rates, and the 

country’s fuel portfolio (Gottfried, 1997). Utilities’ reactions would include increased 

merger and acquisitions (M&A), to improve efficiency and leverage, gain more market 

share and innovative access to additional fuel and capitals, and the emergence of bundled 

products, cell phones and cables in future. Fuel reshuffling would lead utilities to seek for 

competitive fuel costs, and small gas-fired power plants, while on environmental front, 

renewable energy sources would provide long-term benefits, less dependence on foreign 

oil, and no/little waste pollution, steady energy supply, and local job opportunities.  

This research investigates the impacts of federal and state-level deregulation on 

retail electric prices among three states, Florida, Massachusetts, and Texas, with varying 

degrees of levels of electric deregulation. Florida has maintained a regulated electric 

market, without any retail competition in place, while Massachusetts and Texas 

deregulated their electric markets, in 1998 and 2002, respectively, and opened the 

industry to retail competition. 

The U.S. electric deregulation aimed to lower retail electric prices for customers, 

by creating marketplace where there is no monopoly, and all retail energy providers have 

equal footing to supply at the most competitive prices. Value propositions and 

implementation progress suggested by the deregulation may vary with state levels, 

depending on their levels of restructuring progress and geographical locations. 

In this respect, the research question is, What is the impact of the U.S. electric 

deregulation on retail electricity prices, in three states of Florida, Massachusetts, and 

Texas that had gone through different pathways in the deregulation processes? This 

would be a comparative analysis of reactions and interactions associated with the changes 

implemented in the deregulation at both federal and state levels. 

The purpose of this study has two folds: understand history and objectives of 

electric deregulation and restructuring in the U.S., and how new deregulation policies 
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have been implemented on a state level, as well as examine the performance in terms of 

changes in retail electric prices, using empirical data from the three states. The 

comparative analysis of retail energy prices and the deregulation, along with economic 

variables, will help evaluate the statistical significance of the deregulation and 

restructuring efforts in deregulated states, Massachusetts and Texas, as well as in a 

regulated state, Florida. 

4.2 Literature Review 

4.2.1 U.S. Electricity Market Systems: ISO and RTO 

Inter-state electricity markets were regulated by the Federal Power Act (FPA) of 

1935, followed by the Federal Power Commission (FPC) of 1975, and the Federal Energy 

Regulatory Commission (FERC). Full open access of transmission lines, mandated by 

FERC Order 888 of 1996, encouraged the creation of Independent System Operator 

(ISO) and further Regional Transmission Organization (RTO). ISOs and RTOs operate 

electric grids in real time, design and administer the markets that get the wholesale 

electricity prices, as well as plan for the future expansion to the grids and markets. 

The ISOs/RTOs perform four distinct functions to ensure: reliable power system 

operation to protect grid from failures, generation resources to supply loads, match 

supply with demand with economic dispatch of generation resources, and maintain 

transmission system reliability (ISO New England Inc., 2018). 

Florida belongs to the Southeast electricity market, a bilateral market system, 

along with   the states of Georgia, Alabama, Mississippi, North Carolina, South Carolina, 

Missouri, and Tennessee. The Southeast electricity market includes: the Florida 

Reliability Coordinating Council (FRCC) and the Southeastern Electric Reliability 

Council (SERC). As the market is not deregulated, the utilities are still vertically 

integrated and all the physical transactions are executed bilaterally. Figure 14 presents a 

map of SERC and FRCC (FERC, 2016).  

 



Texas Tech University, Peter Yungkil Jang, August 2020 

57 
 

 

Figure 14. The U.S. Southeast Electricity Markets including FRCC and SERC 

  

 

The FRCC relies primarily on natural gas, while the rest of the Southeast has 

historically utilized coal and nuclear plants. However, natural gas electricity in the region 

has continued to gain an increasing share of the fuel usage as it has been more economic 

in recent years for generation.   

New England Independent System Operator (ISO-NE) was created in 1997 as a 

non-profit organization, later approved by FERC in 2005 as an RTO for New England. It 

had annual budget of U$147 million and 600 staff in 2015 (Conservation Law 

Foundation, 2015). Other subsequent ISOs include New York ISO (NYISO), California 

ISO (CAISO), Midwest ISO (MISO), and Pennsylvania-New Jersey-Maryland (PJM) 

Interconnection LLC. Three-fourths of the U.S. land does not have ISOs, particularly, in 

the South and Mountain regions, where investor owned utilities (IOUs) are in charge of 

planning and maintaining the electric grid systems. Figure 15 presents a map of ISOs and 

RTOs in the U.S. and Canada (FERC, 2016). 
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Figure 15. ISOs and RTOs in the U.S. and Canada 

 

Texas utilities created Texas Interconnection System (TIS) in 1941, and formed 

the Electricity Reliability Council of Texas (ERCOT) in 1970 to comply with the 

National Electricity Reliability Corporation (NERC) (Hunter, 2012). In 1996, ERCOT 

became the first ISO in the U.S., created under a state law not by FERC, to ensure 

impartial, independent party organization to oversee equal access to power grid in Texas, 

with deregulation efforts under way in the EPAct of 1992, and the Texas wholesale 

deregulation of 1995. Other roles of ERCOT are maintaining system reliability and 

facilitating competitive wholesale market and competitive retail market.  

4.2.2 Wholesale Electricity Market and Retail Electricity Market 

Wholesale electricity is what generators and power marketers sell to distribution 

utilities or competitive retail suppliers through contracts or in power exchanges, while 

retail electricity is what end-users purchase from competitive retail suppliers or its 

distribution utilities (ISO New England Inc., 2018).  In ISO New England (ISO-NE), load 

serving entities (LSE) usually have bilateral contracts to serve 65% of their customer 

loads, and purchase the balance electricity at day-ahead market for 30%, and at real-time 

market for 5% (Conservation Law Foundation, 2015). The wholesale electricity market in 

ISO-NE has three product components, such as energy, capacity, and ancillary regulation 
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services. In terms of monetary value for each of the cost component, total wholesale 

energy cost was U$21.1 billion or U$98 per MWh in 2018, with energy cost accounting 

for 50%, capacity for 48%, and others 2% (ISO New England Inc. Internal Market 

Monitor, 2019). 

Wholesale energy market comprises two energy markets: day-ahead market 

(DAM) and real-time market (RTM). The Day-Ahead Energy Market produces 

financially binding schedules for sales and purchases for the next day, where market 

participants may hedge against energy price fluctuations in real time. The Real-Time 

Energy Market balances the dispatch of generators to meet the variable real-time demand 

for electricity. This market also settles the differences between the day-ahead schedule 

and the actual supply and demand. Participants are either charged or credited to reflect 

the real-time price for the amount of supply or demand which is different from their 

committed schedule in the day-ahead market. 

There are two essential mechanisms in the wholesale energy market: economic 

dispatch and unit clearing price (ISO New England, n.d.). Every five minutes, the least 

expensive resources are chosen among available generation resources, generators and 

demand response, to meet demand based on economic merit order. Electricity supply 

offers are stacked, also known as a bid stack, compared to the demand for electricity. 

Marginal generating resource is the one to satisfy the next increment of energy needed, 

and becomes a price setter, with the uniform clearing price being paid to all the 

generators who offered prices below the clearing price. 

In retail markets, composition of end customers varies with state in terms of retail 

sales in MWhs. Florida has Residential, Commercial and Industrial customers account for 

52%, 41% and 7% of total MWhs sold in 2017, while Massachusetts has Residential 

37%, Commercial 49%, Industrial 13%, and Texas Residential 36%, Commercial 34%, 

Industrial 30%, compared to the U.S. 37%, 36% and 26% respectively (EIA, 2019). 

The U.S. electricity market is so large that different regime dynamics exist in 

electricity prices between West and East portions of the nation (Dias & Ramos, 2014). 

Transition to a competitive market framework has brought new dynamics to the 

wholesale electricity prices and volatility. Regime switching model (RSM), by analysis 
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of historical prices from January 6, 1999 to June 30, 2010, revealed that the two regions 

had four regimes of base, spike, mean-reverting, and extremely high volatility. The West 

region has gone through extremely high volatility regime which was also frequent in the 

East region, while both West and East tended to have mean-reverting and highest 

volatility regimes. 

4.2.3 Pricing Factors in the U.S. Wholesale Electricity Market  

In deregulated electric markets, natural gas prices largely determine electric 

prices, with fuel cost accounting for 80% of all variable cost in natural gas-fired 

generators (Csereklyei & Stern, 2018). 

4.2.3.1 Energy-only Market 

Electricity price is determined in a way that a system is built to analyze a bid 

stack or supply stack of the least to highest cost of production, and a marginal unit to 

supply to meet the next demand determines the clearing price. Every generator is paid the 

same clearing price for a specific hour (Conservation Law Foundation, 2015).   

Texas and Florida have energy only markets, different from other markets, such 

as California, New York, New England, or PJM (Pennsylvania-New Jersey-Maryland), 

that also have forward capacity markets (FCM). Texas’s deregulated energy only market 

is overseen by ERCOT, not FERC (CPower Energy Management, 2019). Absence of 

FCM is a signature of the Texas’s electric design feature, with an energy price ceiling of 

U$ 9,000/MWh to meet peak demand. ERCOT has the target reserve margin of 13.75%, 

versus the PJM target of 15.8%.  

In the summer 2018, Texas faced a record heat wave with record-setting peak 

demand but managed to maintain the system reliability with demand side management. 

The summer 2018 saw a reserve margin of 10.9% on July 19, 2018 with a peak demand 

of 73,259 MW, below a set reserve margin of 13.75%, compared to the overall 15% 

target of nationwide NERC. Price-wise, a hourly day-ahead price went up to U$2,100 per 

MWh, and a 15-minute real-time price to U$2,200 per MWh, according to S&P Global 

Market Intelligence (EIA, 2018). 
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4.2.3.2 Energy Market and Capacity Market 

Capacity means an ability to generate power at a specific time, and once energy is 

generated, the electron is running through transmission lines. Electricity resources 

eligible for the capacity product in New England include generators, renewable energy, 

and energy efficiency (Conservation Law Foundation, 2015). New England ISO (ISO-

NE), where Massachusetts is associated, has the separate distinct capacity products 

available, besides energy, providing additional revenues sources to electricity generators. 

There are a 3-year forward capacity market (FCM), with its auction held for a 1-year 

period three years in advance of a delivery. Once a generated is cleared in the auction, it 

has capacity supply obligation (CSO) when called on to generate during the time period it 

cleared in the auction. PJM also procures the FCM three years in advance of delivery 

day, and ratepayers pay for the FCM besides energy price (CPower Energy Management, 

2019). APPENDIX C presents a summary of FCM prices cleared in annual auction in 

New England (ISO New England, 2019).  

4.2.4 Retail Prices in U.S. Electricity Market 

One of major motives of electric deregulation is to introduce competitive market 

and lower retail prices for end-users. Since the electric deregulation in 1998, California’s 

modeled grid marginal cost, driven by natural gas unit, was found to be less than the 

actual wholesale energy price over the period of 1998 to 2013 (Razeghi, Shaffer, & 

Samuelsen, 2017). 

Utilities make a fuel decision based on price changes of the fuel for their 

generating assets. A study shows that utilities, as a holding company, used less of a 

specific fuel when the fuel price increased, utilizing fuel substitution effects within their 

generating plants, but on a plant level, consumption of natural gas decreased when 

natural gas price increased, and the consumption increased when price of coal increased 

(Matisoff, Noonan, & Cui, 2014). This finding may be translated such that with price of 

coal greater than that of natural gas electricity fuel markets signal to invest in plant 

technology and procure fuel suppliers.  

According to DOE and EIA data, Florida average retail price was U$104/MWh in 

2017, an increase of U$32/MWh from U$72/MWh in 1997, while Massachusetts saw 
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U$161/MWh in 2017, up U$57/MWh from U$104/MWh in 1997 and Texas was 

U$86/MWh in 2017, up U$24/MWh from U$62/MWh in 1997 to (Zummo, 2018).  

Figure 16 presents the U.S. average electricity retail prices (US cents/KWh) by 

state in 2018, in descending order of price magnitude (U.S. Chamber of Commerce, 

2019). The most expensive states were Hawaii (US 29.22 cents per KWh), followed by 

Alaska (19.64), Connecticut (18.46), Massachusetts (18.3), and Rhode Island (18.05), 

while the least expensive states were Wyoming, Oklahoma, Washington, Arkansas, and 

Louisiana, with rates about US 8 cents/KWh or below.  

 

Figure 16. 2018 U.S. Average Electricity Retail Prices (U$ cents/KWh) 

 

Renewable energy generators are usually price takers, like nuclear generators, in 

wholesale electricity markets, because it is not possible to turn on and off the generators 

in a short time. Wholesale energy price is lowered due to the renewable energy 

generators who usually submit offer price at zero or sometimes negative price to ensure 

the generators are called to dispatch its output (Conservation Law Foundation, 2015).  

The maximum negative price allowed by ISO-NE was -U$150 per MWh in 2014, and 
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this policy change is expected to contribute to more cost savings for customers, which is 

called the price-suppression effect of renewable energy. 

4.2.5 Uncertainty Issues around Retail Prices in Florida, Massachusetts, and 

Texas  

Dimensions of electric deregulation issues arose from the fact that electric 

industry was a natural monopoly market where the electric business is very large scale 

and capital intensive, and where it was unimaginable to compete against such vertically 

integrated utilities with assets of generation, transmission, and distribution (Office of 

Economic and Demographic Research, 1998). With electric deregulation in place, 

generation sector would not be a natural monopoly anymore, and was expected to lower 

cost by technology advance and fuel efficiency. In fact, deregulation is limited to the 

generation aspect of electric industry, while transmission and distribution sector would 

continue to be a natural monopoly. Lawmakers hoped that deregulation would create a 

competitive marketplace and lower electric prices, by customer choice of retail energy 

providers, who in turn would make best efforts to reduce costs and win more customers. 

Efficiency of competition would lower the prices, and then lower the tax base. 

Florida collects 2.5% tax for public school education on gross revenue of electricity, gas, 

telecommunication, cogeneration, and transportation, and was concerned about the 

reduction in the tax to be collected. However, Office of Economic and Demographic 

Research (1998) found that the financial consequences would be minimal related to the 

electric competition and deregulation.   

Electric deregulation in Texas went through two phases: deregulation of 

wholesale power in 1995 and then retail power in 1999 (Baddour, 2016). After the 

deregulation, Houston Lighting & Power (HLP), for example, was unbundled into Reliant 

Energy (retail), Centerpoint Energy (transmission) and Texas GenCo (later NRG 

Energy). Only transmission owners remained regulated because cities cannot have 

multiple private companies laying out power lines wherever they want. Also, to prevent 

predatory pricing from the former monopolies, the “price to beat” is established through 

2007 as a price floor, where new entrants may set their prices below the reference price. 

Meanwhile, municipal owned utilities and electric cooperatives could have options to join 
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the deregulation at will, and Austin and San Antonio decided not to opt in, still staying as 

public electric providers.  

 In Massachusetts, Attorney General noted that retail energy suppliers, under 

retail competition environment, used allegedly deceptive aggressive sales tactics, 500,000 

residents in the competitive supplier markets paid U$176 million more than when they 

stayed with the service of existing utilities (Dumcius, 2018).   

According to a study that examined the historical impact of Texas electric 

deregulation on prices that the state customers paid before and after the deregulation 

(Texas Coalition for Affordable Power, 2018), retail customers paid 6.4% below the U.S. 

average retail price ten years before the deregulation of 2002, but they paid 8.5% above 

the U.S. average ten years after the deregulation. Lower electricity price since 2008 is 

due to lower natural gas price. If they paid the national average price, cost savings would 

amount to U$ 25 billion during 2002-2014. Deregulation-related costs include stranded 

cost of U$ 7 billion to customers’ bills payable to generators, and Texas is a leader in 

gains in renewable energy, particularly, wind, but this caused new reliability issues 

implying additional cost of building transmission in the west Texas linking the energy to 

customer load markets. 

4.3 Data Collection and Research Methodology 

4.3.1 Data Collection  

Annual average prices of electricity and Citygate natural gas prices for each state 

are collected from EIA Form (EIA-861) and the U.S. Chamber of Commerce for a period 

of 1990 to 2018 (EIA, 2019; U.S. Chamber of Commerce, 2019). The average electric 

prices for analysis are for a category ‘Total’, representing the weighted average price of 

all categories in each state: Residential, Industrial, Commercial, and Transportation. 

Annual data for gas generation capacity (MW) in each state are also sourced from EIA.   

Annual renewable energy (RE) investments refer to annual capacity (MWs) 

additions of wind and solar energy. Also, annual capacity data (MWs) for cumulative 

gas-fired capacity and its new additions in the states are also sourced from EIA, since the 
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gas-fired generation is one of the most growing technologies due to its relative clean and 

cheap fuel price. 

Sources for federal incentives and state’s renewable portfolio standards (RPS) 

programs include Database of State Incentives for Renewables & Efficiency (DSIRE), 

the state agencies (PUCT, Mass.Gov), and National Conference of State Legislatures 

(NSCL, 2019).  

Macroeconomic variables, both the U.S. federal and state, are also considered as 

potential explanatory variables for multivariate regression analysis. Historical data for 

state’s population, GDP, Personal Income per capital, and U.S. Consumer Price index are 

sourced from Federal Reserve Economic Data (https://fred.stlouisfed.org) and Bureau of 

Economic Analysis (https://apps.bea.gov/), and the data for market interest rates and 

stock market performance, represented by 10-year Treasury Bond yield and Down Jones 

Industrial Average Index, respectively, are from Yahoo Finance 

(https://finance.yahoo.com).  Table 14 presents a summary of data variable for analysis. 

Table 14. List of Variables for Retail Electric Price Analysis 

Variable Description 

FLAvgPriceKWh Annual average price of retail electricity in Florida, in U$ cents/KWh, 

Response variable 

MAAvgPriceKWh Annual average price of retail electricity in Massachusetts, in U$ 

cents/KWh, Response variable 

TXAvgPriceKWh Annual average price of retail electricity in Texas, in U$ cents/KWh, 

Response variable 

FLRE  Annual summer renewable capacity of wind and solar in Florida, in 

MWs 

MARE  Annual summer renewable capacity of wind and solar in Massachusetts, 

in MWs 

TXRE Annual summer renewable capacity of wind and solar in Texas, in MWs 

FLREAdd  Annual summer renewable capacity addition in Florida, in MWs 

MAREAdd  Annual summer renewable capacity addition in Massachusetts, in MWs 

TXREAdd Annual summer renewable capacity addition in Texas, in MWs 

FLGas$ Natural Gas Citygate Price in Florida (U$ per Thousand Cubic Feet) 

MAGas$ Natural Gas Citygate Price in Massachusetts (U$ per Thousand Cubic 

Feet) 

TXGas$ Natural Gas Citygate Price in Texas (U$ per Thousand Cubic Feet) 

FLGasCapMW Annual summer gas generating capacity (MW) in Florida 

MAGasCapMW Annual summer gas generating capacity (MW) in Massachusetts 

TXGasCapMW Annual summer gas generating capacity (MW) in Texas 
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Table 14. List of Variables for Retail Electric Price Analysis Continued 

Variable Description 

FLGasAddMW Annual summer gas capacity addition in Florida, in MWs 

MAGasAddMW Annual summer gas capacity addition in Massachusetts, in MWs 

TXGasAddMW Annual summer gas capacity addition in Texas, in MWs 

FedDereg88896 Dummy variable of 1 or 0. Value is 1 in and after 1996 when the FERC 

Order 888 is implemented as part of electric deregulation for open 

access to transmission 

PTCExpYR Dummy variable of 1 or 0. Value is 1 in the year when the production 

tax credit (PTC) is expired.  

MARPS97 Dummy variable of 1 or 0. Value is 1 in and after the year 1997 when 

the Massachusetts RPS is in place. 

TXRPS99 Dummy variable of 1 or 0. Value is 1 in and after the year 1999 when 

the Texas RPS is in place. 

MADereg98 Dummy variable of 1 or 0. Value is 1 in and after the year 1998 when 

Massachusetts implemented electric deregulation, including retail 

competition. 

TXDereg02 Dummy variable of 1 or 0. Value is 1 in and after the year 2002 when 

Texas implemented electric deregulation, including retail competition. 

MARPSCumTargetPct Annual cumulative renewable target % in Massachusetts, for RPS Class 

I 

TXRPSCumTargetMW Annual cumulative renewable target MWs in Texas. Table 2 presents the 

cumulative MWs by discrete years, and annual cumulative targets are 

linearly estimated on a prorated basis during the target years  

FLPOP1000 
Resident Population in Florida, Thousands of Persons, Annual, Not 

Seasonally Adjusted 

MAPOP1000 
Resident Population in Massachusetts, Thousands of Persons, Annual, 

Not Seasonally Adjusted 

TXPOP1000 
Resident Population in Texas, Thousands of Persons, Annual, Not 

Seasonally Adjusted 

FLGDPmln$ 
Gross domestic product (GDP) in Florida: All industry total (Millions of 

current dollars) 

MAGDPmln$ 
Gross domestic product (GDP) in Massachusetts: All industry total 

(Millions of current dollars) 

TXGDPmln$ 
Gross domestic product (GDP) in Texas: All industry total (Millions of 

current dollars) 

FLPIperCap$ Per Capita Personal Income (U$) in Florida 

MAPIperCap$ Per Capita Personal Income (U$) in Massachusetts 

TXPIperCap$ Per Capita Personal Income (U$) in Texas 

Annual CPI Data for December each year, Consumer Price Index for All Urban 

Consumers: All Items in U.S. City Average, Index 1982-1984=100, 

Monthly, Seasonally Adjusted 

10-YR TB yield% Data for December each year, Treasury Yield 10 Years (^TNX) 

YREndStockDJIA Data for December 1 each year, Dow Jones Industrial Average (^DJI) 
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4.3.2 Research Methodology 

Response (dependent) variables are Annual average price of retail electricity for 

three states: Florida, Massachusetts, and Texas, or FLAvgPriceKWh, MAAvgPriceKWh, 

and TXAvgPriceKWh. 

As to the research question, “What is the impact of the U.S. electric deregulation 

on retail electricity prices, in particular, in three states of Florida, Massachusetts, and 

Texas?” this paper begin with behavior over time (BOT) charts of retail electric prices by 

state, and summary statistics of the electric prices (U$/KWh) before and after major 

federal and state deregulation events and programs. Then, this study proceeds to use 

multivariate regression techniques with ordinary least squares, with the following steps to 

select significant explanatory variables. 

Factor analysis is first applied, with a factoring method of Maximum Likelihood 

and Varimax rotation, among continuous variables, to filter important explanatory 

(independent) variables from the state’s electric sector, federal and state’s deregulation 

events and programs, and macroeconomic variables listed in the Table 14. The outcome 

of the Factor Analysis will be several factors with a factor loading of each variable shown 

on each factor column. One factor will be chosen where the highest factor loading of the 

response variable is observed. All variables under the chosen factor will be selected if the 

absolute value of the factor loading of a variable is equal to or greater than 0.40, as per 

the suggestion of Rahn (2019). Then, the selected variables will be entered for stepwise 

linear regression.  

As the next step, stepwise linear regression is used to identify significant 

explanatory variables before making a regression model. Variables selection method is 

stepwise selection, a combination of forward and backward. A criterion to select 

significant variables is the p-value ≤ 0.1. The selected significant explanatory variables 

will be used to make a multivariate regression model to explain the response variable, 

and the results of parameters estimates will be discussed in terms of a significance level.  

As an additional testing experiment, the same significant explanatory variables of 

the two states, regulated Florida and deregulated Massachusetts, will be applied to run 

regression models for their neighboring states, or regulated Alabama, and deregulated 
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Connecticut, and their results will be compared and discussed with the results of the two 

states. 

4.4 Analysis Results and Discussion 

4.4.1 Behavior over Time (BOT) Charts 

Figure 17 presents annual average electric prices for three states of Florida, 

Massachusetts, and Texas (EIA, 2019). Over the past 28 years, the electric price trend in 

the three states has been very consistent: electric prices in Massachusetts have been the 

highest, followed by Florida and Texas.  

 

 

Figure 17. Annual Average Electric Prices in Three States by Year  

 

Price differences between Massachusetts and two other states have started 

increasing since 2007, when there was a serious concern about energy supply to meet an 

increasing demand, mainly due to the economic growth of China and India. Also, annual 

natural gas Citygate price is presented in Figure 18 to compare price trends in the three 

states (EIA, 2019). 
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Figure 18. Natural Gas Citygate Prices in Three States by Year  

 

 

4.4.2 Summary Statistics of Price Variables 

Given a reference year 1996 of the federal deregulation FERC Order 888, average 

electric price differences between before and after the event were U$ 2.14 cents per KWh 

(U$21.4/MWh), U$ 3.67 cents per KWh (U$36.7/MWh), and U$2.09 cents per KWh 

(U$20.9/MWh) for Florida, Massachusetts, and Texas, respectively.  Massachusetts 

recorded the greatest increase in electric price among three states after the federal 

deregulation. Table 15 summarizes the statistics of electric prices by state, before the 

federal deregulation event of 1996 (0) and after (1). 

 

Table 15. Summary Statistics of Annual Average Electric Prices by Federal Deregulation  

FedDereg88896 Variable N Mean Std Dev Min Max 

0 FLAvgPriceKWh 6 7.06 0.10 6.96 7.2 

1 FLAvgPriceKWh 23 9.20 1.61 6.9 11.5 

 

FedDereg88896 Variable N Mean Std Dev Min Max 

0 MAAvgPriceKWh 6 9.69 0.47 8.85 10.12 

1 MAAvgPriceKWh 23 13.36 2.90 9.00 18.3 
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Table 15. Summary Statistics of Annual Average Electric Prices Continued  

FedDereg88896 Variable N Mean Std Dev Min Max 

0 TXAvgPriceKWh 6 6.15 0.24 5.78 6.42 

1 TXAvgPriceKWh 23 8.24 1.46 6.00 11.00 

 

 

A Student-t test is used to make comparison of mean annual prices before and 

after the federal FERC Order 888 in 1996. Results in Table 16 show that all three states 

experienced statistically significant price changes between before and after the event, at 

the 5% level. APPENDIX D also presents a visualization of comparison of means using 

one-way analysis of electric price by FedDereg88896. 

 

Table 16. Comparison of Means before and after Federal Deregulation of 1996 

t-test for Means Comparison* Abs(Dif) - LSD** 

Florida 0.7758 

Massachusetts 1.2043 

Texas 0.8509 

*t-test for unequal sample sizes at 5% level.  

Positive values show pairs of means that are significantly different. 

**LSD: least significant distance 

 

Another analysis is conducted to compare the means of electric price before and 

after a state’s deregulation event. Given a reference year of retail competition in state 

markets, that is, 1998 for Massachusetts and 2002 in Texas, average annual electric price 

differences between before and after the event were U$3.58 cents per KWh 

(U$35.8/MWh), and U$2.63 cents per KWh (U$26.3/MWh) for Massachusetts, and 

Texas, respectively. Massachusetts still showed greater increase in electric price than 

Texas. Table 17 summarizes the statistics of annual electric prices by state, before (0) and 

after the retail competition event in the states (1). 
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Table 17. Summary Statistics of Annual Average Electric Prices by State Deregulation 

Florida Variable N Mean Std Dev Min Max 

0 no retail competition in place       

1             

              

MADereg98 Variable N Mean Std Dev Min Max 

0 MAAvgPriceKWh 8 9.84 0.50 8.85 10.50 

1 MAAvgPriceKWh 21 13.65 2.86 9.00 18.30 

              

TXDereg02 Variable N Mean Std Dev Min Max 

0 TXAvgPriceKWh 12 6.28 0.40 5.78 7.40 

1 TXAvgPriceKWh 17 8.89 1.05 6.00 11.00 

 

 

A Student-t test is also conducted to make comparison of mean prices before and 

after state’s deregulation events of retail competition. Results in Table 18 show that the 

two deregulated states experienced significant price changes between before and after the 

event, at the 5% level. APPENDIX E also presents a visualization of comparison of 

means using one-way analysis of electric prices by state retail competition. 

 

Table 18. Comparison of Means before and after Implementation of Retail Competition 

t-test for Means Comparison* Abs(Dif) - LSD** 

Florida not applicable 

Massachusetts 1.6980 

Texas 1.9593 

*t-test for unequal sample sizes at 5% level.  

Positive values show pairs of means that are significantly different. 

**LSD: least significant distance 

 

 

4.4.3 Correlations among Price Variables 

Before proceeding with factor analysis and stepwise regression modeling, 

correlations of major price variables in three states are estimated, as in Table 19. Notably, 

natural gas prices among the three states were highly correlated to each other at 0.94 or 

higher, while correlation coefficients among the electric prices were also high at 0.85 or 

greater. However, gas price-to-electric price correlations varied by state, with Florida at 
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0.59, Massachusetts at 0.55, and Texas at 0.88, the highest among the three states. The 

gas-to-electric price correlations were greater in post-federal deregulation of 1996 in 

Florida and Texas than the pre-federal deregulation. 

 

Table 19. Correlations among Price Variables 

Whole period (1990-2018)      

Variable 

FLAvgPriceK

Wh 

MAAvgPriceK

Wh 

TXAvgPriceK

Wh 

FLGa

s$ 

MAGa

s$ 

TXGa

s$ 

FLAvgPriceK

Wh 1.00      
MAAvgPriceK

Wh 0.93 1.00     
TXAvgPriceK

Wh 0.92 0.85 1.00    

FLGas$ 0.59 0.58 0.82 1.00   

MAGas$ 0.65 0.55 0.88 0.94 1.00  

TXGas$ 0.65 0.57 0.88 0.96 0.97 1.00 

 

Pre-Federal Deregulation of 1996      

Variable 

FLAvgPriceK

Wh 

MAAvgPriceK

Wh 

TXAvgPriceK

Wh 

FLGa

s$ 

MAGa

s$ 

TXGa

s$ 

FLAvgPriceK

Wh 1.00      
MAAvgPriceK

Wh (0.04) 1.00     
TXAvgPriceK

Wh 0.06 0.83 1.00    

FLGas$ (0.29) 0.34 0.38 1.00   

MAGas$ 0.05 0.67 0.92 0.67 1.00  

TXGas$ 0.37 (0.08) 0.21 0.51 0.46 1.00 

 

Post-Federal Deregulation of 1996       

Variable 

FLAvgPriceK

Wh 

MAAvgPriceK

Wh 

TXAvgPriceK

Wh 

FLGa

s$ 

MAGa

s$ 

TXGa

s$ 

FLAvgPriceK

Wh 1.00      
MAAvgPriceK

Wh 0.91 1.00     
TXAvgPriceK

Wh 0.89 0.79 1.00    

FLGas$ 0.40 0.40 0.74 1.00   

MAGas$ 0.51 0.37 0.82 0.91 1.00  

TXGas$ 0.52 0.43 0.83 0.94 0.96 1.00 
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4.4.4 Multivariate Regression Model Estimation 

4.4.4.1 Regulated Florida 

Factor Analysis of all continuous variables shows that the response variable 

(FLAvgPriceKWh) belongs to a Factor with the highest factor loading 0.89 across all the 

Factors, and all variables, except FLRE, FLREAddMW, and FLGasAddMW, have the 

factor loading of absolute value of 0.40 or greater. Under this circumstance, the filtered 

variables were entered with dummy variables, or federal deregulation and incentive 

events, to run stepwise linear regression, as a second data reduction step, with a criterion 

of a p-value of 0.1 (Table 20).  

 

 

Table 20. Florida Electric Price - Factor Analysis Results 

Variable 

Factor 

1 

Factor 

2 

Factor 

3 

Factor 

4 

Factor 

5 

Factor 

6 

Factor 

7 

Factor 

8 

Factor 

9 

Annual CPI 0.95 0.24 0.16 0.04 0.04 0.00 (0.01) (0.03) (0.03) 

FLGasCapM

W 0.95 0.22 0.16 0.11 (0.04) 0.06 (0.02) 0.06 0.01 

FLPOP1000 0.94 0.24 0.22 0.08 0.06 (0.00) (0.04) (0.02) (0.02) 

FLPIperCap$ 0.92 0.28 0.25 0.01 0.09 (0.01) (0.01) (0.01) 0.03 

FLGDPmln$ 0.91 0.29 0.27 0.05 0.09 0.03 (0.02) (0.00) 0.03 

FLAvgPriceK

Wh 0.89 0.08 0.26 (0.03) (0.27) 0.12 0.13 (0.00) (0.00) 

YREndStockD

JIA 0.82 0.41 0.08 0.00 0.37 0.05 0.03 (0.00) (0.00) 

FLREAddM

W 0.20 0.97 0.06 (0.00) (0.00) 0.01 (0.03) (0.03) 0.02 

FLRE 0.30 0.95 0.02 (0.03) 0.04 (0.02) 0.03 0.04 (0.02) 

FLGas$ 0.40 0.04 0.87 0.01 0.00 (0.01) 0.00 (0.00) (0.00) 

FLGasAddM

W 0.08 (0.02) 0.01 0.86 0.00 (0.01) (0.00) 0.00 0.00 

10-YR TB 

yield% (0.91) (0.08) (0.14) (0.13) 0.02 0.29 0.01 0.00 0.00 

 

 

Stepwise linear regression resulted in selecting four variables that meet the 

criterion:  FLGas$, FLGasCapMW, FLPOP1000, and Annual CPI. Table 21 presents a 

summary of regression parameter estimates, generated by a regression model. The model 

parameters indicate that all the four variables are significant at the 5% level. Coefficient 

estimates of the three variables are positive for Florida gas price, the state’s gas-fired 
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generation capacity, and U.S. CPI, while it is negative for the state’s population. Negative 

coefficient of the state’s population represents negative effects on the electric price in 

Florida. None of the federal variables, electric deregulation, or tax incentives, were 

significant at the 5% or 10% levels in explaining the state’s electric price. 

While the p-values of the three significant positive variables may be interpreted in 

a way that the electric price in Florida is positively influenced by the variables, R-Square 

of 0.91 indicates that their overall explanatory power is strong in this model. 

 

 

Table 21. Florida Regression Parameter Estimates - Electric Price 

  Estimate Std Error t-ratio p-value 

Florida         

Intercept 14.5147 2.9482 4.92 <.0001* 

FLGas$ 0.3017 0.0780 3.87 0.0007* 

FLGasCapMW 0.0002 0.0001 3.5 0.0018* 

FLPOP1000 -0.0018 0.0005 -3.62 0.0014* 

Annual CPI 0.1027 0.0349 2.94 0.0071* 

R-Square 0.91       

* Significant at the 5% level. 
      

 

4.4.4.2 Deregulated Massachusetts 

Factor Analysis of the continuous variables shows that the response variable 

(MAAvgPriceKWh) belongs to a Factor with the highest factor loading 0.61 across all 

the Factors, and the variables in the Factor were selected when the factor loading of 

absolute value is 0.40 or greater. All the variables, except for MAGasCapMW, MAGas$, 

MAGasAddMW, and 10-YR TB yield%, were chosen for further regression analysis. The 

selected variables were entered with dummy variables, or federal deregulation, incentive 

events, and the state’s deregulation events, to run stepwise linear regression with a 

criterion of a p-value of 0.1 (Table 22). 
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Table 22. Massachusetts Electric Price - Factor Analysis Results 

Variable 

Facto

r 1 

Facto

r 2 

Facto

r 3 

Facto

r 4 

Facto

r 5 

Facto

r 6 

Facto

r 7 

Facto

r 8 

Facto

r 9 

Factor 

10 

Factor 

11 

MARE 

          

0.96  

          

0.24  

       

(0.06) 

       

(0.00) 

          

0.05  

       

(0.11) 

       

(0.01) 

       

(0.02) 

       

(0.03) 

            

0.00  

          

(0.01) 

MAREAdd

MW 

          

0.85  

          

0.36  

       

(0.09) 

       

(0.07) 

       

(0.05) 

          

0.30  

          

0.04  

       

(0.02) 

       

(0.00) 

          

(0.00) 

          

(0.00) 

MARPSCu

mTarget% 

          

0.80  

          

0.56  

          

0.10  

       

(0.11) 

          

0.11  

       

(0.01) 

          

0.10  

       

(0.04) 

          

0.05  

            

0.02  

            

0.02  

YREndStoc

kDJIA 

          

0.77  

          

0.51  

          

0.24  

       

(0.05) 

       

(0.08) 

       

(0.04) 

       

(0.04) 

          

0.25  

          

0.00  

          

(0.01) 

            

0.00  

MAAvgPric

eKWh 

          

0.61  

          

0.50  

          

0.45  

       

(0.22) 

          

0.33  

       

(0.04) 

          

0.05  

       

(0.03) 

       

(0.00) 

          

(0.00) 

            

0.00  

MARPSAnn

ual% 

          

0.49  

          

0.78  

          

0.22  

          

0.01  

          

0.08  

          

0.06  

          

0.28  

       

(0.02) 

       

(0.01) 

            

0.00  

          

(0.00) 

Annual CPI 

          

0.56  

          

0.72  

          

0.37  

       

(0.13) 

          

0.07  

          

0.01  

          

0.02  

          

0.07  

          

0.06  

            

0.04  

            

0.00  

MAGasCap

MW 

          

0.30  

          

0.71  

          

0.61  

          

0.05  

       

(0.04) 

          

0.01  

          

0.03  

          

0.15  

          

0.05  

            

0.05  

            

0.00  

MAPOP100

0 

          

0.62  

          

0.70  

          

0.31  

       

(0.09) 

       

(0.03) 

       

(0.01) 

       

(0.08) 

          

0.03  

          

0.13  

          

(0.01) 

          

(0.00) 

MAGDPmln

$ 

          

0.63  

          

0.68  

          

0.34  

       

(0.10) 

          

0.04  

       

(0.04) 

       

(0.02) 

          

0.07  

          

0.06  

            

0.01  

            

0.01  

MAPIperCa

p$ 

          

0.63  

          

0.68  

          

0.35  

       

(0.12) 

          

0.07  

       

(0.04) 

       

(0.02) 

          

0.06  

          

0.06  

            

0.01  

            

0.02  

MAGas$ 

       

(0.08) 

          

0.30  

          

0.94  

       

(0.04) 

          

0.02  

       

(0.01) 

          

0.00  

       

(0.01) 

       

(0.00) 

          

(0.01) 

            

0.00  

MAGasAdd

MW 

       

(0.06) 

       

(0.06) 

       

(0.03) 

          

0.94  

       

(0.01) 

       

(0.00) 

          

0.00  

       

(0.00) 

       

(0.00) 

          

(0.00) 

          

(0.00) 

10-YR TB 

yield% 

       

(0.36) 

       

(0.84) 

       

(0.29) 

          

0.11  

       

(0.02) 

       

(0.04) 

          

0.10  

          

0.06  

          

0.10  

            

0.03  

            

0.01  

 

After stepwise linear regression, four variables were selected meeting the 

criterion:  MADereg98, MAPOP1000, MAGDPmln$, and MAPIperCap$. All the four 

variables showed the significance level of 5%, with R-Square of 0.95 as shown in Table 

23. 

Table 23 presents a summary of regression parameter estimates, generated by 

multivariate regression model with ordinary least squares. The model parameters indicate 

that only the state’s personal income per capita shows a positive coefficient, while other 

three variables, the state’s deregulation of 1998, population, and GDP, show negative 

coefficients. None of federal electric deregulation or incentives were not significant in 

Massachusetts. The implications are that the state’s electric prices have declined with the 

implementation of state’s deregulation, and the growth of GDP and population in the 

state, while the electric price moved together with the state’s personal income per capita. 
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Table 23. Massachusetts Regression Parameter Estimates - Electric Price 

  Estimate Std Error t-ratio p-value 

Massachusetts         

Intercept 43.7964 18.7432 2.34 0.0281* 

MADereg98[0] 0.5498 0.2398 2.29 0.0309* 

MAPOP1000 -0.0079 0.0033 -2.39 0.0248* 

MAGDPmln$ -0.0001 0.0000 -3.04 0.0057* 

MAPIperCap$ 0.0011 0.0002 5.14 <.0001* 

R-Square 0.95       

* Significant at the 5% level.       

 

4.4.4.3 Deregulated Texas 

Factor Analysis of the continuous variables shows that the response variable 

(TXAvgPriceKWh) belonged to a Factor with the highest factor loading 0.82 across the 

Factors, but the variables in the Factor with factor loading of absolute value of 0.40 or 

greater include U.S. CPI, TXGas$, TXGasCapMW. The selected variables were entered 

with dummy variables, or federal deregulation, incentive events, and the state’s 

deregulation events, to run stepwise linear regression with a criterion of a p-value of 0.1 

(Table 24). 

Table 24. Texas Electric Price - Factor Analysis Results  

 

Variable 

Fact

or 1 

Fact

or 2 

Fact

or 3 

Fact

or 4 

Fact

or 5 

Fact

or 6 

Fact

or 7 

Fact

or 8 

Fact

or 9 

Facto

r 10 

Facto

r 11 

TXRPSCumTa

rgetMW 0.95 0.19 (0.08) 0.15 0.15 (0.03) 0.03 0.04 (0.01) (0.05) 0.04 

YREndStockD

JIA 0.95 0.20 0.05 0.11 (0.06) 0.02 (0.01) (0.12) (0.03) 0.08 0.00 

TXRE 0.92 0.06 (0.15) 0.26 0.11 0.05 0.00 0.17 (0.01) 0.01 0.00 

TXGDPmln$ 0.90 0.37 (0.11) 0.15 0.15 (0.06) 0.00 0.00 0.03 (0.04) (0.02) 

TXPOP1000 0.89 0.38 (0.06) 0.14 0.18 (0.07) 0.07 (0.02) 0.05 (0.00) (0.00) 

TXPIperCap$ 0.89 0.38 (0.07) 0.16 0.17 (0.09) 0.00 (0.04) 0.03 (0.04) (0.02) 

Annual CPI 0.87 0.41 (0.10) 0.11 0.18 (0.08) 0.06 (0.03) 0.05 0.01 (0.02) 

TXRPSAnnual

MW 0.70 0.33 (0.17) 0.08 0.58 (0.04) 0.01 0.01 0.00 (0.00) (0.00) 

TXGas$ 0.13 0.97 (0.05) 0.08 0.02 (0.01) (0.07) (0.00) (0.04) 0.01 (0.00) 

TXAvgPriceK

Wh 0.42 0.82 (0.27) 0.18 0.20 (0.01) 0.01 (0.00) 0.09 (0.03) (0.00) 

TXGasCapM

W 0.57 0.75 0.11 0.04 0.11 (0.11) 0.23 0.00 0.00 (0.00) 0.00 

TXGasAddM

W (0.07) (0.08) 0.98 (0.07) (0.04) 0.00 0.00 (0.00) (0.00) 0.00 0.00 

TXREAddMW 0.63 0.26 (0.18) 0.69 0.06 (0.03) 0.01 (0.00) 0.00 (0.00) (0.00) 

10-YR TB 

yield% (0.74) (0.41) (0.00) (0.14) (0.32) 0.35 (0.03) 0.01 (0.00) 0.00 0.00 
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Stepwise linear regression selected four variables that meet the criterion: TXGas$, 

TXGasCapMW, TXDereg02, and U.S. CPI. All the four variables showed statistical 

significance at the 5% level, with R-Square of 94%, as summarized in Table 25. The 

summary of regression parameter estimates shows that the variables with positive effects 

are U.S. CPI, the state’s gas price, and the state’s electric deregulation, with the state’s 

gas-fired generating capacity as the only negative coefficient. None of federal electric 

policies, or deregulation and the federal incentive event, were significant at the 5% or 

10% level in Texas.   

 

Table 25. Texas Regression Parameter Estimates - Electric Price 

  Estimate Std Error t-ratio p-value 

Texas         

Intercept 5.9942 1.5636 3.83 0.0008* 

Annual CPI 0.0224 0.0043 5.19 <.0001* 

TXGas$ 0.7263 0.0799 9.09 <.0001* 

TXGasCapMW -0.0001 0.0000 -3.29 0.0031* 

TXDereg02[0] -0.7718 0.2774 -2.78 0.0104* 

R-Square 0.94       

* Significant at the 5% level.       

 

4.4.4.4 Application to Regulated Alabama and Deregulated Connecticut 

To conduct testing with the results of significant explanatory variables from 

regression models of regulated and deregulated states, two neighboring states are 

selected: Alabama, a regulated state next to Florida, and Connecticut, a deregulated state 

next to Massachusetts. Table 26 shows a summary of regression parameter estimates in 

the two comparative states for testing.  

When the four significant variables from the Florida model, the state natural gas  

price, gas-fired generating capacity, population, and the U.S. CPI, are applied to build a 

regression model to explain the annual electric prices in Alabama, the only variable, U.S. 

CPI, was found to be significant at the 5% level, with a R-Square of 90%. This result also 

suggests that the two regulated states in this study are not significantly explained by the 

federal deregulation efforts, due to their own regulations set by the state public 

commissions. 
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Table 26. Alabama and Connecticut Regression Parameter Estimates - Electric Price 

 Alabama Estimate Std Error t-ratio p-value 

Intercept 15.6973 13.0301 1.2 0.2401 

ALGas$ -0.0026 0.0860 -0.03 0.9761 

ALGasCapMW -0.0001 0.0001 -0.61 0.5483 

ALPOP1000 -0.0058 0.0043 -1.34 0.1919 

Annual CPI 0.0947 0.0375 2.52 0.0186* 

R-Square 0.90       

* Significant at the 5% level; ** at the 10% level. 

 Connecticut Estimate Std Error t-ratio p-value 

Intercept 11.1846 17.8622 0.63 0.5371 

CTDereg98[0] 1.8782 0.4463 4.21 0.0003* 

CTPOP1000 -0.0039 0.0059 -0.67 0.5100 

CTGDPmln$ 0.0001 0.0000 1.69 0.1033** 

CTPIperCap$ 0.0001 0.0001 0.78 0.4404 

R-Square 0.90       

* Significant at the 5% level; ** at the 10% level. 
    

 

For testing the Connecticut case, the same four significant variables from the 

Massachusetts model were applied: the state’s deregulation, population, GDP, and 

personal income per capita. In the multivariate regression, only two of the four significant 

variables for Massachusetts were statistically significant for the electric prices in 

Connecticut: the state’s deregulation significant at the 5% level, and GDP significant at 

the 10% level. Both in Connecticut and Massachusetts, the negative coefficients of the 

state’s deregulation on retail competition, helped decrease the electric prices.  

4.5 Conclusions and policy implications 

This study investigated the impacts of U.S. electric deregulation on retail electric 

prices over 29 years from 1990 to 2018 in three states: Florida, Massachusetts, and 

Texas, which chose to take different pathways in terms of operating their electric 

markets. When the federal deregulation were established in the early 1990s, Florida 

decided to stay regulated, but Massachusetts and Texas started implementing the RPS in 

1997 and 1999, as part of electric deregulation, and later opened their electric markets to 

retail competition in 1998 and 2002, respectively. 

In order to answer the question, What is the impact of  the U.S. electric 

deregulation, FERC Order 888 and federal tax incentives (PTC) at the federal level on 
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retail electric prices in the three states, along with the state’s deregulation, the mandated-

renewable portfolio standard (RPS), and the state and U.S. macroeconomic variables, 

Stepwise multivariate regression was conducted with the explanatory variables first 

filtered by Factor Analysis to group the variables of similar underlying structure, and 

estimated whether the deregulation policies and the state’s electric prices were 

statistically significant in explaining electric prices in the states, regulated or deregulated. 

Also, the two neighboring states, regulated Alabama and deregulated Connecticut, are 

chosen to apply the findings of the significant variables from the regression models for 

regulated Florida and deregulated Massachusetts in this study.  

Results from the regression models show that statistically significant explanatory 

variables vary by state, due to the individual states’ policies and their acceptance levels of 

the electric deregulation initiatives. 

In regulated Florida, the result shows that four variables were significant in the 

5% level (natural gas price, gas-fired generating capacity, population, and U.S. CPI) to 

explain the state’s electric prices, with a strong R-Square of 0.91 from the model. It is 

notable that the federal deregulation/incentives are not significant at all, while gas fuel 

price and macroeconomic variables showed positive relationships. 

In deregulated Massachusetts, the model result shows a R-Square of 0.95, with 

the significant variables at the 5% level, the state’s electric deregulation, population, 

GDP and personal income per capita. The state’s electric deregulation has had negative 

influence on the electric price, or lowering the prices, while the federal deregulation or 

incentives are not significant at the 5% or 10% level.  

In deregulated Texas, the regression model shows that four variables are 

significant at the 5% level (natural gas price, gas-fired generating capacity, the state’s 

deregulation, and U.S. CPI) to explain the state’s electric prices, with a strong R-Square 

of 0.94 from the model. The explanatory variables with positive coefficients included 

natural gas prices, U.S. CPI, and the state’s electric deregulation, compared to the federal 

deregulation/incentives being not significant in this state. 

When testing the case of regulated Alabama with the four significant variables of 

Florida, the model shows that Alabama has the only one of the Florida’s significant 

variables: U.S. CPI, indicating the state’s unique characteristics, not necessarily the same 
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as in regulated Florida. Testing results for deregulated Connecticut, with the four 

significant variables of Massachusetts, show that Connecticut have two variables 

significant: the state deregulation at the 5% and the state GDP at the 10% level.   

In summary, while the retail electric price in regulated Florida has been positively 

driven by the state’s gas price, gas-fired generator capacity, and U.S. CPI, it has been 

negatively influenced by the state’s population, with federal deregulation or incentive not 

significant in affecting the state’s electric prices. In deregulated Massachusetts and 

Texas, among the significant explanatory variables, is the state’s electric deregulation on 

retail competition, not the RPS programs or the federal deregulation events. 

Massachusetts saw its deregulation impact of lowering the electric price, as compared to 

Texas where the deregulation exerted its impacts by increasing the electric price, along 

with the state’s natural gas price, and the U.S. CPI.   
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CHAPTER 5 

COMBINED RESULTS AND DISCUSSIONS 

5.1 Introduction 

This paper investigated the impacts of U.S. electric deregulation, at a federal and 

state level, on renewable energy capacity additions and retail electric prices in the three 

states of Florida, Massachusetts, and Texas. The main reason for selecting the three states 

is that those states have chosen different pathways, with different levels of commitment, 

to adopt the federal electric deregulation, as well as their own state deregulation and 

renewable portfolio standards (RPS). Florida, a state in the Southeast in the U.S., did not 

adopt electric deregulation policies or RPS to promote renewable energy sources, while 

both states, Massachusetts and Texas in the New England and Southwest, successfully 

implemented electric deregulation policies, with the statewide RPS programs with annual 

targets for in-state renewable capacity additions (MWs) or percentages of renewable 

requirements in serving the state’s electric loads. 

In investigating the impacts on renewable capacity additions and retail electric 

prices, additional variables, besides the policy variables of the federal / state deregulation 

and incentives, were also considered, including the state’s gas-fired generation additions 

(MWs), the state’s macroeconomic variables of population, GDP, per capita personal 

income, and U.S. macroeconomic variables of annual CPI, market interest rates, and 

stock market performance. Major objectives were to identify whether the federal or state-

level deregulation policies have been statistically significant in affecting the two response 

variables, i.e. renewable energy capacity additions and retail elective prices in the three 

states. 

Significant explanatory variables were filtered and identified by two step 

processes, Factor Analysis and Stepwise regression for each of the three states. For 

testing with a neighboring state, the selected explanatory variables from the models were 

applied to see whether they are also significant. A regulated state, Alabama, takes the 

same significant variables from its neighbor Florida, and a deregulated state, Connecticut, 

uses those from its neighbor Massachusetts. 
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5.2 Results and Discussion: Impact of the U.S. Deregulation on 
Renewable Capacity Additions 

5.2.1 Regulated Florida 

After data reduction processes of the factor analysis and stepwise multiple 

regression, the model shows that three explanatory variables were statistically significant 

at the 5% level, the state’s electric price (FLAvgPriceKWh), the federal deregulation 

event (FedDereg88896), and the state’s  output (FLGDPmln$). Two variables, the 

electric price and the federal deregulation, showed negative impacts on the renewable 

capacity additions in Florida, but the state’s GDP helped increase the capacity with 

positive coefficients. The low R-Square of 0.46 indicates that overall explanatory power 

was not strong in this model. 

When the three significant variables of Florida, the electric price, the federal 

deregulation, and the GDP, were used to build a regression model to observe their 

impacts on the annual renewable capacity additions in Alabama, none of them are found 

to be significant at the 10% level, with a low R-Square of 21%. This result implies that 

the two regulated states are subject to their own regulations set by the state public 

commissions, leading to different policy goals and directions. Alabama was a late mover 

in building its state’s renewable capacity additions, with the first renewable capacity of 

75MW not seen until 2016. 

 

5.2.2 Deregulated Massachusetts 

In Massachusetts, five explanatory variables were selected as significant at the 5% 

level: the state’s RPS target (MARPSCumTarget%), population (MAPOP1000), the 

state’s GDP (MAGDPmln$), U.S. Annual CPI, and stock market performance 

(YREndStockDJIA). The model’s R-Square of 0.89 signals strong explanatory power of 

those selected variables in explaining the renewable energy investments in the state. 

Notably, the federal deregulation or incentives were not statistically significant. 

All the significant variables, except for the GDP, had positive impacts on the state’s 

renewable investments. The only significant variable, the GDP, showed a negative effect 

on the renewable additions. 
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In deregulated Connecticut, the same five significant variables from the 

Massachusetts model were used for testing the model: the RPS target, the state’s 

macroeconomy (population, GDP), and the U.S. macroeconomy (CPI, Down Jones 

Index). In the Connecticut model, only one of the five variables were significant in 

affecting the renewable capacity additions in the state: the RPS target 

(CTCumRPSTarget%). Connecticut has started building its renewable capacity starting in 

2013, with more influenced by the state’s RPS program than the federal deregulation 

efforts, similar to its neighbor, Massachusetts.  

 

5.2.3 Deregulated Texas 

Texas had nine significant variables at the 5% or 10% level: the state’s electric 

price (TXAvgPriceKWh), the federal incentive (PTCExpYR), the state’s 

deregulation/RPS (TXDereg02, TXRPSCumTargetMW, TXRPSAnnualMW), the 

competing gas-fired technology (TXGasCapMW), the state’s macroeconomic variables 

(TXPOP1000, TXPIperCap$), and the U.S. Annual CPI. The R-Square of 87% represents 

significant explanatory power with the selected variables. 

While most of the variables showed positive impacts on the state’s renewable 

investments, the three variables, e.g. the RPS program, the gas generation capacity, and 

the U.S. CPI exerted negative impacts.  

5.3 Results and Discussion: Impact of the U.S. Deregulation on Retail 
Electric Price 

5.3.1 Regulated Florida 

After data reduction processes of the factor analysis and stepwise multiple 

regression, the Florida model shows that four explanatory variables were statistically 

significant at the 5% level, that is, the state’s natural gas price (FLGas$), the competing 

gas-fired generation capacity (FLGasCapMW), population (FLPOP1000), and the U.S. 

Annual CPI. All the variables, except the population, had positive impacts on the state’s 

retail electric prices. The high R-Square of 0.91 indicates that overall explanatory power 

was strong in this model. 

When the same four significant variables from the model were used to build a 

regression model to see the impacts on the retail electric prices in Alabama, the only 



Texas Tech University, Peter Yungkil Jang, August 2020 

84 
 

variable, U.S. Annual CPI, was found to be significant at the 5% level, with the R-Square 

of 90%. This result implies that the two regulated states in this study are moving in a 

unique way, subject to their own policies and regulations set by their state public 

commissions. 

5.3.2 Deregulated Massachusetts 

In Massachusetts, four explanatory variables were selected as significant at the 

5% level: the state’s deregulation (MADereg98), population (MAPOP1000), the state’s 

GDP (MAGDPmln$), and the state per capita personal income (MAPIperCap$). The 

model’s R-Square of 0.95 showed strong explanatory power of the selected variables in 

explaining the electric prices in the state. 

Notably, the federal deregulation or incentives were not statistically significant. 

Only the per capita personal income showed a positive impact on the electric prices, 

while other three variables, the state’s deregulation, or retail competition, of 1998, 

population, and GDP, showed negative impacts on the price. 

In deregulated Connecticut, the same four significant variables are applied to test 

the model: the state deregulation, population, GDP, and per capita personal income. In 

the Connecticut model, only two of the four variables for Massachusetts were significant 

in explaining the state’s electric price: the deregulation at the 5% level, and the GDP at 

the 10% level. The state’s deregulation helped decrease the electric price as in 

Massachusetts, while the state’s GDP had positive impact on the prices. 

 

5.3.3 Deregulated Texas 

Texas has four significant variables at the 5% level: the state’s natural gas price 

(TXGas$), the gas generation capacity (TXGasCapMW), the state’s deregulation 

(TXDereg02), and the U.S. Annual CPI. The R-Square of 94% represents significant 

explanatory power with the selected variables. 

Most of the significant variables showed positive impacts on the state’s electric 

price, except the gas-fired generation capacity with a negative impact. Surprisingly, the 

state’s deregulation, or retail competition, of 2002 helped increase the electric prices with 

a positive coefficient.  
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5.4 Policy Implications and Future Research  

First hypothesis in this paper was that the U.S. federal and the state-level electric 

deregulation may lead to more renewable energy capacity additions in deregulated states 

than a regulated state. Test results showed that the three states in this paper have 

experienced very interesting pathways, in terms of relationships between the explanatory 

variables and the response variable. Florida had the negative impact of the federal 

deregulation event, significant at the 5% level, on the renewable capacity additions, while 

Massachusetts did not any of the federal deregulation or incentives significant, but its 

state’s RPS program, significant at the 5% level, positively impacted on the level of the 

renewable investments. In Texas, both the federal incentive and the state’s deregulation 

of retail competition, significant at the 10% level, positively impacted the state’s 

renewable capacity additions, along with the state’s electric price, significant at the 5% 

level.  

These findings suggest that each state may respond to the federal electric 

deregulation policies in a different manner, subject to their own policies and agenda, and 

the state policies may help accelerate the renewable capacity additions, given the existing 

foundation of federal electric policies, i.e. tax incentive significant in Texas only. 

Second hypothesis was that the U.S. federal and the state-level electric 

deregulation may lead to lower retail electric prices in deregulated states than a regulated 

state. Test results showed that none of the three states had the federal deregulation 

policies or incentives as significant in affecting the electric prices. Interestingly, the 

state’s deregulation efforts of retail competition showed mixed impacts on the prices: 

Massachusetts in negative relationship, or implying lower prices, but Texas in positive 

relationship, or implying higher prices, with the state retail competition. The state gas 

prices were positively correlated to the electric prices in Florida and Texas, along with 

some macroeconomic variables. 

These findings suggest that the electric prices in each state have not significantly 

responded to the federal electric deregulation policies, but to their fuel cost components, 

the state market competition, and macroeconomic variables including GDP and CPI.  

Among the three states in this study, Texas seems to be the state that has 

successfully implemented a state-level renewable policy and retail competition in terms 
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of building renewable energy additions. Its wind and solar generating capacity accounted 

for 22% of total capacity in the state, with the cheap cost of wind generation also 

contributing to relatively cheaper electric prices than other states in the U.S. 

There may be different views of market participants on the findings of this paper: 

electric customers, electric suppliers (utility firms, energy service providers), and state 

policy makers. In deregulated states, customers choose their retail energy suppliers, with 

criteria of electric prices, renewable share of electricity by suppliers, or customer service. 

Ideally, they may want to see lower prices from cleaner energy. Both utility companies or 

electric service providers, in regulated and deregulated markets, may need to establish 

their own goals of securing renewable energy portfolio and lowering prices with active 

market strategies, building the long-term trust with their consumers in sustainability 

issues. State policy makers may find the results that their roles are more significant than 

the federal government’s in affecting renewable additions. Besides, the state governments 

may want to ensure fair and transparent business practice in their electric markets, with 

the understanding that major influencers of electric prices are retail competition, fuel 

prices, and macroeconomic variables. 

This paper focused on three states, one regulated and two deregulated, to conduct 

comparative studies of the impacts of the U.S. federal and the state level-electric 

deregulation and incentives on renewable energy investments and retail electric prices in 

each state. Future research may expand the scope to a wider perspective to a region, or 

Independent System Operator (ISO) level, given market fundamentals of electric supply 

and demand, with interactions of import and export with those of adjacent regions. When 

investigating the deregulation impacts on an ISO or regional level, combining all data of 

quantitative variables from all states in an ISO or region may be a challenge. One method 

would be to use the weighted average of the data based on each state's population for 

analysis in a regional setting.  

In another perspective, it would also be a good research topic to investigate the 

factors that may help strengthen the effectiveness of electric deregulation and incentives 

to encourage more of renewable capacity investments and stabilize electric prices on a 

end-use level. 
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As the share of renewable energy capacity has been on a growing trend in U.S. 

electric market, it would be an interesting study to investigate favorable geographical 

locations inside a specific state, or favorable states in the nation, when developing new 

energy projects, renewable or gas-fired. Determinant factors may include capital costs, 

regulatory and environmental issues, transmission availability, and market accessibility.  

As one of market participants, utility companies in regulated states also may have 

strong presence in deregulated states, as energy service provider or renewable investors. 

An example is NextEra Energy, a parent of a large regulated utility company, Florida 

Power and Light with 5 million customers. It would be valuable to identify key success 

factors how utility-originated companies manage to successfully sustain competitive 

position in new regulatory markets.  
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APPENDICES 

Appendix A 

List of RPS Requirements in Massachusetts 

Term Description 

RPS Class I The RPS Class I requirement increases by one percent annually with no 

established end date. New renewable energy facilities are those that began 

commercial operation after 1997. 

RPS Solar Carve-Out On January 1, 2010, new regulations were filed that established a requirement 

for a portion of the RPS Class I renewable energy requirement to come from 

solar photovoltaic (PV) energy. This carve-out supported over 650 megawatts 

of new distributed solar PV energy facilities across the Commonwealth. 

RPS Solar Carve-Out 

II 

The second phase of the Solar Carve-Out Program began with the 

promulgation of changes to the RPS Class I Regulation on April 25, 2014. 

The program was originally designed to continue supporting new solar 

photovoltaic (PV) installations until 1,600 MW of capacity was installed 

across the entire Commonwealth, but was extended in February 2016 and 

March 2017. 

RPS Class II 

Renewables 

Similar to RPS Class I, this class pertains to generation units that use eligible 

renewable resources, but have an operation date prior to January 1998. 

RPS Class II Waste 

Energy 

This class includes generation units that are classified as Waste Energy 

Generation Units and are located in Massachusetts. Typically these units burn 

solid waste at extremely high temperatures to generate electricity or steam 

power, in addition to providing funding to support recycling programs in 

Massachusetts. 

Alternative Energy 

Portfolio Standard 

(APS) 

The Alternative Energy Portfolio Standard (APS) was established as of 

January 1, 2009, under the Green Communities Act of 2008. The APS offers a 

new opportunity for Massachusetts businesses, institutions, and governments 

to receive an incentive for installing eligible alternative energy systems. APS 

includes Combined Heat and Power (CHP), flywheel storage, and efficient 

steam technologies. 

Clean Energy 

Standard (CES) 

Beginning in 2018, the Clean Energy Standard (CES) sets a minimum 

percentage of electricity sales that utilities and competitive retail suppliers 

must procure from clean energy sources.  The minimum percentage begins at 

16% in 2018, and increases 2% annually to 80% in 2050.  The CES is met 

through acquisition of Clean Energy Credits (CECs) or by making an 

Alternative Compliance Payment (75% of RPS ACP from 2018 to 2020, and 

50% of the RPS ACP thereafter). 

Source: Mass.gov; Program Summaries (2019)  
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Appendix B 

Alternative Compliance Payment (ACP) Rates U$/MWh in Effect from 

2003 – 2018, Massachusetts 

Compliance Year CPI 

RPS 

Class I 

ACP 

Rate 

RPS 

Class I 

Solar 

Carve-

Out ACP 

Rate 

RPS 

Class I 

Solar 

Carve-

Out II 

ACP 

Rate 

RPS Class II 

Renewable 

Generation 

ACP Rate 

RPS 

Class II 

Waste 

Energy 

ACP 

Rate 

APS 

ACP 

Rate 

2019   $70.44 $404 $333 $28.91 $11.56 $23.13 

2018 265.14 $68.95 $426 $350 $28.30 $11.32 $22.64 

2017 259.54 $67.70 $448 $350 $27.79 $11.12 $22.23 

2016 254.85 $66.99 $472 $350 $27.50 $11.00 $22.00 

2015 252.19 $67.07 $496 $375 $27.53 $11.01 $22.02 

2014 252.46 $66.16 $523 $375 $27.16 $10.86 $21.72 

2013 249.04 $65.27 $550 N/A $26.79 $10.72 $21.43 

2012 245.70 $64.02 $550 N/A $26.28 $10.51 $21.02 

2011 241.00 $62.13 $550 N/A $25.50 $10.20 $20.40 

2010 233.87 $60.93 $600 N/A $25.00 $10.00 $20.00 

2009 229.34 $60.92  N/A N/A $25.00 $10.00 $20.00 

2008 229.31 $58.58 N/A N/A  N/A  N/A  N/A 

2007 220.51 $57.12  N/A N/A  N/A  N/A  N/A 

2006 215.00 $55.13  N/A N/A  N/A  N/A  N/A 

2005 207.50 $53.19  N/A N/A  N/A  N/A  N/A 

2004 200.20 $51.41  N/A N/A  N/A  N/A  N/A 

2003 193.50 $50.00  N/A N/A  N/A  N/A  N/A 

2002 188.20 N/A  N/A N/A  N/A  N/A  N/A 

Source: Mass.gov; Alternative Compliance Payment (2019) 
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Appendix C 

Results of the Annual Forward Capacity Auctions in New England 

AUCTION TOTAL 

CAPACITY 

ACQUIRED 

(MW) 

NEW DEMAND 

RESOURCES  

NEW 

GENERATION 

CLEARING 

PRICE 

COMMITMENT 

PERIOD 
(MW) (MW) 

($/KW-

MONTH) 

FCA #1 in 2008 

for CCP 2010/2011 
34,077 1,188 626 

$4.50  

(FLOOR PRICE) 

FCA #2 in 2008 

for CCP 2011/2012 
37,283 448 1,157 

$3.60  

(FLOOR PRICE) 

FCA #3 in 2009 

for CCP 2012/2013 
36,996 309 1,670 

$2.95  

(FLOOR PRICE) 

FCA #4 in 2010 

for CCP 2013/2014 
37,501 515 144 

$2.95  

(FLOOR PRICE) 

FCA #5 in 2011 

for CCP 2014/2015 
36,918 263 42 

$3.21  

(FLOOR PRICE) 

FCA #6 in 2012 

for CCP 2015/2016 
36,309 313 79 

$3.43  

(FLOOR PRICE) 

FCA #7 in 2013 

for CCP 2016/2017 
36,220 245 800 

$3.15  

(FLOOR PRICE) 

NEMA/Boston: 

$14.99 

FCA #8 in 2014 

for CCP 2017/2018 
33,712 394 30 

$15.00/new & 

$7.025/existing 

FCA #9 in 2015 

for CCP 2018/2019 
34,695 367 1,060 

System-wide: 

$9.55 

SEMA/RI: 

$17.73/new & 

$11.08/existing 

FCA #10 in 

2016 for CCP 

2019/2020 

35,567 371 1,459 $7.03  

FCA #11 in 

2017 for CCP 

2020/2021 

35,835 640 264 $5.30  

FCA #12 in 

2018 for CCP 

2021/2022 

34,828 514 174 $4.63  

FCA #13 in 

2019 for CCP 

2022/2023 

34,839 654 8373 $3.80  

Source: ISO-NE (2019) 
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Appendix D 

One Way Analysis of Electric Price for Three States, Before and After 

Federal Deregulation (1996) 
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Appendix E 

One Way Analysis of Electric Price for Massachusetts and Texas, 

Before and After Retail Competition 

 

 

 

 

 

 


