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Retail Electricity Market Restructuring and Retail Rates

Kenneth Rose,* Brittany Tarufelli,® and Gregory B. Upton Jr.*

ABSTRACT

Prior to the 1990s, all U.S. states used a “cost of service (COS)” regulation regime
in which investor-owned utilities were allowed to recover prudently incurred costs
plus a rate of return on capital expenditures, and retail customers were unable
to choose their electricity supplier. From 1996-2000, multiple states passed re-
tail electricity market “restructuring.” This empirical research examines the effect
of retail restructuring on electricity prices to final consumers. We find that rates
increased in restructured states relative to plausible counterfactuals in the years
post-restructuring. But by twelve years after retail restructuring, we no longer ob-
serve any difference. We investigate plausible mechanisms, finding evidence that
retail prices became more responsive to natural gas prices due to retail restructur-
ing, the timing of which coincided with increases in natural gas prices nationally.
We also test for whether restructuring had distributional effects across customer
classes and find that in the short run residential customers benefited relative to
industrial customers during transition periods, but that this difference does not
persist into full implementation.

Keywords: Retail electricity market restructuring, Retail choice, Retail
competition
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1. INTRODUCTION

Electric utilities are a classic example of a natural monopoly in which regulators—in lieu
of markets—set rates (i.e. prices).' In the United States, investor-owned utilities are regulated on
a state-by-state basis and these regulatory regimes differ substantially. Prior to the 1990s, states
typically used a “cost of service” (COS) regulatory regime, where utilities recover prudently incurred
costs plus a rate of return. Regulators set the rate of return to allow utilities to attract investment
capital needed for up-front investments and recover these costs over years from ratepayers.>

In the late 1990s, a number of states changed their traditional regulatory approach, and
began implementing electricity market “restructuring” (sometimes referred to as “deregulation”
colloquially and in the literature). Retail restructuring reforms at the state level typically targeted

1. Natural monopolies typically exhibit high startup costs and economies of scale. In the context of electricity, it is likely
higher cost to have multiple companies building and managing electricity service to residential homes, for example.

2. Typically, the rate of return is based on the company’s weighted average cost of capital (WACC) which includes a
weighted average of market returns of equities and prevailing interest rates on debts based on an individual company’s debt
and equity shares. See Appendix B for an overview of cost of service rate regulation.
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generation ownership and remuneration as well as the reform of retail services to allow consumers
to choose an alternate supplier of electricity. State-level reforms often required the separation
of generation function, thus transitioning the generation capacity from COS to market-based
remuneration while also requiring incumbent utilities that unbundled their rates to divest their
generation plants to either an affiliate or unrelated entity. States also required competition in the
retail sector, allowing third-party, energy-only retailers to buy power in the wholesale market and
sell to end-use customers (Borenstein and Bushnell, 2015). Competition in the retail sector was
referred to in many ways, including retail restructuring, retail access, or retail choice.

In some states, regulators began allowing customers to contract with non-utility power
generators for their electric supply, in essence circumventing the incumbent utility.> The most famous
example of retail restructuring occurred in California, which underwent an electricity market crisis
in 2000-2001. Companies such as Enron were blamed for this crisis due to exploitation of the
specific rules of the state’s restructuring legislation to influence market prices to their advantage.
But not all states that underwent retail restructuring experienced such results and fourteen states that
implemented restructuring in the early 2000s maintain this regulatory structure today. As shown
in Map 1, state level restructuring was concentrated in the Northeast and Western United States,
with the notable exception of Texas in the South. Several of the states in the West either reversed or
implemented hybrid policies plausibly spurred by California’s energy crisis. Altogether, wholesale
and retail restructuring of the U.S. electric power industry has been described as one of the largest
single industrial reorganizations in the history of the world (Kwoka, 2008).*

Recently, renewed attention has been given to retail access in the aftermath of the 2021
Texas power crisis. In February of 2021, three severe winter storms swept across Texas, leading
simultaneously to historic levels of demand and the failure of a number of large generating stations.
In response, the Electric Reliability Council of Texas (ERCOT) set the wholesale market price of
electricity at its cap of $9,000 per MWh for approximately four days. Interestingly, facilitated by
retail choice in Texas, some rate plans allow customers, including less sophisticated residential
customers, to pay the wholesale price for electricity plus some markup.’ Assuming average usage,
this would amount to an over $1,400 electricity bill for a residential customer for just four days.°
This is perhaps a dramatic example of how retail access could create sharp temporary price increases
for a final use customer.” Electricity market design has been at the center of the debate of the cause
of the Texas power crisis. Thus, although the most recent jurisdiction to pass retail restructuring was
more than two decades ago (Washington DC in 2000), implications are relevant to policy makers to
this day.

3. Borenstein and Bushnell (2015) provide a historical discussion of these changes.

4. Gradually, federal legislation incorporated competition into parts of interstate electricity markets, but today investor-
owned distribution utilities themselves remain regulated by individual states using a COS framework. This is still true in both
restructured and traditional COS states. While nuanced, it is important to note that even today in restructured states, cost of
service rates are still used for the upkeep of the distribution grid itself. Further, interstate transmission lines are regulated via
COS, but by the Federal Energy Regulatory Commission (FERC). While this research will broadly juxtapose “restructured
markets” and “cost of service (COS)” markets, in reality all U.S. electricity markets to this day are some hybrid between
competitive markets with COS components.

5. Of course, wholesale rates are passed onto retail customers in one way or another in other states as well. But these are
generally smoothed over time.

6. Average residential electricity usage in the U.S. in 2019 was 14,787 per year, or about 40.5 kWhs per day. At a price of
$9 per kWh, over four days a bill could theoretically amount to $1,458 assuming the customer pays only the wholesale price
(i.e. no transmission, distribution, or administrative charges).

7. “Texas electric industry financial crisis to grow as more costs surface,” Gary McWilliams, Reuters, March 4, 2021.
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Map 1: Map of State-level Restructuring Policies

[ Restructured
- Hybrid/Reversals
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We examine the effect of retail restructuring on end-use or retail customer rates and focus
on state-level electricity market restructuring reforms that enabled retail competition, not the
development of RTO markets explicitly.® Specifically, we conduct three empirical tests, all utilizing
a differences-in-differences research design. First, we will test for the effect of retail restructuring
on prices by customer class. Second, we will consider how retail restructuring affected relative
prices across customer classes, namely commercial and industrial relative to residential rates. Last,
we will examine the relationship between retail rates (by customer class) and natural gas prices
within restructured and non-restructured states to examine if prices are more responsive to fuel price
changes in retail-restructured states. We also implement an event study style analysis to both test the
parallel pre-trends assumption and examine the timing of any observed impact. Standard robustness
checks such as placebo tests, diagnostics of and robust inference of parallel trends tests, and tests
for other cofounding outcomes that could reveal threats to identification are also conducted. We will
also address recent methodological critiques of the two-way fixed effects difference-in-differences
approaches with variation in treatment timing (Goodman-Bacon, 2019; Sun and Abraham, 2021) by
employing a stacked regression robustness similar to Cengiz et al. (2019).

Importantly, and novel to this research, all empirical analyses are based on detailed
descriptions of each state’s restructuring timeline, including its transition period and date of full
retail-restructuring implementation. Properly identifying restructuring states and dates has been
a common critique of this literature, which we address seriously in this analysis. We carefully
research each state that passed restructuring legislation to understand the date that restructuring
began. Following the start of retail restructuring, we allow for a transition phase. This phase
starts with the opening of a competitive retail market. We define this phase as a transition because

8. Today, both restructured states and COS states participate in regional transmission organizations (RTOs). RTOs
are organized wholesale markets that (with the exception of Texas’ ERCOT) encompass multiple states. For instance, the
majority of the states in the Midcontinent Independent System Operator (MISO) are COS states at the time of this writing.
Thus, even though there are power plants owned by regulated utilities that are still included in the rate base, these power plants
are dispatched through MISO. While not all states in an RTO have retail competition, all states that do have retail competition
are in an RTO. This research focuses on state-level electricity market restructuring reforms that enabled retail competition, not
the development of RTO markets explicitly.
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discounts and rate freezes were typical for customers transitioning to market prices. Following the
transition phase, we then define the date that full retail market access was attained for each retail-
restructured state. This phase is characterized by customers paying market-based prices by either
choosing their own supplier or through some aggregation mechanism.’ To summarize, we consider
treatment effects for (1) all restructured states post-restructuring inception, (2) transition period, and
(3) post-full retail market access attainment. To see the importance of considering these different
phases of restructuring, four states took ten or more years from the beginning to end of restructuring
implementation; the median state took seven years. Importantly, we also exclude hybrid states and
states that later reversed policies from both treatment and control groups, although we provide a
supplemental analysis of these states in the Online Appendix. We will show that properly identifying
treatment areas and timing has important implications for the results. We hope that this will benefit
future work aiming to properly identify state level policy changes.

This research will also consider plausibly non-random policy adoption and how this might
bias empirical observations. To do so, we first present a “naive” approach that simply estimates the
actual retail-price change in restructured and non-restructured states after restructuring took place
(i.e. standard difference-in-differences). This baseline estimate does not account for endogenous
policy adoption. Next, we present results using a synthetic control analysis (Abadie, Diamond,
Hainmueller, 2010; Abadie 2021) that compares electricity rates in restructured states relative to
non-restructured states with similar economic, political, and electricity market characteristics ex ante
to provide a more plausible counterfactual. Comparison of these two approaches provides insight
into whether non-random policy adoption is important in interpreting non-causal observations from
prior literature.

Also important, the time period of analysis extends from 1990 to 2019. Due to the long
lag time from when states passed laws, began the restructuring process, and implemented full
retail market access, this time period of almost three decades is necessary. While all states had
passed restructuring legislation by 2000, the median year that full retail market access was available
was 2007, with the most recent completion occurring in Pennsylvania in 2012.'° Early studies of
restructuring’s effect on retail electricity markets could not include any time observations post-full
retail restructuring implementation—our study overcomes this limitation.!!

We argue that this is altogether the most comprehensive analysis of state level restructuring
policies, arguably the largest state level change in electricity markets in the United States over the
past half century. This is the first analysis to consider non-random adoption utilizing ex ante state
level characteristics. A randomized control trial is unavailable in this context, and we can therefore
not rule out the possibility of a form of unobserved heterogeneity that would preclude results from

9. States implemented market-based aggregation mechanisms for customers that remained with the incumbent utility.
Examples include municipal aggregations, bidding programs, and auctions.

10. For comparison, the paper in the literature most similar to ours, Su (2015), does not take into account endogenous
policy adoption in the main empirical specification, utilizes a sample period from 1990-2011, a five-year window for the
transition period and does not differentiate these periods across states. To address potentially endogenous policy adoption, Su
(2015) does conduct a test for pre-trends in the difference in prices in COS and restructured states and includes a number of
controls into regressions including state fixed effects, generating capacity by primary fuel source by state, state level city gate
natural gas prices, and national oil and coal prices.

11. For example, Fabrizio et al (2007) considers formal hearing date, law date, and beginning of retail access, but the time
period of analysis is from 1981 to 1999, meaning not a single state had actually begun full retail market access during the time
period of analysis. Apt (2005) provides descripting analysis of trends across states with data from 1990 to 2004. Borenstein &
Bushnell (2015), a review article, compare average retail prices in restructured vs non-restructured states, utilizing data until
2012, but stated explicitly that these comparisons are not intended to be an exhaustive analysis of the drivers of retail prices.
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being interpreted as causal, although this is a challenge for inference utilizing state level policies
more broadly.

The remainder of the paper will move forward as if the reader is familiar with the history
and structure of the electric utility industry in the United States broadly and retail competition
policies specifically. A background of relevant information on the U.S. electricity regulation and its
history is provided in Appendix B.

1.1 Conceptual Framework

Although our contribution is empirical, not theoretical, we motivate our empirical questions
in prevailing theory. An extended discussion of the prevailing theory is provided in Appendix C.

In states with a COS regulatory regime, utilities recover prudently incurred costs plus an
allowed rate of return on capital. If the rate of return allowed by the regulator is too high, a monopoly
with COS-based rates has an incentive to overcapitalize (Averch & Johnson, 1962)—known as
“gold plating” or the “A-J effect” (Knittel et al., 2019).

As discussed in Appendix C, if the allowed rate of return is too high, retail restructuring
has two potential effects: (1) moving to a less capital-intensive production process can create
efficiency gains, (2) moving the price closer to the competitive market price can transfer welfare
from producers (i.e. utilities) to consumers (i.e. ratepayers). However, economic gains from retail
restructuring might not be possible (or undetectable empirically) if state regulators had effectively
set the allowed rate of return equal to the market cost of capital. Whether retail restructuring is
effective at reducing electricity rates paid by customers is the first empirical question addressed in
this research.

A second implication of the A-J model is that a firm has an incentive to enter into other
markets—even if the cost of doing so exceeds revenues in the long run—because expanding into
other markets enables the firm to inflate its capital expenditures and increase overall profits. Known
as the “multi-market” case, it implies that one market is used to subsidize the other and might also
be applicable to customer rate classes in this context.

When a regulator establishes rates across customer classes, the share of the costs incurred
in serving each class (residential, commercial and industrial customers) is important. Consider ¥y,
as the true value of the share of costs associated with customer class ¢ where Z/c =1. In words,
the share of costs allocated all rate classes sums to one. Consider 7//: as the regulator’s estimate of
v. for each customer class.'” If regulators are successful in setting 7//: =y, Ve, then there will not be
cross subsidization across customer classes. But in the case where }//? #7v,Vc, one customer class
will subsidize another. For example, regulators typically allocate a larger share of costs to residential
customers to account for the investment required to distribute electricity to many individual
customers, whereas industrial customers—who purchase larger quantities of electricity—impose
lower costs per kWh on the utility. If the residential customer class accounts for an even larger share
of the cost than set by the regulator, y,,, <v,,,, it is possible that industrial customers might subsidize
residential customers even if the industrial electricity rate is lower. The converse is also possible.
Because regulators are appointed (or elected) through political processes, critiques of COS based
regulation have claimed that these relative rates can also be influenced by political factors.

If retail restructuring is implemented and a customer can now procure power from a
third party, two things might happen. First, in a competitive market, customers in a class paying

12. See Appendix B for more clarity.
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a proportionally larger share of costs will be incentivized to procure lower-cost power from a
different supplier. Second, the restructured utility may then have an incentive to set 7//: =y, toreduce
customers’ incentives to obtain power from another seller. In this way, retail restructuring might
reduce cross-subsidization between rate classes, therefore changing relative rates between classes.
Whether retail restructuring changed relative rates between customer classes is the second empirical
question addressed in this research.

The extent to which retail market restructuring has increased the response of electricity
prices to fuel costs is the third empirical question addressed in this research. A number of studies
have investigated fuel costs pass through to retail rates, finding mixed results (Whitworth and
Zarnikau, 2006; Knittel et al. 2019; Ohler et al. 2020)."3

Also pertinent to our empirical analysis, during periods in which rates in restructured and
COS states diverge, due to differences in rate design or by economic factors outside of the regulatory
structure, political sentiment might tilt towards whichever regime (COS or restructuring) might
offer the lowest price at that time (Borenstein & Bushnell, 2015). Our synthetic control approach
will address this by comparing restructured states to a weighted average of COS states with similar
economic, political, and electricity market characteristics ex ante.

1.2 Literature

We present a concise review of the literature on electricity market restructuring. While we
present six broad categories of research, our research specifically addresses the first three, namely,
the impact on retail prices, cross-subsidization across customer classes, and fuel cost pass-through
to rates. Although prior research has examined retail electricity market restructuring in different
countries (e.g. Ganev, 2009; Pineau & Hémadldinen, 2000; Outhred, 1998), this literature review will
largely focus on U.S. electricity markets.

1.2.1 Retail Restructuring and Retail Prices

To date, the literature on restructuring’s impact on retail rates has been mixed. Joskow
(2006), Swadley & Yucel (2011), Su (2015), Ros (2017), and Hartley et al. (2019) find that
restructuring led, in some instances, to decreases in electricity prices for final customers, while
Showalter (2007), Tierney (2007), and Borenstein & Bushnell (2015) all point out that electricity
prices actually increased in restructured states relative to COS states after restructuring.

Borenstein & Bushnell (2015), which provides a comprehensive review of the U.S.
electricity industry, observes (consistent with this research) that prices increase in regions with
restructuring post restructuring, and that this increase is coincident with natural gas price increases.
But the review article explicitly highlights that this observation is not intended to be an exhaustive
analysis of the drivers of retail prices and cites prior analyses that utilize data during the early years
of retail restructuring (Apt 2005; Taber et al. 2006). Our analysis aims to fill this gap in the literature
called for in this review article. Hartley et al. (2019) also observe a similar pattern juxtaposing
restructured vs. non-restructured regions within Texas, but do not consider effects across states.

1.2.2 Cross-Subsidization across Customer Classes

Several studies also focus on the potential for cross-subsidization across rate classes and
potential implications of retail restructuring policies on class cross-subsidization. Using micro-data

13. Specifics discussed in the literature review below.
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from customer bills, Dormady et al. (2019) find that retail restructuring has shifted the financial
burden towards residential customers in Ohio. Nagayama (2007) and Erdogdu (2011) consider
cross-subsidization but focus on a panel of countries, in lieu of U.S. states as is the focus of this
analysis. Nagayama (2007) find that there was a tendency for prices to rise, while Erdogu (2011)
findings imply that reform had different impacts in different countries, which supports the idea
reform prescription for a specific country cannot easily and successfully be transferred to another.

1.2.3 Fuel Cost Pass-Throughs

Kanittel et al. (2019) find that electric power producers were more responsive to fuel prices
in vertically integrated markets than in restructured markets but does not conduct similar tests for
prices paid by customers. Results from Ohler et al. (2020), on the other hand, do not support the
view that restructuring increased the integration between input costs and electricity prices.

Hartley, Medlock & Jankovska (2019) utilize bill data from Texas finding that residential
customers benefited from retail choice and note that these benefits were likely facilitated by the
fall in natural gas prices that occurred post restructuring in Texas.'* In other words, it was the pass-
through of generation costs facilitated by restructuring that allowed customers to reap the benefits of
lower natural gas prices. Whitworth and Zarnikau (2006), also focusing on Texas, reached a similar
conclusion regarding natural gas fuel cost pass-through to restructured regions.

1.2.4 Generation Plant Level Efficiency

A related literature on plant-level efficiency also finds mixed results in restructured regions
relative to COS regions. For example, some studies find no improvements in fuel (thermal) efficiency
(Fabrizio et al. 2007; Knittel et al. 2019), while others find small but significant thermal efficiency
improvements in restructured regions (Bushnell & Wolfram, 2005; Zhang, 2007; Sharabaroff et al.,
2009; Craig & Savage, 2013; Chan et al., 2017; Doyle & Fell, 2018)." Efficiency improvements are
not explicitly considered in this analysis, but if present these plant level efficiency improvements
could pass through to ratepayers in the form of bill savings.

1.2.5 Regional Transmission Organizations

While not the specific focus of this research, the creation of regional transmission
organizations (RTOs)' in the restructuring era has been shown to reduce transmission congestion
externalities (Kleit & Reitzes, 2008; Wolak, 2011; Mansur & White, 2012) and create gains from
trade due to better matching of buyers and sellers (Mansur & White, 2012; Kury, 2015). Kury
(2013) finds that only fully restructured states experienced significant retail price decreases in RTO
regions.

In contrast to wholesale restructuring’s transmission benefits, the literature on overall
wholesale market performance finds that market power persists in the short run in RTO electricity
markets (Borenstein, 2002; Borenstein et al., 2002; Joskow & Kahn, 2002; Wolak, 2003; Bushnell,

14. Full retail access began in 2007 in Texas, while natural gas prices drop precipitously in 2009.

15. Efficiency improvements are not limited to fuel efficiency, studies find restructuring reduced labor and non-fuel
expenses (Fabrizio et al. 2007), reduced generator outages (Davis and Wolfram 2012), and reduced fuel costs for coal
plants (Cicala 2015, He and Madjd-Sadjadi 2016, Chan et al. 2017), but not gas plants (Cicala 2015, Doyle and Fell 2018).
Restructuring also reallocated production from less economic to more economic generators (Knittel et al. 2019), reduced
capacity factors of coal plants (Chan et al. 2017) and lowered excess capacity (and fuel-price sensitivity) of the most efficient
gas plants (Knittel et al. 2019).

16. See Appendix B for a description of RTOs and how they can interact with state level restructuring policies.

Copyright © 2024 by the IAEE. All rights reserved.



62 / The Energy Journal

2004; Puller, 2007; Bushnell et al., 2008; Hortacsu & Puller, 2008; Mansur, 2008). Structural
characteristics of electricity markets—supply constraints in peak conditions and inelastic demand—
can lead to the exercise of horizontal market power, resulting in higher prices than found in purely
competitive markets. In the event that market power is exacerbated by restructuring, this could
increase rates for customers and shift rents towards utilities.

1.2.6 Endogenous Policy Adoption

Prior academic literature has tested for the non-random adoption of retail electricity market
restructuring, finding electricity prices and political influence are predictive of restructuring (Craig,
2016)."7 Related literature on renewables portfolio standards (RPSs) has also shown that political
and economic factors can impact a state’s decision to implement statewide electricity market policies
(Ming-Yuan et al., 2007; Chandler, 2009; Lyon and Yin, 2010; Fowler and Breen, 2013; Upton and
Snyder, 2015) and that taking this non-random adoption into account has important impacts on
empirical results (Upton & Snyder, 2017). For this reason, we will consider variables known to
impact policy adoption in creation of our synthetic control analysis.

2. DATA

We utilize a panel of 48 continental states plus Washington DC from 1990 to 2019.'8
Ideally, we would like to be able to consider utilities in lieu of states, but this is not possible given
the constraints of the data.!” Outcome variables include state-level average electricity prices by
customer type including residential, commercial, and industrial customers (U.S. Energy Information
Administration (EIA)).?° Synthetic control groups are constructed using data on the number of
members of state house and senate by political party, the political party of the governor, gross
state product, mining and manufacturing gross state product, the share of industrial and commercial
customers and the percent of generation capacity within the state that comes from natural gas.?!
State-level renewable energy generation and gasoline consumption are used as additional outcome
variables to address whether potentially cofounding factors can preclude results from being

17. Kanittel (2006) examines the adoption of state electricity regulation around the beginning of the 21st century also,
finding that adoption was positively correlated with capacity shortages, greater wealth and lower residential electricity
penetration rates.

18. For our baseline specification, we exclude seven states from this analysis that have either reversed restructuring or
have “hybrid” approaches to restructuring. More details on this provided below, but we do consider these states in robustness
analysis.

19. This would provide several empirical benefits. It would increase statistical power due to more treated and non-
treated units. It would also allow more flexibility in choosing a control group of utilities and conduct robustness checks
with alternative control groups. Considerable effort was spent constructing utility level data from EIA Form 861. Upon
construction it was revealed that while the “bundled” (full-service energy and delivery) data are shown by utility, the retail
energy provider numbers are for the entire state only. Therefore, we can identify bundled service by utility, but we do not know
which utility service territory the total energy and delivery from retail energy providers is being delivered (the survey form
only asks energy providers to provide their state totals). Depending on the utility, this would leave out a significant amount of
power sold to retail customers if we only used bundled service data. This was verified by personal communication (via email)
with Lori Aniti, Energy Economist, U.S. Energy Information Administration, Office of Energy Analysis, July 2021.

20. Electricity prices, retail sales in MWh, and retail sales in dollars, were collected from EIA Form 861 at both the state
and utility level for 1990 to 2018.

21. Following Kaul et al. (2022), we use the average of pre-intervention outcomes and covariates in constructing the
synthetic control group.
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interpreted as causal. State-level population is used to normalize many of these variables for
appropriate cross-state comparisons. See Abadie (2021) for a synopsis of synthetic control analysis.

The variables used to construct synthetic controls were collected from four sources. Political
data on the number of Democrats and Republicans in each state’s legislature and the party of the
governor were collected from Klarner (2019). For all statistical results, the Democratic members of
both the House and the Senate as a percent of the total members of both bodies are used. Data on
the gross state product and the mining and manufacturing gross state products were collected from
the U.S. Bureau of Economic Analysis.” The share of load consumed by commercial and industrial
customers (Form 861) and the generating capacity share from natural gas (Form 860) are from the
EIA.

We utilized the EIA’s state-level estimates of renewable energy generation (kWh) from all
major renewable energy sources including geothermal, biomass, solar thermal and photovoltaic,
wind and wood derived fuels.?* While the main purpose of retail restructuring policies was not
increasing renewable energy penetration, this is a testable hypothesis.

We will also utilize data on cooling degree days (CDDs), computed by the National Weather
Service’s Climate Prediction Center. CDDs are the positive differences in the mean temperature
above a 65°F base. For example, if a mean temperature of 68°F is recorded on a given day, that day
would be recorded as three CDDs. The annual number of CDDs is simply the summation of daily
values over the course of the year. Mean temperatures are based on observations from individual
weather stations located across the country.

Demand for motor gasoline is obtained from the EIA’s Prime Suppliers Sales Volumes.**
Prime suppliers are defined as a firm that produces, imports, or transports selected petroleum
products and sells the product to local distributors, local retailers, or end users. Data are based on
Form EIA-782C.

The population of each state in each year was used to normalize variables on a per capital
basis where appropriate. Population data were collected from the U.S. Centers for Disease Control’s
(CDC) National Center for Health Statistics and are estimates of the population of each state as
of July 1 of a given year. The data are estimated jointly by the CDC and the U.S. Census Bureau.
Summary statistics for all variables used are presented in Table 2.

2.1 Definition of Retail Restructuring

Proper identification of the timing and categorization of state level policies has been a
common critique to this literature which we take seriously in this analysis. No two states implemented
retail restructuring identically. Therefore, properly identifying states that implemented restructuring
and the timing are crucial for the empirical specification. Table 1 shows our definition of state-level
restructuring.

We will consider each state’s path to restructuring by two key phases. The first phase is
the beginning of the restructuring transition. This phase starts with the opening of a retail market
for competitive electricity suppliers to make offers to retail customers. We define this phase as a

22. Data from 1997-2013 are chained in 2012 dollars, data from 1990-1996 are chained in 1997 dollars and inflation
adjusted to 2012 values.

23. State-level renewable energy generation is collected from the EIA’s “Net Generation by State by Type of Producer by
Energy Source” report, based on Forms EIA-906, EIA-920, and EIA-923 for 1990-2019.

24. State-level motor gasoline data are based on Form EIA-782C for 1990-2018, prime suppliers are defined as a firm
that produces, imports, or transports selected petroleum products and sells the product to local distributors, local retailers, or
end users.
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Table 1: Preferred Retail Restructuring Definition

State Passage Date Retail Restructuring Transition Begins Full Retail Market Access Begins
CT 1998 2000 2007
DE 1999 1999 2006
DC 2000 2001 2005
IL 1997 1999 2007
ME 1997 2000 2000
MD 1999 2002 2008
MA 1997 1998 2005
NH 1996 2001 2006
NJ 1999 1999 2004
NY 1996 1998 2011
OH 1999 2001 2011
PA 1996 1999 2012
RI 1996 1997 2008
TX 1999 2002 2007

Notes: The restructuring transition begins date indicates the date at which a competitive retail market was opened for at
least some customers. Full retail market access begins indicates the year in all customers were subject to market pricing.
Our preferred definition excludes reversed restructuring states, including AZ and CA, and hybrid restructuring states,
including MI, MT, NV, OR, and VA.

transition because it was often characterized by across-the-board discounts—usually based on the
existing regulated price—and a rate freeze for customers transitioning to market prices. The second
phase is when the restructuring transition ends. This phase is characterized by customers paying
prices based on market prices. Several recent multi-state longitudinal studies such as Su (2015)
and Ros (2017) have used EIA’s Status of Electricity Restructuring reports to determine the year of
restructuring. But this report is based on the passage of legislation, rather than when the legislation
was implemented. To see why this is problematic, Dormandy et al. (2019) for instance, highlight that
Ros (2017) codes Ohio restructuring beginning in 2001, with the panel ending in 2009. But Ohio’s
tariff mechanism that permitted customer switching coincided with the passage of Senate Bill 221 in
2008. Ours is the first analysis to specifically research each state to identify both the passage date of
initial retail restructuring, but also the time it took for restructuring to be fully implemented.

We exclude seven states from our baseline analysis that have either reversed retail
restructuring or have “hybrid” approaches to restructuring. We define reversed restructuring states
as those that passed and subsequently repealed restructuring legislation—Arizona and California.
We define hybrid states as those that did not extend full retail market competition to all customer
groups—applicable to Michigan, Montana, Nevada, Oregon, and Virginia. Because reversed and
hybrid states are excluded from both the treatment and control groups in our baseline analysis, our
sample includes 42 territories.”> We will conduct additional robustness checks that consider hybrid
and reverse states.

3. EMPIRICAL STRATEGY
3.1 Event Study
We begin with an event-study style equation:

P,=a+ Ziq o,Rest,  +y +y +&, (D

25. All continental U.S. states plus Washington DC less states that either reversed restructuring or implemented hybrid
policies.
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where P, is the average electricity price in state s, in year t. Electricity prices are presented by
service class and will include residential, commercial, and industrial average electricity prices.
Average electricity prices are defined as the total revenues received from these customer classes
divided by the electricity used (kWh). y_and y, are state and year fixed effects that nonparametrically
control for national trends in outcomes of interest. The variables Rest, , is an indicator variable for
whether the state had passed retail restructuring reforms by that year. s are separate indicators
for each year t relative to the beginning of restructuring where t=0 in the year that restructuring
legislation is passed. They range from —7 to 17, taking into account the earliest and latest adopters
(i.e. 1997 and 2002) alongside the sample time frame (i.e. 1990 to 2019). Restricting the treatment
period in this way eliminates the potential role played by the differences in composition of states
identifying various o,’s. For states that never implemented restructuring, all Rest, , are set equal to
zero. As non-adopters, they do not play a role in the estimation of o, but they aid in the estimation
of year fixed effects, y, as well as the constant, a.. The event study will be implemented using both
the non-adopting states as well as the synthetic states made up of non-adopting states with similar
ex ante characteristics, that will be discussed further below.?®

We will present event-study figures that plot the estimated o,’s against t. These figures
provide an opportunity to visually assess trends in the outcome variables prior to retail restructuring
passage, which aids in assessing the validity of the remainder of differences-in-differences results.
The event-study figures also demonstrate the timing of the effect. Of particular interest in this
context, implementation of full retail market access took years in many instances. Thus, perhaps
effects immediately after passage, i.e. during the transition period, are different than longer term
effects.

3.2 Difference-in-Differences

Equation (2) illustrates the difference-in-differences estimation strategy that will be utilized
for the remainder of empirical tests.

P, =a+0Rest,+y +y, +¢, 2)

Where again P, is the average electricity price in state, s, in year t. Rest, is an indicator
variable for the time periods after retail restructuring was implemented in each treated state. The
treated states and the corresponding years of treatment for each state are presented in Table 1. State-
level fixed effects, y,, and time fixed effects, y,, are included in all regressions, absorbing the effect
of the restructured state and post-restructuring indicator variables. Standard errors are clustered at
the state level as recommended by Bertrand et al. (2004). The time period of the analysis is from
1990 to 2019.

As shown in Table 1, there were significant lags in when the restructuring process began
and full retail-restructuring implementation occurred. To account for this, we modify equation (2) to
separate test for the effect during the transition period and post-full implementation:

P, =a+oTransition, + 6,Full Imp, +y +y, +&, (3)
Where Transition, is one during the transition period and zero before and after post-full

retail-restructuring implementation and Full Imp ,is one post full retail-restructuring implementation

26. This event study approach is similar to Greenstone & Nath (2020) that analyzes state level renewable portfolio
standards on retail prices.
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and zero in all years pre-full implementation. J, and &, are the coefficients of interest and represent
the treatment effect during the transition and full implementation.

We present two sets of empirical estimates which utilize this difference in differences
framework. First, as a baseline, we use the 14 territories (13 states plus Washington DC) that did
restructure as the treatment group compared to the 28 states that did not restructure as the control
group. The estimated 6 provides the change in total, residential, commercial, and industrial electricity
prices in restructured states relative to non-restructured states after policy adoption—but does not
address endogenous adoption of policies. We purposely do not include any control variables in
this baseline specification to provide a descriptive analysis of what occurred in restructured states
relative to COS states after implementation. A comparison of state-level point estimates to the
synthetic control estimates discussed below provide insight into the importance of addressing the
endogeneity of implementing restructuring.

Next, we will test for potential impacts on relative rates between customer groups. We
empirically examine the potential for cross subsidization between customer classes by modifying
Equation (2), including the log price-differential between residential and commercial and industrial
customers as the dependent variable in our difference-in-differences model.

Importantly, we will consider three treatment time definitions discussed in Section 2.1.
Specifically, we will consider all post treatment which includes the beginning of retail restructuring
through the end of the sample. We will then estimate separately the effect of the transition period
and post full retail market access.

3.3 Choosing a Control Group

Given that policy adoption is not randomly assigned to states (Craig, 2016; Guerriero,
2020), we will construct a synthetic control state for each treated state that will be utilized in the
empirical tests. The synthetic controls are created by taking a weighted average of non-treated
units, so in this application each synthetic state will be constructed as a weighted average of the 28
states that have similar pre-treatment characteristics to the treated states, but that did not undergo
any restructuring.”’ The idea behind this approach is that a combination of states might provide a
better comparison to the treated states post restructuring than any single state (Abadie, Diamond,
& Hainmueller, 2010). State level restructuring policies is an ideal application of synthetic control
methods because we are interested in estimating the treatment effect of a policy intervention on
aggregated units (i.e. U.S. states).

Economic characteristics used to construct synthetic controls (SCs) include total gross
state product (GSP) per person, GSP per person associated with manufacturing and GSP per person
associated with mining. Political characteristics include the percent of the state legislature that is
affiliated with the Democratic Party as well as an indicator variable for whether the governor of
the state is a Democrat. We consider the total share of the total electricity consumption in the state
associated with commercial and industrial customers (with the residual share approximately being
residential electricity demand) as well as the share of generating capacity by state from natural gas,
the marginal fuel source. Importantly, synthetic controls are created ex ante to policy passage, and

27. More specifically, synthetic control groups are made by choosing a W that minimizes \/(Xl - XOW)’V(Xl —XOW)
where X is a vector of pre-intervention characteristics for the exposed regions (or treatment group) and X, is a vector of pre-
intervention characteristics of non-exposed regions (or control group). Following Kaul et al. (2022), we use the average of
pre-intervention outcomes as covariates in constructing the synthetic control. W is a (Jx1) vector of positive weights that sum
to one. V is some (kxk) symmetric and positive semidefinite matrix.
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so any endogenous impact of retail restructuring on any of these factors used to construct SCs will
not impact empirical results.

The difference in outcomes (prices) in the synthetic states compared to the restructured
states will provide an estimated treatment effect. We will pool all restructured states and synthetic
states into one regression and estimate the treatment effect using the difference-in-differences
framework shown in Equation (2). This will provide the average treatment effect of retail restructured
compared to synthetic non-restructured states for each outcome of interest—electricity prices for
each customer class. Average electricity prices in treated states relative to their synthetic controls
are presented in Appendix Figure Al. Robustness checks will show restructured states relative to
synthetic controls alongside randomly assigned placebo intervention on non-treated states relative
to synthetic controls.

3.4 Potential Mechanisms

We explore two potential mechanisms for the result that electricity prices generally
increased in restructured states post retail restructuring. First, we explore whether renewable
energy generation growth was higher in retail-restructured states. Second, we explore whether retail
electricity prices were more sensitive to natural gas prices due to restructuring policies.?®

3.4.1 Renewable Energy Generation

Retail choice can enable customers to choose to purchase renewable energy, typically for
a small premium on their electricity bill. The customer’s choice to procure renewable energy will
ensure that system wide, that amount of renewable energy will be produced and therefore used.
Thus, it is possible that retail restructuring has both increased electricity price and renewable energy
generation through this channel.

While not specifically focusing on restructuring policies, in the academic literature,
renewable energy policies have been associated with higher electricity prices (Upton & Snyder,
2017; Young & Bistline, 2018; Greenstone & Nath 2020). If retail restructuring has impacted
renewable energy generation, this could be one channel through which retail rates can be impacted.
In fact, all restructured states also implemented renewable portfolio standards (RPSs) and many
restructured states are part of the Regional Greenhouse Gas Initiative (RGGI).”

As a robustness check, we re-run our baseline specification testing the effect of retail
restructuring on renewable energy generation per person, as this is one mechanism through which
restructuring might have impacted retail rates. Point estimates suggest that that renewable energy
generation decreased in fully restructured states, albeit results are statistically marginal. This suggests
it is unlikely that renewable energy growth is driving the observed electricity price increases in
restructured states.

3.4.2 Natural Gas Price Sensitivity

Prior analysis has shown that electricity prices generally increased in the post-retail
restructuring era. But retail restructuring happened to generally coincide with an increase in
natural gas prices nationally. The evidence from Figure A2 suggests that the restructured states

28. A third potential mechanism is the effect of restructuring on market competition. We were unable to devise a specific
empirical test that we felt adequately tested for the effect of restructuring on market power, and leave this for future research.

29. RGQGI is the United States’ only multi-state carbon cap and trade program. RGGI states include Connecticut,
Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, and Vermont.
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experienced higher sensitivity to natural gas prices. Further, comparing the event studies in Figure
1, the difference in electricity prices in restructured and non-restructured states is not statistically
different in the latter years of the sample; i.e. from about 12 years post-restructuring to the end of the
sample. Together, these figures suggest that retail electricity prices were more responsive to natural
gas prices due to retail restructuring.

All prior analyses control for natural gas prices, to the extent that prices vary consistently
across time and states, through the inclusion of state and year fixed effects. But the price that electric
power producers pay can vary across both time and states due to factors unrelated to restructuring
policies. For instance, pipeline constraints and relief of those constraints have been shown to create
spatial and temporal deviation of hydrocarbon prices from benchmark prices for both oil and natural
gas (Plante & Strickler, 2019; Agerton & Upton, 2019; Walls & Zheng 2020; Agerton, Gilbert &
Upton, 2020).

Ideally, a yearly panel of natural gas prices paid by electric power producers by state would
be available over the sample time period of this analysis, i.e. 1990 to 2019. Unfortunately, this is not
available. The closest data set that is available includes natural gas electric power prices across states
and years, but this data is imperfect for two reasons.* First, the data is only available from 1997.
The earliest state, Rhode Island, had already begun restructuring at the that time, and therefore no
pre-treatment data would be available. All states that would implement restructuring had begun the
process of transitioning by 2002, as shown in Table 1.

Second, this dataset has missing information. For example, Texas data is complete, showing
yearly observations from 1997 to 2019. But Connecticut, another restructured, state has missing data
for the years 2000, 2003, and 2004. On the other end of the spectrum, Delaware data is not available
after 2002.

While imperfect, we will utilize this data to test whether electricity retail prices became
more sensitive to changes in natural gas prices due to restructuring. To do so, we first regress natural
gas price sold to electric power producers on state and year fixed effects.

NGP, =y, +y,+¢&, “)

We then obtain NGP,, and replace all missing values of NGP, with ]@ In doing so, we
create a balanced panel of 50 territories over 23 years, totaling 1,150 observations. Of these, 379
values are predicted, making up about one third of the sample. We then modify equation (2) and (3)
to include restructuring interacted with natural gas prices as shown in (5) and (6):

P, =a+nRest, +5(Rest, x NGP, )+ §((1-Rest, )xNGP, )+ X, B+y, +7,+&, (5)

P, = a+n,Transition, +n,Full Imp_, + 5, (Transitionst xNGP, ) + &, (Full Imp, x NGP,)
(6)
+$((1-Rest, )xNGP, )+ X,B+y, +7,+&,

These equations interact restructuring with natural gas prices to test for whether prices in
restructured states are more sensitive to natural gas price changes post restructuring. We include
control variables, X, including the share of electricity generating capacity from natural gas, the

renewable energy generation (in kWh per person), and the cooling degree days (CDDs).*! Because
approximately one third of the data from NGP, is predicted values from equation (4), standard errors

30. U.S. Energy Information Administration Natural Gas Electric Power Price.
31. See data section above for variable descriptions.
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are bootstrapped. If retail restructuring policies increased the sensitivity of retail electricity prices to
natural gas prices paid by electric power producers, we anticipate for d>¢.

3.5 Robustness Checks

‘We next conduct robustness checks.

3.5.1 Hybrid/Reversal States

In our baseline specification, we removed seven states that either implemented what
we consider a “hybrid policy” or decided to reverse a retail restructuring policy. We argue that
removing these states is important to clearly identify treated and non-treated units which serve as the
foundation of our analysis. But, as an additional robustness check, we examine the impact of retail
restructuring on these hybrid/reverse states relative to both non-restructured states and SCs. We will
implement an event study using both control groups and by customer class for hybrid/reversal states.

3.5.2 Placebo Treatment

Similar to Abadie, Diamond & Hainmueller (2010), Abadie and Gardeazabal (2003) and
Bertrand Duflo, and Mullainathan (2004), we next implement placebo studies by applying the
synthetic control method to states that did not implement retail electricity market restructuring.
Specifically, we employ two placebo tests. First, motivated by Bertrand Duflo, and Mullainathan
(2004), we randomly assign treatment to states across the years of actual treatment for the policies
(i.e. 1998 to 2002). Next, we construct synthetic states for the 28 non-restructured states as a
weighted average of other untreated states. We estimate a pooled treatment effect using Equation (2)
and expect that these treatment effects will be randomly distributed around zero.

3.5.3 Bias from Staggered Treatment Adoption

Recently methodological critiques of the two-way fixed effects difference-in-differences
approaches with variation in treatment timing have become prevalent in the literature, imploring
additional robustness checks. Goodman-Bacon (2018) has shown that with staggered treatment
adoption—applicable in our analysis as states restructured at different points in time—standard
two-way fixed effects estimators produce a variance-weighted average of all possible difference-in-
differences estimates. With treatment effect heterogeneity, either across states or over time, estimates
can be biased as early treated states may serve as an effective control state for later treated states.
Sun and Abraham (2021) have shown that results can even be of the opposite sign if early treated
states’ restructuring outcomes changed over time.

To address this potential bias, we employ a stacked regression similar to Cengiz et al.
(2019), where we align event study datasets for when each state implements restructuring in relative
time to eliminate the possibility that early treated states are utilized as controls for later treated states.
For each state that undergoes restructuring in a particular year we define a group, g, and create a
unique dataset that consists of that group of states that restructured in each year, and control states
from states that never restructured. We assign a 24-year estimation window (t= —7 to t=17), stack
datasets in relative time, and estimate and average treatment effect of retail restructuring across all
restructured states. Our estimating equation is:

P,=a,+Y. ol[t-Rest,=k|+y,+7,+&, (7

&
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where P, is the average electricity price in the group of states g, implementing restructuring in year
1.y, and y,, are group and year fixed effects. The variable Rest,, is an indicator variable for whether
a state passed restructuring reforms in year ¢, and 1 [t—Restﬂ = k] indicates a state is k years away
from restructuring.

3.5.4 Falsification Outcomes

Next, we implement two falsification tests. We estimate a treatment effect on two outcomes
that we do not expect to be impacted by retail electricity market restructuring. First, we estimate
a treatment effect on state level cooling degree days (CDDs). While CDDs are commonly used to
predict electricity demand, CDDs are a function of the weather and therefore state level policies
should have no impact on future weather (in that state). If we find that policy adoption leads to
changes in the weather, we will have reason to be concerned.

While the SC approach can account for observable factors that impact non-random policy
adoption, this approach is imperfect in that it does not control for unobservable factors that can
simultaneously impact the choice to restructure and outcomes of interest, potentially biasing results.
For this reason, we implement a second falsification test to address the extent to which unobservable
factors are plausibly driving results of the SC analysis. Specifically, the second falsification test
outcome is state-wide demand for motor gasoline. This is chosen because it is an alternative form
of energy demand that should not be impacted by retail electricity market restructuring but might be
impacted by unobserved shocks that would simultaneously impact policy adoption and the outcomes
of interest.

4. RESULTS
4.1 Summary Statistics

Summary statistics for the treatment and control groups pre- and post-2002 are shown in
Table 2. We choose the date 2002 (for discussion purposes only) as this was the latest date for which
a state began the restructuring process. We show averages for electricity prices by customer class (the
four outcome variables of interest) and the three other outcome variables used in various mechanism
and robustness specifications (renewable energy generation, CDDs, and gasoline demand).

A simple look at the average percent change in prices in the two groups pre- and post-2002
in Table 2 reveals relatively little change in average prices in the two groups. Average prices increased

Table 2: Summary Statistics

Treatment Group Control Group
Pre Post Percent Post Percent % Change Treatment

State-Level Electricity Prices 2002 2002  Change Pre2002 2002  Change -% Change Control
Total (cents/kWh) 852 11.90 40% 5.80 8.08 39% 0.4%
Residential (cents/kWh) 10.18  13.85 36% 7.11 9.86 39% —2.6%
Commercial (cents/kWh) 877 11.56 32% 6.28 8.38 33% -1.6%
Industrial (cents/kWh) 6.27 8.91 42% 4.23 5.87 39% 3.3%
Additional Outcome Variables
Renewable Energy Generation Per Person 1,738 1,976 14% 4,100 5,365 31% -17.2%

(kWh/year)
Cooling Degree Days 776 900 16% 1,121 1,228 10% 6.4%
Gasoline Consumption Per Person 1.21 1.12 7% 1.38 1.32 —4% -3.1%

(gallons/person/day)
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by 3.38 cents per kWh, or about 40 percent, in the treatment group, and 2.28 cents per kWh, or 39
percent in the control group. What is also noticeable is that states that would later restructure had
higher prices in the pre-restructuring era. Thus, a simple examination of these summary statistics
does not show evidence that retail restructuring policies were effective at reducing electricity prices.

Restructured states have less renewable energy generation per-capita both pre- and post-
restructuring, and renewable generation per person grew at a faster rate in the non-restructured
states. Restructured states also experienced faster declines in gasoline consumption per capita than
non-restructured states.

Appendix Table A2 shows summary statistics for the treatment group, control group, and
hybrid/reversal states separately. Table A2 also shows summary statistics for the variables used to
construct synthetic controls namely: GSP per person, mining GSP per person, manufacturing GSP
per person, the party of the governor, the percent of the legislature that are Democrats, the share of
generating capacity from natural gas, the share of electricity sales to industrial customer, and the
share of sales to commercial customers. Focusing on variables used to construct SCs, treated states
had higher GSP per person than non-treated states. Treated states were also less mining intensive
than control states and had similar manufacturing GSP per person. Restructured states were also less
likely to have a democratic governor in the pre-restructuring era, but slightly more likely to have
a democratic legislature. Restructured states also had a higher share of generating capacity from
natural gas than non-restructured states.

4.2 Synthetic Control (SC) Trends

Appendix Figure A2 graphically presents the synthetic control analysis, which compares
average electricity rates in restructured (treated) units relative to non-restructured (control) units
and synthetic control units with similar economic and political characteristics. Trends are shown for
average rates and by customer class; residential, commercial, and industrial. Also shown in Figure
A2 is the number of states that passed restructuring laws and the number of states for which retail
market access began over the sample period; these corresponding dates are listed in Table 1. Because
we remove all reverse and hybrid states from analysis, all fourteen states that pass restructuring laws
also eventually gain retail market access. Thus, by design the latter moves with a lag to the former.

Upon visual inspection, the first observation is that synthetic states and naive non-
restructured states have very similar trends in both the pre- and post-restructuring time period. This
will be confirmed with event study results presented below.

The second observation is that restructured states tended to experience an increase in
electricity rates relative to both the non-restructured states and synthetic controls (SCs) from 2005
to about 2009. Then, around 2010, the prices in restructured states began to converge with non-
restructured SCs. There is less evidence of this convergence for residential customers; this trend
break is most obviously observed for industrial customers.

Appendix Figure A3 compares the difference in treated and SC states with natural gas
prices. The difference in the price per kWh in restructured states and synthetic control states
(from Appendix Figure A2) is shown on the left vertical axis. From 1990 until the early 2000s,
the difference in prices between the two groups ranged from 2 to 3 cents per kWh, with states that
would eventually restructure having higher prices than the SC states. But when the price of natural
gas began to rise in the mid to late 2000s, the price of electricity in restructured states increased.
When natural gas prices dropped in 2009, the difference in electricity prices between restructured
and non-restructured states began to collapse. This is graphical evidence that retail customer prices
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more closely followed wholesale prices in restructured states. Figure A3 further shows these trends
for residential, commercial, and industrial customer classes.

4.3 Event Study

Figure 1 presents event study results.*> These event studies corroborate the broad
observations from Figures A2 and A3. Importantly, there is no statistically significant pre-trend
difference in prices in treated and control states in the pre-restructuring era and the event studies
look very similar using both the baseline and synthetic control groups. In fact, it is difficult to see
any difference in the two event studies.

Event studies also reveal information about the potential timing of restructuring on prices.
Specifically, analyzing both control groups, event studies show that electricity prices did experience
small but statistically insignificant reductions in retail prices for about two years after the policies
were passed. But beginning two years after passage until eight years post-passage, restructured
states experienced yearly increases in prices relative to controls. But then, the trend began to reverse
itself, and by approximately twelve years post-restructuring, prices in the treatment and control
groups were no longer statistically significantly different, and they have exhibited approximately a
parallel trend since. Thus, the event study reveals that restructuring states did experience increases
in prices in the post-restructuring years, but these prices have since re-converged.

These event studies motivate the potential importance of considering the phases of
restructuring and motivate a test for the mechanism for this price increase, namely increased
sensitivity to natural gas prices, that will be presented in subsequent analyses.

Figure 1: Event Study—Effect of Retail Restructuring on Retail Electricity Prices
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4.4 Difference-in-Differences (DD) Results

Main regression results are presented in Table 3. We present results for three definitions
of treatment effects. In Panel A we consider all years post-retail restructuring transition beginning
as defined in Table 1 (see equation (2)). In Panel B, we separately consider the transition and full
implementation, also shown in Table 1 (equation (3)).

32. See Appendix Figures A4 to A5 for event studies broken down for each customer class.
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Table 3 includes eight columns of results. Columns (1)—(4) show results using the baseline
control group for all customers: residential, commercial, and industrial respectively. These results
provide a description of changes in prices pre- and post-retail restructuring. Columns (5)—(8) present
results using the synthetic control groups. In these regressions, we use the synthetic state for each
of the fourteen treated states.

Focusing on columns (1)—(4), we see that prices generally increased in restructured states
post-restructuring relative to non-treated states. We find a statistically significant 0.86 cent/kWh
increase associated with all post treatment time period shown in Panel A. We do not find evidence
of price changes between the two groups in the transition period shown in Panel B, with treatment
effects orders of magnitude smaller and statistically insignificant. Specifically, Panel B finds that
prices increased by 1.3 cents per kWh in restructured states post full implementation of retail
restructuring.

Next, focusing on columns (5)—(8), we make two broad observations. First, the magnitude
of the point estimates is smaller compared to the baseline control group. But second, the overall
conclusion and standard errors are similar. Focusing on all customer classes, we find that prices
increased by about 1.2 cents per kWh in restructured states relative to SCs once full retail access was
implemented: as shown in column (5) of Panel B.

Table 3: Estimated Treatment Effect of Retail Restructuring on Electricity Rates by
Customer Class

Baseline Control Group Synthetic Control Group

Total Residential Commercial Industrial ~ Total Residential Commercial Industrial
(1) (2) (3) 4) (5) (6) (7) (8)
Panel A: All Post Treatment

Treatment Effect 0.855%#%  0.647* 0.538%  0.771%% 0.714%%  (0.483 0.442 0.620%*
(0.295)  (0.338) (0.313) 0.262)  (0.299)  (0.352) (0.327) (0.256)

Panel B: Transition and Full Implementation

Treatment Effect x 0.185 -0.189 0.202 0.262 0.119 —0.228 0.136 0.106
Transition (0.220)  (0.258) (0.233) (0.180)  (0.213)  (0.263) (0.244) (0.180)
Treatment Effect x 1.264%%% 1.158%%* 0.744* 1.082%#* 1.124%%  (0.974** 0.653 0.975%*

Full Implementation (0.410)  (0.448) (0.439) (0.390)  (0.415)  (0.467) (0.448) (0.381)

Observations 1,260 1,260 1,260 1,260 840 840 840 840

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. State and year
fixed effects include in all regressions. Electricity prices in cents per kWh of electricity. Baseline difference-in-differences
specification uses non-restructured states as control group. Synthetic control specification utilizes synthetic states as con-
trols.

Next, Table 4 tests for the effect of retail restructuring on the relative change in prices
between customer classes. We consider the ratio of commercial and industrial to residential prices.
Focusing on the SC results in Columns (3) and (4), we find evidence that commercial rates increased
relative to residential rates during the transition period, but these do not persist into the longer term
once full retail access begins. Thus, we do not find evidence of long-run effects of retail restructuring
on electricity prices between rate classes.
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Table 4: Estimated Effect of Retail Restructuring on Relative Rates between Customer Classes

Baseline Control Group Synthetic Control Group
lo Industrial Io Commercial lo Industrial Io Commercial
Residential Residential Residential Residential
(1) (2) (3) 4)
Panel A: All Post Treatment
Treatment Effect 0.036 0.015 0.011 0.005
(0.023) (0.013) (0.009) (0.008)
Panel B: Transition and Full Implementation
Treatment Effect x 0.063** 0.049%3#:* 0.015 0.019%*
Transition (0.024) (0.016) (0.010) (0.009)
Treatment Effect x Full 0.020 -0.006 0.008 -0.005
Implementation (0.029) (0.016) (0.010) (0.009)
Observations 1,260 1,260 840 840

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. State and year
fixed effects include in all regressions. Electricity prices in cents per kWh of electricity. Baseline difference-in-differences
specification uses non-restructured states as control group. Synthetic control specification utilizes synthetic states as con-
trols.

4.5 Potential Mechanisms

4.5.1 Renewable Energy Generation

We next consider the extent to which retail restructuring policies might have facilitated
renewable energy generation growth.?* To do so, we simply implement our DD estimation strategy
utilizing renewable energy generation per person as an outcome variable. Results are presented in
Table 5.

Focusing on the SC specification, we find that renewable energy generation decreased by
about 696.6 kWh per year once retail restructuring was fully implemented. For perspective, the
average state produced about 6,948 kWh per person in the most recent year of data, 2019. We
do not interpret this that retail restructuring had a negative causal effect on renewable electricity
generation, per se, as we leave this question for future research. But this result does suggest that
increased renewable penetration is not a plausible mechanism driving electricity price increases
observed in restructured states.

4.5.2 Sensitivity to Natural Gas Prices

We next explore whether electricity prices responded more to natural gas price changes due
to retail restructuring. We present results for all four customer classes and with and without controls
utilizing the empirical specifications presented in equations (5) and (6). Results are presented in
Table 6. We note a few observations, focusing on Panel B which shows results of both the transition
period and full implementation.

First, we find generally insignificant effect of natural gas prices on retail prices in the non-
restructured states/time periods. Of the eight coefficients estimated, one is statistically significant at
the ten percent level. Point estimates, though, are consistently positive. For example, when controls
are included, we estimate that a $1 change in natural gas prices per thousand cubic feet (mcf) is
associated with a 0.039 cent per kWh increase in the electricity price.

33. Renewable energy is defined as hydroelectric, biofuels, wind, solar and geothermal.
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Table 5: Estimated Impact of Retail Restructuring on Renewable Energy Generation

Baseline Synthetic Control
All Post-Transition Transition and Full All Post-Transition Transition and Full
Beginning Implementation Beginning Implementation
(1) (2) (3) (4)
Panel A: Baseline Difference in Differences
Treatment Effect —742.7 362.7 -344.6 165.0
(604.7) (300.8) (243.3) (160.8)
Treatment Effect x Full -1417.8 —696.6%*
Implementation (850.0) (318.5)
Observations 1,260 1,260 840 840

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. State and year
fixed effects include in all regressions. RE/Pop is renewable energy generation per 1,000 people. Baseline difference-in-dif-
ferences specification uses non-restructured states as control group. Synthetic control specification utilizes synthetic states
as controls.

Table 6: Retail Restructuring and Sensitivity to Natural Gas Prices

Total Residential Commercial Industrial
(1) (2) (3) 4) (5) (6) (7) (8)
Panel A: All Post Treatment
Treatment x NG Price  0.279%%*  (0.280%%*  (0.225%%*  (0.231*%*  (.325%*%*  (327#*k*  (.302%** (.292%%*

9) (0.043) (0.054) (0.054) (0.065) (0.060) (0.050) (0.050) (0.066)
(1-Treatment) x NG 0.032 0.032 0.044 0.044 -0.002 0.001 0.021 0.023

Price (¢) (0.031) (0.032) (0.047) (0.046) (0.055) (0.040) (0.046) (0.033)
Controls No Yes No Yes No Yes No Yes
o-0 0.246%#*%  (0.248%** (. 181%**  (.186%**  (.327***  (.328%**  (281***  (.269%%*

0.043)  (0.062)  (0.050)  (0.61)  (0.051)  (0.044)  (0.052)  (0.063)

Panel B: Transition and Full Implementation

Transition x NG Price  0.208%* 0.194%* 0.145 0.139% 0.216%*  0.207***  0.227%%  0.209%*

51) (0.091) (0.081) (0.095) (0.079) (0.090) (0.078) (0.076) (0.094)
Full Implementation x = 0.340%%%  (0.354%%%  (.294%%%  (.309%%*  (0.420%*%*  0.430%** 0.368*%**  (.364**

NG Price (62) (0.073) (0.065) (0.010) (0.080) (0.072) (0.070) (0.067) (0.058)
(1-Treatment) x NG 0.038* 0.039 0.053 0.052 0.05 0.009 0.027 0.03

Price (¢) (0.042) (0.052) (0.060) (0.049) (0.060) (0.047) (0.040) (0.036)
Controls No Yes No Yes No Yes No Yes
0—0 0.170* 0.155%* 0.095 0.087 0.209%* 0.198%** 0.200%%* 0.179*

(0.089) (0.089) (0.080) (0.067) (0.090) (0.079) (0.083) (0.095)

00 0.302%%*%  0.315%%*%  0.243%**  0.257*%%*  0.413%*%*  0.421%**%  0.341%**  (.334%%*
(0.088) (0.066) (0.086) (0.072) (0.068) (0.058) (0.072) (0.062)

Observations 1,104 1,104 1,104 1,104 1,104 1,104 1,104 1,104

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. Differ-
ence-in-differences coefficients included in all regressions, but not shown for brevity. State and year fixed effects include in
all regressions. Electricity prices in cents per kWh of electricity. Natural gas prices paid by electric power producers.

Second, during the transition period, we find a statistically significant relationship between
natural gas prices for all customer classes. Natural gas prices have the smallest effect on residential
prices during the transition period, with results also marginally statistically significant. In all eight
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regressions, the magnitude of these estimates (51) is larger than the non-treatment coefficient ().
Specifically, when controls are included, we estimate that a $1 change in natural gas prices per mcf
is associated with a 0.194 cent per kWh increase in the electricity price.

Third, analyzing the full implementation time period, we observe that the magnitude of
the point estimates approximately double across all regressions. Again, focusing on total electricity
prices when controls are included, we estimate that a $1 change in natural gas prices per mcf is
associated with a statistically significant 0.35 cent per kWh increase in the electricity price.

An empirical test for 8, — ¢ is presented testing whether the sensitivity to natural gas prices
increased post-full retail restructuring. Point estimates suggest that electricity prices increased by
0.315 cents per kWh for a $1 per mef change in natural gas prices, empirically supporting the
general observation that prices electricity prices have moved more in tandem with natural gas prices
due to retail restructuring. Thus, the general observation that electricity prices have moved more in
tandem with natural gas prices due to retail restructuring is supported empirically. And although
prices began moving more in tandem during the transition period, this relationship between retail
prices and natural gas prices was strengthened once retail restructuring was fully implemented.

4.6 Robustness Results

4.6.1 Hybrid/Reversal States

Seven states either implemented hybrid policies or reversed restructuring altogether. These
hybrid/reversal states are not included in all prior analysis. To test the effect of retail restructuring
on electricity prices in these states, we implement the event study shown in Equation (1). Results
for both the baseline and SC control group and across customer classes are presented in Appendix
Figures A6 and A7. As can be seen, there is no noticeable treatment effect, with coefficient estimates
imprecisely estimated. This result confirms our choice to remove these states from our preferred
specification.

4.6.2 Placebo Tests

Similar to Abadie, Diamond & Hainmueller (2010), Abadie and Gardeazabal (2003) and
Bertrand Duflo, and Mullainathan (2004), we next implement placebo studies by applying the
synthetic control method to states that did not implement retail electricity market restructuring. If
the placebo studies create gaps of magnitude similar to the one estimated for treated states, then our
analysis does not likely provide significant evidence of restructuring on electricity prices. These
results are presented in Tables in Appendix Table A3. Of the eight coefficients shown, none are
statistically significant at conventional levels and all small in magnitude relative to results in Table 3.

These results are shown graphically in Figure 2, where we show the difference in the
electricity price observed in the treatment and control states compared to this difference in the
placebo treatment states.** Results are graphically presented six cohorts that correspond to the
difference in the initial retail restructuring transition beginning dates shown in Table 1. Specifically,
the six cohorts correspond to the retail restructuring beginning years from 1997 to 2002, with the
number of states varying per year from one to three depending on the year.

Of the thirteen restructured states, ten exhibit the pattern of increased electricity prices
relative to the synthetic control during the time period where natural gas prices were increasing

34. The difference in actual state and synthetic state is normalized to zero using the average difference pre 1997 (the first
year a policy was passed). This removed level differences in the pre-treatment time period that allows for visual inspection and
is consistent with the empirical specification that utilizes state level fixed effects in all regressions.
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(until approximately 2008) and then reconvergence. Notably, three of these states, Rhode Island,
Massachusetts and Connecticut have seen a reversal in this trend, again experiencing increases in
prices relative to controls despite natural gas prices nationally staying at historical lows. Two states,
though, notably stand out as not being impacted in the same way as other states by restructuring;
Pennsylvania and Ohio. This may be due to when the transition period ended for both states (2012
and 2011, respectively) that happened to coincide with when natural gas prices were already in
decline (and during the transition retail prices increases were limited). These states were also
uniquely positioned near historic increases in natural gas production.

Figure 2: Graphical Representation of Placebo Test
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4.6.3 Bias from Staggered Treatment Adoption

Appendix Figures A9 and A10 present event study results from the stacked regressions.
These event studies corroborate our event study results presented in Figures A4 and AS. Importantly,
we do not find evidence of significant bias from staggered treatment adoption. Coefficients are only
marginally higher from 5 to 10 years post-retail restructuring, compared with Figures A4 and AS,
with significant differences between treated and control states becoming negligible by 12 years post-
retail restructuring.

4.6.4 Falsification Outcomes

Appendix Table A4 presents results utilizing the two falsification outcomes, cooling degree
days (CDDs) and gasoline consumption per person. We hypothesize that retail electricity market
restructuring should not directly impact either of these outcomes. Of the twelve coefficient estimates
shown in Table A4, eight are negative and four are positive and all are imprecisely estimated,
confirming our hypothesis. Appendix Figure A8 shows these results graphically, alongside placebo
tests of these falsification outcomes.

4.6.5 Parallel Pre-trends

We follow Roth (2021) and perform diagnostics to determine what our likely power is
against relevant pre-trend violations. We provide a visual diagnostic in the Appendix, Figure A1l
of our estimated coefficients (in black), hypothesized trend (in red) and the expected coefficients
conditional on passing the pre-test with our hypothesized trend (in blue). Although our pre-treatment
coefficients show the potential for a pre-trend that we would have low power to detect, our post
treatment coefficients follow a different pattern than we would expect if our true trend was the
hypothesized trend and was not detected in pretesting (i.e., pre-trends passed). To formally allow
for this potential violation in pre-trends, we provide estimates with differential trends by state in the
Appendix, Table A6, to allow for the possibility that states were on differential growth trajectories
with respect to electricity prices. We find that coefficients are largely unchanged from our baseline
and synthetic control estimates in Table 3, however some estimates (particularly those for residential
price effects in the baseline method) are statistically less precise.

5. CONCLUSIONS

In the mid-1990s, after decades of cost-of-service (COS) regulation, states began to transition
generation assets from COS regulation to market-based remuneration and allow retail electricity
customers the ability to choose their electric supplier (sometimes called “retail choice”). As noted,
there have been previous studies estimating the impact of retail electricity market restructuring on
retail prices, with mixed results. What is unique to this research is that the empirical analyses are
based on detailed descriptions of each state’s restructuring timeline, including its transition period
and date of full retail-restructuring implementation. This is an important distinction since states
did not flash cut to full retail markets but phased them in over several years. Moreover, during the
transition period states typically required incumbent utilities to discount retail prices. Such discounts
should not be attributed to market forces, since they were the result of legislation, commission order,
or negotiation. Another important characteristic of retail restructuring that is considered here is that
each state passed legislation and commission implementation orders, began the transition period,
and began retail market pricing at different times.
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Conclusions of this research have significant policy implications. First, we do not find
evidence that retail market restructuring has fulfilled its promise (made politically at the time) of
reduced prices for retail customers. This result should not be interpreted to suggest that markets
are not important in the electricity sector, but instead that retail restructuring specifically has not
been associated with price reductions. This suggest that, on average, COS rate design has been
reasonably successful at setting rates at a level where the allowed rate of return for the monopoly is
approximately equal to the market cost of capital (see discussion of A-J model). Second, we do not
find evidence that any customer class (i.e. residential, commercial, or industrial) benefited relative
to others on average. This suggests that on average, states with COS regulation have also been
reasonably successful at allocating costs across customer classes. Third we do find evidence that
retail prices in restructured states move more in tandem with natural gas prices, the marginal fuel
source of the time of analysis. Thus, there is evidence that these policies more quickly translated
wholesale price signals to final customers. This aspect of retail restructuring might be viewed as
either a benefit to the policy (i.e. transmitting price signals) or a cost (i.e. increasing the volatility of
prices for customers).

Restructured states responded to the rapid retail electricity price increases observed during
that period of increasing natural gas price with auctions or bidding processes to set the energy
component of the retail price. This often, depending on the timing, was designed to blunt the impact
that would have been felt by customers if the wholesale prices were simply passed through to the retail
customers. Once natural gas prices began to fall around 2009, electricity prices began to converge
between restructured and non-restructured states. Another policy response to higher natural gas and
wholesale prices by states was, when possible, to restrict retail choice to only larger industrial and
commercial customers. At the time of this writing (mid-2022), natural gas and wholesale prices
are again elevated and our findings would suggest that restructured state retail prices would again
respond more rapidly to wholesale price increases than COS states. Time will tell if this occurs.

We also test for whether retail restructuring facilitated the growth in renewable energy
generation and find no such evidence. In fact, on average, restructured states had slower renewable
energy growth than COS states, although we do not attribute any causal effect to this observation.

Although some will view this research as perhaps on balance favoring COS regulation over
retail restructuring, we note a few important considerations. First, many COS states today are part
of organized wholesale markets (i.e. ISOs and RTOs). Feedback from both utilities and regulators
suggests that in these restructured states incorporated into organized wholesale markets, the day-to-
day dispatch of generation assets is for all intents and purposes, similar to a restructured state. For
COS states not in an organized wholesale market, dispatch is typically limited to the balancing area
of the utility, not an entire region. There are opportunities for future research in this area. Second,
historically some large industrial and commercial customers have advocated for retail access, as
this allows them to engage in long-term contracts and other deals not available to large customers
in COS states. Results from this research suggest that policy makers might be able to make retail
access available to these larger customers, with little impact on prices of smaller residential and
commercial customers. This is another area for future research.
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APPENDIX A: SUPPLEMENTAL TABLES AND FIGURES

Table A1: Retail Restructuring Definition Details

Retail Full
Restructuring Retail Market

State Transition Begins ~ Access Begins Note

Alabama none none Included in potential control group.

Alaska none none Outside of continental U.S. Not included in analysis.

Arizona not included not included  Restructuring legislation passed in 1998, retail choice began
1/1/2001, but the policy reversed in 2005.

Arkansas none none Included in potential control group.

California not included notincluded  Restructuring legislation passed in 1996, retail choice began
4/1/1998, but retail market was suspended in 9/2001

Colorado none none Included in potential control group.

Connecticut 2000 2007 Included in treatment group.

Delaware 1999 2006 Included in treatment group.

Washington DC 2001 2005 Included in treatment group.

Florida none none Included in potential control group.

Georgia none none Included in potential control group.

Hawaii Outside of continental U.S. Not included in analysis.

Idaho none none Included in potential control group.

Illinois 1999 2007 Had a phase in for retail choice beginning 10/1/1999.

Indiana none none Included in potential control group.

Towa none none Included in potential control group.

Kansas none none Included in potential control group.

Kentucky none none Included in potential control group.

Louisiana none none Included in potential control group.

Maine 2000 2000 Included in treatment group.

Maryland 2002 2008 Law passed in 2000. Phased in restructuring utility by utility
beginning in 2002.

Massachusetts 1998 2005 Included in treatment group.

Michigan not included notincluded ~ Michigan never extended retail choice to all customers. Treated
as a hybrid and not included in either treatment or potential
control group.

Minnesotta none none Included in potential control group.

Mississippi none none Included in potential control group.

Missouri none none Included in potential control group.

Montana not included notincluded  Restructuring law passed in 1997, retail choice began in 1998,
but was later repealed for all but large customers.

Nebraska none none Included in potential control group.

Nevada not included not included  Retail choice only applies to large customers.

New Hampshire 2001 2006 Restructuring was utility by utility, but transitions began in
2001. Restructuring transition end-date coincides with the end
of their Retail Energy Services program.

New Jersey 1999 2004 Included in treatment group.

New Mexico none none Included in potential control group.

New York 1998 2011 Restructuring was utility by utility, but transitions began in
1998. Central Hudson Gas and Electric 9/1/1998-6/30/2001.
Consolidated Edison 6/1/1998-12/1/2001. Long Island Power
Authority 1/1/2002-1/17/2002. New York State Electric and
Gas 8/1/1998-12/31/2005. Niagara Mohawk Power 9/1/1998-
2010. Orange and Rockland began its transition on 5/1/1998-
5/1/2000. Rochester Gas and Electric 7/1/1998-7/1/2002.

North Carolina none none Included in potential control group.

North Dakota none none Included in potential control group.

Ohio 2001 2011 Restructuring was utility by utility, but transitions began in

2001. All utilities except Dayton Power & Light (DP&L)
began their transition on 1/1/2001 and ended on 12/31/2008.
DP&L began their transition on 1/1/2001 and ended on
12/31/2010.

(continued)
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Retail
Restructuring

Full
Retail Market

State Transition Begins ~ Access Begins Note

Oklahoma none none Included in potential control group.

Oregon not included not included  Retail choice only applies to large customers.

Pennsylvania 1999 2012 Included in treatment group.

Rhode Island 1997 2008 Included in treatment group.

South Carolina none none Included in potential control group.

South Dakota none none Included in potential control group.

Tennessee none none Included in potential control group.

Texas 2002 2007 Restructuring legislation passed in 6/1999, retail access began
1/2002, but the transition period ended in 2006.

Utah none none Included in potential control group.

Vermont none none Included in potential control group.

Virginia not included not included  Retail choice only applies to large customers.

Washington none none Included in potential control group.

West Virginia none none Included in potential control group.

Wisconsin none none Included in potential control group.

‘Wyoming none none Included in potential control group.

Source: Based on author’s research in conjunction with a number of sources including Fabrizio et al. (2007) and Su (2015).

Table A2: Summary Statistics: Baseline Sample

Hybrid/Reversal
Full Sample Treatment Group ~ Control Group States
Sample Sample Sample Sample
State-Level Electricity Prices (2000-2019) Avg. Std. Dev. Avg. Std.Dev. Avg. Std.Dev. Avg. Std. Dev.
Total (cents/kWh) 8.28 2.81 10.55 3.09 7.16 1.91 8.23 2.49
Residential (cents/kWh) 9.95 3.14 12.39 3.37 8.76 2.26 9.83 2.88
Commercial (cents/kWh) 8.50 2.55 10.44 2.72 7.54 1.84 8.45 2.40
Industrial (cents/kWh) 6.08 2.30 7.85 2.80 5.21 1.42 5.99 2.00
Observations 1,470 420 840 210
State-Level Synthetic Control Construction Variables (Pre-2002)
GSP Per Person (USD) $34,783 $15,709 $43,035 $23,589 $31,097 $9,176 $33,026 $9,480
Mining GSP Per Person (USD) $633  $1,542  $165 $454 $878  $1,946  $590 $660
Manufacturing GSP Per Person (USD) $4,654 $2,010 $4.874 $1,836 $4,784 $2,052 $3,692 $1,917
Democratic Governor (percent) 45.4% 0.49 40.8% 0.48 50.1% 0.50 35.7% 0.48
Percent Legislature Dem. (percent) 54.6% 0.15 57.5% 0.15 54.4% 0.16 49.8% 0.08
Share of Generating Capacity Natural Gas 27.3% 0.23 32.6% 0.27 23.9% 0.24 30.2% 0.21
Share Sales Industrial (percent) 24.7% 0.09 20.7% 0.08 26.7% 0.09 24.2% 0.07
Share Sales Commercial (percent) 31.2% 0.09 37.0% 0.12 28.2% 0.06 31.9% 0.05
Observations 588 168 336 84
Additional Outcome Variables (2000-2019)
Renewable Energy Generation Per Person 4,514 6,784 1,881 3,083 4,859 6,782 8,402 9,495
(kWh/year)
Gasoline Consumption Per Person 1.28 0.24 1.16 0.31 1.34 0.18 1.26 0.22
(gallons/person/day)

Observations 1,470 420 840 210

State level synthetic control variables are only used pre 2002, approximately ex ante policy passage.
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Table A3: Placebo Tests

Total Residential Commercial Industrial
(1) (2) (3) (4)
Panel A: Baseline Difference in Differences
Placebo Treatment -0.067 -0.098 -0.036 -0.060
(0.133) (0.137) (0.149) (0.169)
Observations 840 840 840 840
Panel B: Synthetic Control Specification
Placebo Treatment 0.052 0.040 0.100 0.085
(0.127) (0.162) (0.147) (0.091)
Observations 1,680 1,680 1,680 1,680

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. State and year
fixed effects include in all regressions. Electricity prices in cents per kWh of electricity. Random placebo treatment year
chosen between 1997 and 2002 for consistency with restructuring beginning years from Table 1.

Table A4: Falsification Outcome Variables

Baseline Synthetic Control
CDD Gasoline/Pop CDD Gasoline/Pop
(1) (2) (3) 4)
Panel A: All Post Treatment
Treatment Effect -3.378 -0.046 15.710 -0.009
(16.43) (0.039) (14.71) (0.034)
Observations 1,230 1,260 810 840
Panel B: Transition Period
Treatment Effect x Transition —13.54 -0.038 7.543 -0.004
(13.45) (0.044) (13.18) (0.040)
Treatment Effect x Full Implementation 3.070 -0.051 21.530 -0.012
(20.59) (0.046) (19.30) (0.041)
Observations 1,230 1,260 810 840

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. State and year
fixed effects include in all regressions. CDDs are state level cooling degree days. Gasoline/Pop is gasoline sales per 1,000
people. Baseline difference-in differences specification uses non-restructured states as control group. Synthetic control
specification utilizes synthetic states as controls.
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Table AS: Estimated Treatment Effect of Restructuring on Electricity Rates by Customer

Class with State-Specific Time Trends

Baseline Control Group

Synthetic Control Group

Total Residential Commercial Industrial Total  Residential Commercial Industrial
(1) (2) (3) 4) (5) (6) (7) (3)
Panel A: All Post Treatment
Treatment Effect 0.050 -0.474 0.554%* 0.547#%*  0.730%** 0.505 0.457 0.625%#%
(0.279)  (0.339) (0.264) (0.338) (0.260) (0.335) (0.276) (0.224)
Panel B: Transition and Full Implementation
Treatment Effect x 0.163 -0.344 0.656%* 0.683 0.154 -0.191 0.181 0.141
Transition (0.262)  (0.331) (0.251) (0.335) (0.230) (0.287) (0.243) (0.207)
Treatment Effect x Full 1.044%%* 0.664 1.454%%#% 1.740%*  1.124%%*  (.981%* 0.646* 0.957%%#%
Implementation (0.457)  (0.5006) (0.452) (0.726) (0.341) (0.415) (0.363) (0.314)
Observations 1,260 1,260 1,260 1,260 840 840 840 840

Standard errors in parentheses. *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at state level. State-specific

time trends, state and year fixed effects include in all regressions. Electr

icity prices in cents per kWh of electricity. Baseline

difference-in-differences specification uses non-restructured states as control group. Synthetic control specification utilizes

synthetic states as controls.
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Figure A8: Placebo Tests—Additional Outcome Variables
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Figure A11: Baseline Coefficients and Hypothesized Trends
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APPENDIX B: BACKGROUND ON ELECTRIC UTILITY INDUSTRY CHANGES AND
RETAIL COMPETITION FOR ELECTRICITY

There were several important events that occurred prior to state-level electricity restructuring
that set the stage for retail customers to choose their electricity supplier. Beginning in the 1970s,
competition was increasingly incorporated into industries, such as airlines, railroads, trucking, and
telecommunications (primarily long-distance telephone service). In the energy sector, there was also
the removal of price controls on oil and natural gas prices.

A second major event, and one that directly impacted the electric utility industry, was
passage of the Public Utility Regulatory Policies Act of 1978 (PURPA) that was part of a package of
legislation known as the National Energy Act of 1978.3° Importantly in the context of this research
PURPA created new categories of power generators, although the intention was not to encourage
or spur competition in the industry, but rather PURPA was intended to encourage conservation,
reliability, and efficiency in the delivery and generation of electricity, and to do so with “equitable
retail rates for electric consumers.” However, one of PURPA’s impacts was to demonstrate that other
entities besides vertically integrated utilities could generate electricity.

35. For more background on PURPA, see Burns & Rose (2014). The main purpose of PURPA was to address the ongoing
“energy crisis” of the time. PURPA’s six titles dealt with a wide range of utility issues including ratemaking standards
and policies for electric and natural gas utilities, hydroelectric power, and crude oil transportation. Sections 201 and 210
of PURPA were intended to boost the use of cogeneration (or combined heat and power) and small power production by
requiring utilities to purchase power at special rates and terms from qualified cogenerators and small power producers.
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While there were some early actions by the Federal Energy Regulatory Commission
(FERC) in the 1980s to encourage competition at the wholesale level (that is, sales for resale), the
single most momentous event to increase wholesale competition in the industry was the passage
of the Energy Policy Act of 1992 (EPAct),*® which created a new category of supplier, the exempt
wholesale generators (EWGs). EWGs were exempt from the Public Utility Holding Company Act
(PUHCA), meaning that a utility, an unregulated holding company affiliate, or a nonutility, such
as an investment bank, could own generation assets that sell wholesale power. EPAct also gave
FERC the authority to require utilities to provide other suppliers open, nondiscriminatory access to
the utilities’ transmission systems—often referred to as “transmission open access.” FERC’s Order
888, which implemented the EPAct provision was not issued until 1996 (four years after passage)
and required all regulated utilities to provide open access and offer comparable transmission
interconnection and service to generation units not owned by the regulated utilities. In 2005 PUHCA
was repealed and the EWG provision has therefore been rendered generally irrelevant. However, the
EPAct did spur considerable new entry into wholesale markets that persists to the present.

B1 State Level Market Restructuring

These federal changes opened the door for state level policy changes. At about the same time
that FERC was implementing 1992 EPAct, some states began the process of considering, and in some
cases adopting, “retail competition” that would allow retail customers to choose their supplier. Early
adopters passed legislation in 1996 and by 2000 all states that would pass restructuring legislation
had done s0.” In these states, some or all retail customers can choose their own electricity supplier.
Retail customers can purchase electricity from marketers, brokers, or aggregators who typically sell
power purchased from the wholesale market (essentially making financial arrangements between
power sellers and customers). It is important to note that while no two states are alike, restructuring
policies change the historical cost of service (COS) model in two broad ways.

First, restructuring reforms typically target generation, requiring that vertically integrated
utilities separate their generating function from transmission and distribution function (that
remained under COS regulation). To do this, utilities often created separate business entities for
their generation resources to sell electricity to the distribution utility and others. Power purchase
agreements (PPAs) are often signed between the generation and distribution arm of the utility.
Importantly, state regulators have oversight of such PPAs to ensure prudence and include bids from
Independent Power Producers (IPPs).* As will be discussed below, sophisticated spot markets with
independent system operators (ISOs) are now common.

Second, restructuring allows for retail customers to purchase power directly from a seller,
circumventing the incumbent utility provider. This introduces competition in the retail sector,
allowing third-party, energy only retailers to buy power in the wholesale market and sell to end-use
customers. This is commonly referred to as “retail choice” or “retail open access.” This is especially
important for industrial customers. To this day, in non-restructured states an IPP is not allowed to

36. For an overview of U.S. wholesale power markets, Rose (2018).

37. No state has passed legislation initiating restructuring since 2000. This is primarily due to the California and western
power crisis in 2000 and 2001.

38. Independent Power Producer (IPP) is a general term that refers to any power generator that is not the vertically
integrated company. For example, it could be a third-party non-utility, affiliate of the vertically owned utility, or generation
owned by another utility. Rules and licensing requirements for IPPs are set by individual state utility regulators.
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sell electricity directly to an industrial customer because the regulated utility has monopoly status as
the only seller of electricity to final customers.

Some restructured states include retail choice for residential customers as part of the policy.
But often in these states, the majority of residential customers choose to receive their power from
the historically COS regulated utility (i.e. the utility that historically served the customer), where
the energy component of the price is now determined by an auction or bidding process that allows
alternative suppliers to also participate in the market.

Relevant to this discussion and for developing the empirical analysis, is how retail choice
was implemented by the states. In every state except one (New York®), the state legislature passed
a law that changed the state’s statutes to enable the state’s utility regulator to implement retail
choice and outlined the general provisions, such as which customers are eligible and dates when
competition would begin, among other issues.* Typically, the process would be to (1) set a start
date for when all or some customers would be able to select an alternative supplier or a phase-in
period would begin; (2) a transition period, usually lasting several years, would be selected where
retail prices would be frozen usually at a discounted price below the former regulated price; and (3)
after this transition period ended, the price would be determined by a market mechanism, including
the price offered directly by a supplier or an auction process directed and governed by the state
utility regulator. The empirical analysis, as described below, explicitly distinguishes the transition
period from when prices are determined by a market process. This is the first empirical analysis to
explicitly consider both the transition period and post-full retail access with sufficient post-retail
access data available.*!

B2 Regional Transmission Organizations (RTOs) and Independent System Operators (ISOs)

Another important change to electricity markets that occurred concurrently with
electricity market restructuring was the growth of Regional Transmission Organizations (RTOs)
and Independent System Operators (ISOs). FERC Order 2000, issued in December 1999, allowed
utilities to voluntarily enter into RTOs.*

RTO markets typically consist of “day-ahead” and “real-time”” markets. Generators submit
bids to the centralized market clearing house in a day-ahead market. The RTO compiles these bids,
the location of generators, the location of demand centers, and transmission constraints. It then
publishes locational marginal price (LMPs) and schedules which generation resources will be
utilized over the course of the day as demand changes. The markets are designed with real time
adjustments when demand and non-dispatchable generation (i.e. renewables) comes in higher or
lower than anticipated. There are seven RTOs currently operating in the United States, operating in
40 states.

39. In New York, the commission initiated the state’s restructuring.

40. One of the most contentious issues at the time, was the definition and treatment of “stranded costs,” that is, utility
costs that may not be recoverable in a competitive retail market.

41. In contrast, Fabrizio et al (2007) considers formal hearing date, law date, and beginning of retail access, but the time
period of analysis is from 1981 to 1999, meaning not a single state had actually begun full retail market access during the time
period of analysis. Su (2015) utilizes a later sample period (1990-2011), using a five-year window for the transition period,
but does not differentiate these periods across different states. To see why this is important, consider that New York, Ohio,
Pennsylvania and Rhode Island took more than ten years from the beginning of restructuring transition until full retail access
began.

42. ISOs are a similar concept—the differences are beyond the scope of this analysis and therefore we refer to both RTOs
and ISOs as simply “RTOs.”
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Both restructured states and COS states participate in RTOs. For instance, the majority
of the states in the Midcontinent Independent System Operator (MISO) are COS states at the time
of this writing. Thus, even though there are power plants owned by regulated utilities that are still
included in the rate base, these power plants are dispatched through MISO. While not all states
in an RTO have retail competition, all states that do have retail competition are in an RTO. This
research focuses on state-level electricity market restructuring as discussed in section 2.1, not the
development of RTO markets explicitly.

APPENDIX C: CONCEPTUAL FRAMEWORK-INVESTMENT IN CAPITAL

While our contribution is empirical, not theoretical, we will motivate empirical questions
in theory. Specifically, we provide an overview of utility rate design and discuss plausible channels
through which the policies might impact rates. We then motivate empirical questions using the
seminal Averch-Johnson Model (Averch & Johnson, 1962) that considers the profit maximization of
a firm under cost-of-service regulation.

C1 Cost-of-Service (COS) Regulation

Under a COS regulatory regime, electricity rates are proposed by a utility and approved by
a state regulator.” The process of calculating the rate includes two steps.

C1.1 Revenue Requirement

First, a revenue requirement is established. Broadly speaking, this revenue requirement
is set based on the cost the utility incurs for providing the service; hence the term cost-of-service
(COS) regulation.* Specifically, the revenue requirement (RR) is set as follows:*

RR, = Expenses, + (Rate Base, x O')

where o is the company’s allowed rate of return. The utility’s recoverable expenses, Expenses,, are
incurred in that year and are reimbursed in their entirety, yet no rate of return is earned. Thus, these
expenses essentially pass through directly to ratepayers. The rate base is simplistically represented
as:

Rate Base, = (1 -0 ) Rate Base, | + Capex,

Capital expenditures (Capex, ) are entered into the rate base in year t and depreciated over
time based on the depreciation rate (8) approved at the time of the capital expenditure. Different
capital expenditures have different depreciation rates based on the expected life of the asset.

Examples of expenses recovered immediately include operational and maintenance
expenses, general and administrative expenses, depreciation, and taxes. Capital expenditures include
investments in generation, transmission, and distribution assets that provide electricity to customers.
Because rates are set in advance of sales, a test period is established. Typically, a test year consists

43. While the name of the governing bodies changes from state to state, common names include Public Service
Commission (PSC) or Public Utility Commission (PUC).

44. Also commonly referred to as “rate-of-return regulation”.

45. See Bonbright (1999) for an in-depth description of cost of service ratemaking.
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of a base period of 12 consecutive historical months plus adjustments (i.e. a new plant is scheduled
to come online, or load is anticipated to grow, etc.).*

C1.2 Cost of Service Study (COSS)

The second step is a cost of service study (COSS)* that allocates the burden of the revenue
requirement across the rate payer classes; residential, commercial, and industrial.*® Results of the
COSS will determine the allocation of costs across rate classes used to set the average price per kWh
of electricity charged across rate classes.

RR,
kWh,

P, =7,

where RR, is the revenue requirement that the utility seeks to collect and y, is the share of the revenue
requirement to be collected from each customer class, c. By definition, these shares sum up to 100
percent of the revenue requirement, zcyc =1%

Changes torate design can impact customers through two channels. First, rate design changes
can impact the magnitude of the revenue requirement itself, impacting rates across customer classes.
For example, an increase in the rate of return (To) or a reduction in the depreciation rate (¥8) will
formulaically increase the revenue requirement. But rate design can also impact customers through
a second channel—the allocation of costs across customer classes, (75 ) For instance, re-allocating
an expense in the COSS from one rate class to another might keep the revenue requirement the
same for the utility, but change the relative rates between classes. Thus, it is theoretically possible
that a policy increases, decreases or does not change the revenue requirement, but still changes the
electricity price to a specific customer class.

C2 Averch-Johnson Model

A COS regulated firm will solve a different profit maximization than a firm in a competitive
market. Averch & Johnson (1962) (hereafter “A-J Model”) present the seminal utility maximization
for a firm charging COS rates. The model yields two main results. For purposes of discussion,
consider o as the rate of return allowed by the regulator (consistent with notation in Section 1.1) and
r as the market cost of capital.

C2.1 A-J Conclusion 1: Over-capitalization

If the rate of return allowed by the regulator is less than the cost of capital, o < r, the firm
will exit the market. This is unlikely in this context given electricity access in the United States is
universal. If the rate of return allowed by the regulator is more than the cost of capital o > r, the firm
will substitute capital for other factors of production and therefore produce a level of output where
another allocation of inputs could produce that level of output for a lower cost. In this case, the firm
is not producing at the minimum average cost.

46. In ratemaking, either a historical test year or forward test year is used.

47. In practice, cost of service studies have two main components. The jurisdictional component allocates costs across
utility service territories as well as retail vs. wholesale customers where applicable. The class component of the cost of service
study allocates cross across the customers classes. This discussion is referring to allocation across retail customer classes
within a specific jurisdiction.

48. In practice, there are often other customer classes that make up small percentages of load.

49. In practice, there are also fixed and variable charges that are also set by regulators to arrive at customer bills.
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Said differently, because the firm earns a rate of return on capital, and not other expenses,
a monopoly with COS based rates has an incentive to overcapitalize if the rate of return allowed
by the regulator is too high. In the industry, this phenomenon is referred to as “gold plating.” In the
literature, this is known as the “A-J effect” (Knittel et al., 2019).

Increased competition from electricity restructuring has two potential effects on retail
electricity prices. First, there might be efficiency gains from moving towards a less capital-intensive
production process if the rate of return was set too high. Second, an unregulated monopoly will set
a price (Pm) above what would be a competitive market price (R ) An unconstrained monopoly will
maximize profits but reduce societal welfare. Thus, if regulators are unsuccessful at setting rates
close to a welfare maximizing price, i.e. regulators allow the price to be too high, P, > P, a policy
that moves the price closer to the competitive market price, P, — P, can transfer welfare from
producers (i.e. utilities) to consumers (i.e. ratepayers).

But if state regulators are effective at both setting the allowed rate of return equal to the
market cost of capital and have a sufficient understanding of the production process to ensure that
utilities are not overcapitalizing, then economic gains from restructuring might not be possible,
or gains might be undetectable empirically. Thus, whether restructuring is effective at reducing
electricity rates paid by customers is the first empirical question addressed in this research.

C2.2 A-J Conclusion 2: Cross subsidization

Another important implication of the A-J model is the “multi-market case.” Suppose that
in addition to operating in a single market, the firm can also enter other regulated markets, and the
regulator applies the allowed rate of return to the firm’s overall rate base. In this case, the A-J model
finds that the firm may have an incentive to enter into the other market, even if the cost of doing so
exceeds revenues in the long run. This is because expanding into the other market enables the firm to
inflate its rate base and therefore increase overall profits. In other words, one market is subsidizing
the other.

In the setting of a regulated utility, this might be seen as societally welfare improving.
Part of the regulatory compact is that the utility will provide service to all customers within its
jurisdiction, regardless of whether the cost of serving that individual customer is greater than the
revenues received. In this sense, the COS framework ensures that access to electricity is universal.
It achieves this through allowing lower cost-to-serve customers (i.e. customers in urban areas) to
subsidize higher cost-to-serve customers (i.e. customers in rural areas).

This multimarket case can also be applied to rate classes; residential, commercial and
industrial customers. In establishing rates across customer classes, the share of the costs incurred
in serving each class will be important. For example, according to the U.S. Energy Information
Administration, residential electricity rates averaged 13.01 cents per kWh in 2019. Industrial
rates averaged 6.81 cents per kWh, or approximately half of residential rates. This discrepancy,
in part, is likely due to the fact that industrial customers purchase larger quantities of electricity,
and therefore impose lower costs per kWh on the utility. Residential customers, on the other hand,
consume relatively small amounts of electricity per customer and require significant investment in
distribution grids over large areas to serve customers. Thus, perhaps unsurprisingly, the COSS study
allocates a larger relative share of costs to these residential customers.

R Consider y, as the true value of the share of costs associated with customer class ¢, and
7. as the regulator’s estimate of v,. If regulators are successful in setting y_ =y, Vc, then there will
be no cross subsidization across customer classes. But in the case where y_ #y_ Vc one customer
class will subsidize another. For instance, perhaps the residential customer class actually accounts
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for an even larger share of the cost than set by the regulator in the COSS; ;;; <Y, In this instance,
the industrial customers might subsidize residential customers even though the industrial electricity
rate is lower.

If restructuring is implemented and a customer can now procure power from a third
party, two things might happen. First, and most obviously, the customer class paying a larger than
proportion share of costs will be incentivized to procure power from a third party at a lower cost.
Second, as this process of procuring power outside of the regulated utility occurs, the utility will be
incentivized to set ;//: =, such that customers of the overcharged class no longer have an incentive
to obtain power from another seller. Similar effects have long been studied in credit markets, where
low risk customers will leave credit markets, thus further increasing the market interest rate (Stiglitz
& Weiss, 1981). In this way, restructuring might not only change the revenue requirement itself but
also has the potential to reduce cross-subsidization between rate classes, therefore changing relative
rates between classes.

C3 Marginal Cost and Average Costs

Neoclassical economic theory posits that in a free market a firm will supply a good or a
service up until the point that the price being received is equal to the marginal cost of providing
that service. Economic theory also suggests that in the long run, the market price will be set such
that the marginal cost of providing a good or service is equal to the average cost.*® Notably, COS
based regulation sets the price at approximately the average cost.’' Therefore, according to theory,
if regulation is successful the regulator is able to set the price at approximately what would be
the long-run market price in a competitive market. The firm accepts the price set by the regulator
in exchange for monopoly status; i.e. protection from other firms competing within their service
territory. This is referred to as the prior mentioned “regulatory compact.” But many utilities also
have fuel surcharges that go directly onto a customer’s bill that are specifically designed to allow
for changes in fuel costs to pass through. Hausman (2019) finds that regulators and utilities attempt
to prevent ‘bill shock’ by smoothing the pass-through of fuel prices to customer bills, perhaps a
perceived benefit of COS regulation.

Average cost is the basis for price setting under COS regulation, whereas marginal cost is
the basis for pricing in a competitive market. But many utilities commonly have fuel surcharges that
go directly onto a customer’s bill that are specifically designed to allow for changes in fuel costs to
pass through. Thus, the extent to which market restructuring has increased the response of electricity
prices to fuel costs is another empirical question. A number of studies have investigated fuel costs
pass through to retail rates (Whitworth and Zarnikau, 2006; Knittel et al. 2019; Ohler et al. 2020).

Also pertinent to our empirical analysis, while theory suggests that the marginal cost will
converge to average cost in the long-run with COS regulation, during periods in which these two
costs diverge, political sentiment might tilt towards whichever regime (COS or restructuring) might
offer the lowest price at that time (Borenstein & Bushnell, 2015). Our synthetic control approach
will address this by comparing restructured states to a weighted average of COS states with similar
economic, political, and electricity market characteristics ex ante.

50. Economic “costs” include both accounting costs and opportunity costs.
51. Where the rate of return represents the opportunity cost of capital, thus the goal of COS regulation is to set the rate
such that economic profits are equal to zero in the long run. Accounting profits are of course typically positive.
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