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Abstract

The natural monopoly problem for public utilities can be solved
in two ways: regulated private firms or public ownership. This paper
attempts to analyze the economic efficiency differences between the
two solutions by utilizing a fixed effects model on a panel data of US
electric utilities between 1999-2018 to estimate the price efficiency
differences between privately owned utilities and public-owned utili-
ties. The estimates show that although privately owned utilities are
less efficient than public-owned utilities, for-profit utilities are more
efficient than nonprofit utilities, due to relative economic inefficiency
of electric cooperatives.
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1 Introduction

Since the attention-grabbing California energy crisis of 2001, both lawmak-
ers and consumers have heard the furious debates over electricity pricing,
deregulation, and competition within this natural monopolistic business
sector. The politics behind the numerous regulatory policies involved with
natural monopolies have been divisive and numerous; even as of now, there
are no solutions that are universally accepted.

American electric utilities have come a long way since their inception
in the 1880s, with various waves of regulation and deregulation throughout
the years. The introduction of economic regulations in the United States
began during the 1870s and paved the way for municipal regulation of elec-
tric utilities during their formation years; municipal regulations allowed
individual municipalities to control electric utilities through market forces,
thus creating the first instance of regulatory practice in the electric utility
sector (Viscusi et al., 2018). After a long period of only local and state
regulations, federal regulations of electric utilities were established in 1935,
which lasted for almost the rest of the 20th century. Starting in 1992 with
the Energy Policy Act, many deregulatory policies ended the federal regula-
tory period for the electric sector. Some states soon followed, starting with
California; by 2020, 17 states and Washington D.C. have deregulated their
electric sector to some degree, allowing some limited competition within
the sector.

The regulations surrounding electric utilities and all other natural mo-
nopolies are implemented due to the fact that monopolies can wield signif-
icant power that harms competitiveness in their sector, and also because

natural monopolies are not able to be broken up, both of which lowers



economic efficiency. Professor Sunding (2019) of University of California,
Berkeley, states that throughout the years, changes in the electric sector
gave rise to two prominent viewpoints on the appropriate way to control
electric utilities: the first argued for privately owned firms from which gov-
ernments impose oversight, such as a rate of return regulation; the second
argued for the public ownership of these firms, as to solve the for-profit na-
ture of private natural monopolies. These viewpoints, combined with the
heterogeneity of regulatory practices in different regions and states, gave
rise to both public-owned electric utilities (“POUs”) and investor-owned
electric utilities' (“IOUs”) in the US (Viscusi et al., 2018).

From state deregulations, various energy crises, and ownership status
of firms, questions on various economic efficiency of electric utilities, such
as cost and price, have been raised and researched. Majority of research
have been done on the effects of state and federal deregulations on various
efficiencies and outcomes, but not much recent research has been focused on
the efficiency differences between ownership types of electric utilities, and
especially none have incorporated new developments in the sector. Thus, I
add further discussion to the literature by exploring empirical retail price
efficiency differences between the POUs and IOUs in the US over the last

twenty years (1999-2018).

2 Literature Review

Previous research has focused on both theoretical and empirical studies on

the efficiency differences between the ownership types of electric utilities.

IPrivately owned utilities and investor-owned utilities are used interchangeably in
various papers, and mean the same thing; this paper will also adhere to this.



Although empirical research as a whole has not reached a consensus on
efficiency differences between ownership types, theoretical research gener-
ally finds private firms to be more efficient. Other papers have explored
efficiency differences between the types of private firms (i.e. cooperatives
are nonprofit yet private, while others are for-profit and private), and have
researched the effects of firm categorization.

A benchmark study by Fare et al. (1985) utilizes data from 153 elec-
tric utilities (123 IOUs and 30 POUs) from 1970 to assess the relative cost
efficiency differences between privately owned firms (IOUs) and publicly
owned firms (POUs). They utilize data from Atkinson and Halvorsen,
which lack prices; their inputs (such as labor and fuel) are measured in
units instead of prices, and their output is also measured only in units
(millions of KiloWatt-Hour). They then estimate prices of inputs and the
output using other sources and statistical measures, which in turn are used
to measure cost efficiency of firms through “nonparametric, linear program-
ming approaches” (Fare et al., 1985). This study finds mixed results, where
POUs are more efficient in some measures, and IOUs are more efficient in
others.

Another commonly cited empirical study by Atkinson and Halvorsen
(1986) utilizes the same data as Fare et al. (1985) and incorporates likeli-
hood ratio tests, to find no evidence of efficiency differences between the
ownership types. Specifically, they find that they are unable to reject their
null of equal cost efficiency, consistent with what Fare et al. (1985) found,
in addition, they find that both ownership types are price inefficient in
their study. However, similar to Fare et al. (1985), this approach of using

shadow cost functions and its implied efficiency measures is not robust,



as this specification implies that electric utilities run with perfect cost-
minimization abilities. Their use of cross-sectional data for only 153 firms
from 1970 also makes it difficult to conclude robust results, and is also not
extrapolatable to the present day.

Studies using methods inspired by Atkinson and Halvorsen (1986) have
achieved contrasting results. Koh et al. (1996) utilizes a methodology used
by Atkinson and Halvorsen (1986) for data from 1986 for 182 firms (121
IOUs and 61 POUs), with only minor changes. They find that publicly
owned electric utility firms are more efficient at low output levels, which is
not consistent with results found by Fare et al. (1985). Despite there being
no major regulatory or economic changes in the electric sector between
1970 and 1986, nor changes in the methodology, data from those two years
produce different findings. These differences may arise due to the small
sample size in their data.

Kwoka (2005) utilizes a fixed effects model regressing an indicator vari-
able on ownership type, with controls on the dependent variable of cost;
similar to other papers, costs are imperfectly inferred using average price
of inputs and other statistics. Using panel data from 1991-2001 with 543
unique firms, Kwoka finds that public firms “have an advantage in the end-
user-oriented distribution function,” meaning that public utilities may do
better in the distribution of electricity (e.g. setting up and maintaining
electric lines and meters) than private firms. He also finds that private
firms may have lower costs in generation of electricity, and concludes that
more research is needed. This paper improves upon previous research by
utilizing a panel data set with more firms than previously seen. However,

as with many other papers, the dependent variable is constructed using



general estimates and statistics, and not with individual firm level finan-
cial data. As such, the results may not be as robust as it could have been
otherwise.

Boylan (2018) utilizes panel data from 1964-2014 of 1,030 firms with
a simple OLS model to measure the effect of ownership type on political
distortions. Political distortions, measured through firms’ ability to quickly
react electricity prices with respect to changes in inputs (costs), can be
seen as a measurement of firm efficiency. The model measures the change
in price of electricity based on firm ownership type, and political events,
among other regressors. The paper finds evidence that IOUs are quicker
to react prices to cost changes, deeming IOUs more efficient vehicles in
political distortions.

Theoretical studies have demonstrated the advantages of private firms
when considering economic efficiency differences between regulated private
(natural) monopolies and public ownership. Alchian (1965) argues that
public-owned firms exhibit a decrease in specialization of advantages when
compared to private counterparts, leading to relative inefficiency. Although
private firms are not always efficiency maximizing in all aspects of business
(e.g. Averch-Johnson effect from Averch and Johnson (1962), where they
argue that regulated monopolies will indulge in overcapitalization, leading
to inefficiencies not found in public firms), Atkinson and Halvorsen (1986)
has shown that, ceteris paribus, private firms lead in efficiency compared
to their public counterparts.

Few studies have explored the relationship and efficiency differences be-
tween the types of private firms. Peters (1993) utilizes attenuation theory

in order to argue for the efficiency differences between “non-profit” utilities



2. Attenuation theory, according to Peters, finds

and “for-profit” utilities
for-profit firms to be more economically efficient due to inherent behav-
ioral differences between for-profit and nonprofit firms. However, his paper
finds no empirical differences between two types of firms. Berry (1994)
argues that property rights theory predicts that firms without tradeable
ownership shares (cooperatives and POUs) will be managed less efficiently
than their counterparts (IOUs without cooperatives). His empirical find-
ings, using similar methods as Atkinson and Halvorsen (1986), show that
this prediction holds. Both Peters (1993) and Berry (1994) show impor-
tant distinctions between the private utilities; due to the fact that electric
cooperatives operate with similar objectives to POUs than IOUs, there are
significant efficiency differences between electric cooperatives and typical
IOUs. Their findings point out that previous research that group elec-

tric cooperatives as private firms or IOUs may have skewed results due to

mis-categorization.

3 Data

All data used in this paper comes from the U.S. Energy Information Admin-
istration (EIA). Natural gas price data are reported as state averages® for
a given year, and are from the EIA’s annual “Natural Gas Price Report.”
Similar to Boylan (2018), all other data are from EIA’s “Annual Electric

Power Industry Report.” Limited by the availability of data, I restrict the

2Nonprofit utilities here refer to POUs and electric cooperatives, and for-profit util-
ities are IOUs without cooperatives. Although electric cooperatives are considered pri-
vate firms (IOUs), they are a non-profit, and thus Peters groups them with POUs, which
are nonprofit entities by nature.

3Since natural gas price data are averages for a state and year combination, inferences
from this variable is limited to state level only.



sample to the period from 1999% to 2018, with 3,177 unique firms® spanning
all 50 states and Washington, D.C, resulting in 57,513 unique observations.

There has been no standard way to measure efficiency differences be-
tween ownership types. Early literature have used shadow cost differences,
and later literature have used retail price differences in the absence of ro-
bust cost data. As there still exist no firm-level data on actual costs, I use
retail price of electricity per megawatt-hour ($/MwH), constructed using
revenue and power sold, to measure economic efficiency differences between
ownership types. This measurement of efficiency is preferable for several
reasons: first, using shadow cost functions similar to previous papers im-
plies that firms operate with perfect cost-minimization, which is not a very
good assumption, since not all firms are run with perfect oversight; sec-
ond, retail price of electricity is the measurement that most legislators and
firms use to study benefits of deregulation and other changes, according
to Viscusi et al. (2018). Given our lack of cost data, our price efficiency
estimates will capture more effects than pure cost efficiency. This is not an
undesirable effect, however, as more emphasis is given to benefits to retail
customers and not how efficiently firms can operate, since public welfare is
more relevant for policymakers’ decisions.

Following Peters (1993) and Berry (1994), I differentiate electric cooper-
atives and the rest of IOUs. I test my model using both a “private” dummy
variable (co-ops are private) and a “for-profit” dummy variable (co-ops are
not for-profit) later in this paper.

Table (1) shows overall summary statistics, while tables (5) and (6) in

4Deregulation data span from 1994-2019 since we use lagged variables.

5This paper counts a firm and state combination as a unique firm; thus, if a certain
electric utility operates in two states, then there are two unique firms. This grouping is
due to differences in state regulations.



the appendix show summary statistics with the classification given above.

Table 1: Overall Summary Statistics

Mean Std. Dev Min Max
Revenue/Power 92.94617 87.25194 -36.13882 16000
Total Customers 47131.45 235177.4 0 5268369
% of Residential Customers  81.29096 18.40819 0 100
% of Commercial Customers 15.46728 14.31748 0 100
% of Industrial Customers 2.47263  11.36376 0 100
Natural Gas Price 3.697906  2.92539 0 11.16
Deregulated Dummy 2531595 4348253 0 1
Observations 57525

The Revenue/Power variable’s negative minimum value stems from

PG&E and Southern California Edison in 2001, the two firms involved in

California’s 2001 Energy Crisis, when both suffered heavy losses.

4 Methodology

I hypothesize that regulated private utilities are more efficient than public-

owned utilities, and that for-profit utilities are more efficient than non-profit

utilities. Theoretical studies have shown favor for private utilities (relative

to public-owned utilities) and for-profit utilities (relative to nonprofit utili-

ties) as shown in Atkinson and Halvorsen (1986), Peters (1993), and Berry

(1994).

I use a state and year fixed effects model to analyze the efficient pricing



differences between ownership types® of utilities:

Yo = BiPrivate;s; + BoT otalCustomers;g;

+ BsResidential;s; + BaCommercial;g + BsIndustrial;q
(1)

+ 01 NaturalGasg + doNaturalGas,q—1)

+ d3Deregulatedg + Xg + As + Uy + €55

where Y, is the ratio of Revenue to Power (in $/ MwH), X; are lagged”
Deregulated Dummies, As refers to unobserved state heterogeneity, v; rep-
resents unobserved time heterogeneity, and €;4 is the error term.

Equation (2) uses the same model as equation (1), but analyzes differ-

ences between for-profit and nonprofit® utilities:

Yise = B1ForProfit;y + PoTotal Customers;g

+ Bs3Residential;g + BaCommercial;y + BsIndustrial;y
(2)
+ 01 NaturalGasg + o Natural Gasq—1)

+ d3Deregulatedy + X + As + Up + €55

The regressand in both equations measures the retail price of electricity per
megaWatt-hour, and as such negative coefficients imply cheaper electricity,
or more efficient retail pricing. Following Kwoka (2005), we incorporate
total customers as an economies of scale control, and natural gas prices as
a control since natural gas is a substitute for electricity and also an input
to generate electricity. I also incorporate a 1-year lagged natural gas price

variable to account for any macro business changes that may occur due to

6Note that electric cooperatives are considered private, as previously mentioned.

1,2, 3, 4 and 5 year lags

8Note that electric cooperatives are considered nonprofit, as also previously men-
tioned.



changes in operating costs from the previous year.

EIA data divides retail customers into four distinct categories: residen-
tial, industrial, commercial, and miscellaneous (e.g. highways). We incor-
porate all but the miscellaneous category as a percentage of total customers
for each state-firm-year observation in our model to avoid multicollinear-
ity. Since the above control variables are in percentage terms, it is of note
that the interpretation of their coefficients should be of a linear-logarithmic
model.

Deregulating dummy variables indicate whether a state has deregulated
its electric utilities that year. All 17 deregulated states and Washington
D.C. (as of 2020) go through their deregulation process during the sample
time frame, and as such, time or state fixed effects cannot be used to
incorporate deregulation effects on retail prices of electricity. Although the
impacts of deregulation are not a key focus of this study, Viscusi et al.
(2018) has stated the possible beneficial effects of deregulation on retail
prices, and as such, it has been a focus on various legislations pushing for
deregulations. Effects of regulation changes are often lagging, and as such
I incorporate t-year lagged deregulation dummy variables in the model,
where t € {1,2,3,4,5}.

To analyze efficiency differences in percentage terms, I also use a loga-

rithmic version of equation (1):

In(Y);se = B1Private;s + BT otalCustomers;s
+ B3 Residential;s; + BsCommercial;y + PsIndustrial;y )
3
+ 01 NaturalGasg + doNaturalGasq—y)

+ d3Deregulatedgy + Xg + As + vy + €55
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where X, A\, vy, and €;,; are the same as before.

Equation (4) is just the logarithmic-linear change of equation (2):

In(Y)ist = B1ForProfitisy + PoTotalCustomers;s
+ B3 Residential;y; + BaCommercial;s + PsIndustrial;y
+ 01 NaturalGasg + doNaturalGasgq—1)

+ d3Deregulateds + X + s + vy + €51

To account for differences between cooperatives, for-profit IOUs, and POUs,

I use dummy variables for each of the above types:

Yise = B1Cooperatives;s + PoPOU s;4
+ BT otalCustomers;y + By Residential;g
+ BsCommercial;g + BsIndustrial;y (5)
+ 01 NaturalGasg + o NaturalGasq—1)

+ 03 Deregulateds + X + As + Uy + €55t

For differences between the three ownership types identified by Peters
(1993) and Berry (1994), we’d expect 0 < Sy, Ba.

5 Results

Models specified in the Methodology section were estimated below in tables
(2), (3), and (4), using all firms in the sample. In addition, these models
were estimated after omitting any electric utility that did not have data for
the entirety of 20 years in my sample, as a way to omit poorly performing

firms for reasons such as: they may have been just established, are ceas-

11



ing operations, or are running into regulatory issues. These estimates are
shown in tables (7) and (8) under Appendix.

I begin by estimating equation (1) and equation (3) in table (2) to
find the price efficiency differences between the conventional definition of

private and public electric utilities.

Table 2: Pricing Efficiency of IOUs and POUs

(1) (2)

VARIABLES Revenue/Power In(Revenue/Power)
Private 5.7T87*** 0.0380***
(0.716) (0.00310)
Total Customers -2.59e-06* -2.26e-08%**
(1.41-06) (6.09¢-09)
% of Residential Customers 55.71*** 0.828***
(5.625) (0.0290)
% of Commercial Customers 25.38%** 0.0304
(5.934) (0.0302)
% of Industrial Customers 10.28 -0.169***
(6.265) (0.0314)
Natural Gas Price -0.101 0.000791
(0.182) (0.000788)
1-Yr Lagged Natural Gas Price -0.442%* -0.000398
(0.184) (0.000795)
Deregulated -0.348 0.0185
(5.784) (0.0250)
5-Yr lagged Deregulated -1.756 -0.0529%+*
(2.896) (0.0125)
Constant 43.36%** 3.T42%**
(5.693) (0.0292)
Observations 57,513 57,442
R-squared 0.226 0.480

Standard errors in parentheses
K p<0.01, ** p<0.05, * p<0.1

As seen in column (1) of table (2), privately owned electric utilities
exhibit a moderate and statistically significant increase in retail pricing
of electricity, displaying less price efficiency than public-owned counter-
parts. Column (2) gives percentage figures, where my estimates state that

privately owned utilities have on average 3.8% higher retail pricing than
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public-owned utilities. The impact of pricing differences between owner-
ship types equate to an additional $63.49 for the average residential house-
hold’s yearly electricity bill”. Estimates show that utilities exhibit minor
economies of scale (about a $2.59/MwH reduction for each additional 1
million customers), as is expected for natural monopolies. Increasing the
proportion of residential customers have a moderately negative and statis-
tically significant impact on price efficiency, as is expected!’; commercial
customers exhibit the same effect as residential customers, perhaps for simi-
lar reasons. The 1-year lagged natural gas price variable shows a significant
and negative impact to the retail price, which suggests that natural gas may
have more of a substitute good effect than a cost of input effect. Deregu-
lation has an insignificant negative effect on retail pricing of electricity.
Table (3), which shows the estimates from equation (2), show that for-
profit electric utilities have a lower and statistically significant retail price
compared to nonprofit utilities; this is the converse of the estimate shown
in table (2), and is equal to a reduction of $46.14 for the average US house-
hold yearly electric bill. As for-profit utilities are the same as privately
owned utilities, except for the removal of electric cooperatives, the dis-
crepancy between these two estimates result from poor price efficiencies of
electric cooperatives. This result is unsurprising, considering that electric

cooperatives are generally much smaller in size, serve less-than-desirable

9 According to U.S. Energy Information Administration (2019), the average US house-
hold uses 10.972 MwH of electricity a year; given the $5.787/MwH increase in retail
pricing for private utilities, this equates to an increase of 10.872MwH x $5.787/MwH =
$63.49 a year for the average US household electricity bill.

10Servicing residential customers require more operating costs than industrial and
highway customers, since residential customers use far less power relative to their main-
tenance and infrastructure upkeep when compared to large-scale industrial and highway
customers.
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Table 3: Pricing Efficiency of For-profits and Nonprofits

(1) (2)

VARIABLES Revenue/Power In(Revenue/Power)
For-profit -4.244%** -0.176%**
(1.189) (0.00511)
Total Customers 9.43e-07 6.42e-08***
(1.49¢-06) (6.36e-00)
% of Residential Customers 55.43%** 0.837***
(5.628) (0.0288)
% of Commercial Customers 25.23%** 0.0869***
(5.941) (0.0299)
% of Industrial Customers 10.74* -0.144%**
(6.268) (0.0311)
Natural Gas Price -0.113 0.000526
(0.182) (0.000781)
1-Yr Lagged Natural Gas Price -0.458%* -0.000617
(0.184) (0.000788)
Deregulated -0.246 0.0101
(5.787) (0.0248)
5-Yr Lagged Deregulated -1.317 -0.0395%#*
(2.899) (0.0124)
Constant 46.24%** 3. TH8***
(5.691) (0.0289)
Observations 57,513 57,442
R-squared 0.225 0.489

Standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
rural areas, and more residential customers than other ownership types'!,
both of which result in worse price efficiency, as shown in table (3). Further
breakdown of price-efficiency differences can be seen in table (4) where esti-
mates show the efficiency differences between for-profit firms, cooperatives,
and public firms. The result of nonprofit utilities being less price efficient
than for-profit utilities is consistent with results shown by Berry (1994).
All other estimates shown in table (3) are consistent with estimates
shown in table (2), except for the total customers variable. Economies of

scale cannot be observed under this new specification, as the coefficient is

" Comparing “total customers” and “% of residential customers” figures for “for-
profit” and “private” firms in tables (5) and (6) reveals this relationship.
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not statistically different from 0.

Table 4: Pricing Efficiency of Cooperatives and POUs

(1) (2)
VARIABLES Revenue/Power In(Revenue/Power)
Cooperative 9.486%** 0.237%**
(1.292) (0.00552)
Public 1.453 0.143%**
(1.218) (0.00520)
Total Customers 8.32e-07 6.29e-08%**
(1.48-06) (6.32-09)
% of Residential Customers 54.83*** 0.832%**
(5.623) (0.0286)
% of Commercial Customers 27.93%** 0.120%**
(5.941) (0.0298)
% of Industrial Customers 9.980 -0.151%**
(6.262) (0.0309)
Natural Gas Price -0.110 0.000558
(0.182) (0.000776)
1-Yr Lagged Natural Gas Price -0.446%* -0.000472
(0.184) (0.000783)
Deregulated Dummy -1.064 0.000499
(5.782) (0.0246)
4-Yr Lagged Deregulated 2.918 0.0288*
(3.844) (0.0164)
5-Yr Lagged Deregulated -1.113 -0.0371%+*
(2.896) (0.0123)
Constant 42 29*** 3.583**
(5.776) (0.0292)
Observations 57,513 57,442
R-squared 0.227 0.496

Standard errors in parentheses
K p<0.01, ** p<0.05, * p<0.1

Table (4) below shows estimates resulting from separately categorizing

for-profit firms, public-owned firms, and electric cooperatives, as derived in

equation (5). The main variables of interest (and change) are cooperatives

and public; we omit for-profit firms, as to avoid multicollinearity. Coop-

eratives are statistically much more expensive for retail customers, with

cooperative’s coefficient being roughly twice the magnitude of Private and

For-profit in tables (2) and (3), respectively. Public utilities are statisti-
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cally indifferent from 0, although it does have a positive coefficient; this
result implies that, excluding electric cooperatives, POUs and IOUs are not
any more efficient than the other. After omitting firms without 20 years of
data, however, both cooperatives and public-owned firms show significant
and positive estimates, as shown in table (7). All other estimates in table

(4) are consistent with results seen in table (3).

6 Discussion

The results are consistent with both attenuation theory and property rights
theory as discussed by Peters (1993) and Berry (1994), respectively. Al-
though we cannot reject the null of privately owned electric utilities being
more price efficient than public-owned utilities, we can reject the null that
for-profit electric utilities are more price efficient than nonprofit utilities.
As I 'showed in table (4), this result is directly derived from the classification
of electric cooperatives. The key finding in this paper is that cooperatives
have the worst efficiency measurement out of all utility types, and as such,
they drastically influence whatever group they are included in. Previous
studies that have failed to control for electric cooperatives in some way may
be subjected to biased results, and could be one of the reasons that the
literature has failed to find a consensus on empirical efficiency differences
between firm ownership types. My results suggest that one of the most
effective ways to increase efficiencies of electric utilities (and thus retail
pricing) may be to redirect more regulatory efforts to rural cooperatives
instead of IOUs.

This paper does not face external validity concerns of previous papers,
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since the sampled data are not shadow functions, and contains a full and
complete data on all US electric utilities in our sampled years. As such,
results presented in this paper paint a full picture of the current electric
sector. Future research should be mindful of the impact of categorization
and actual data on the findings of efficiency differences.

Estimates given above also reveal other interesting aspects of electric
utilities. For instance, economies of scale cannot be observed for most of
our models. This may be due to the fact that larger utilities may go through
more regulations or obstacles, such as regulatory lag or X-inefficiency, but
more research is needed to establish certainty. Additionally, we can see
that the composition of customer types make a significant difference to
the pricing of utilities. Residential customers, which utilize less electricity
per customer than other types, have a negative and significant impact on
the price efficiency of firms, which is not contradictory to conventional
thought. Natural gas, being both a substitute for electricity and an input
to generate electricity, can theoretically have either a negative or positive
impact on price efficiency of electricity. My estimates show that overall, the
substitute good effect wins over the input factor effect, as the coefficient
of natural gas price is negative when regressed against electricity price;
however, restricting the sample to firms with 20 years of data shows that
natural gas price has the opposite effect, which may arise due to innate
differences between “poorly performing” firms and “stronger” firms. For
example, it may be that the “poorly performing” firms use less natural
gas to generate electricity than “stronger” firms, which would explain the
coefficient differences.

Another interesting aspect is that deregulation, as a whole, is not sig-
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nificant for price efficiency of utilities. It may be that the 17 states and
Washington D.C. have not implemented deregulation in ways consistent
with theory (e.g. California 2001 energy crisis), or that we simply need
more time to observe the effects of deregulation. Only after eliminating
firms without 20 years of data, in table (7), do we see that the variable
measuring 5H-year lagged deregulation has a significant and positive effect
on price efficiency of electric utilities. It may be that deregulation is only
effective for established firms five years after the matter; in any case, fur-
ther research is required to definitively state the impacts of deregulation,

and I leave the matter for further study.

7 Conclusion

The literature has no consensus on the empirical economic efficiency differ-
ences between ownership types of electric utilities in the US. Past studies
have applied various theories to predict any efficiency differences that may
arise, but have been limited on data. Using panel data consisting of 3,177
unique firms from 1999-2018, I model retail price efficiency differences be-
tween electric utility types and ownership, while avoiding mistakes of pre-
vious studies. In an effort to conduct a rigorous study, I control for many
aspects of electric utilities, and use no shadow cost data, but rather actual
current data from the EIA.

I find that IOUs are less price efficient than POUs, although for-profit
electric utilities are more price efficient than nonprofit counterparts. Elec-
tric cooperatives, being much less price efficient than both for-profit and

public utilities, cause the efficiency differences between the above compar-
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isons. Thus, previous studies that fail to control for cooperatives may have
biased results, and could be a reason for why there has been no consensus
on empirical efficiency differences between utility ownership types. This
paper’s findings face little external validity concerns, as the sampled data
contains all current electric utilities. Having sampled only data after major
federal regulatory changes, conclusions reached in this paper are reflective

of all past developments in this sector.
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Appendix B Only Firms with 20 Years of

Data

Table 7: Firms With Al(llg() Years of Data

2 3
VARIABLES Private For—<P>roﬁt CO—E)IE Vs.
VS. VS. POU vs.
Public Nonprofit For-Profit
Private 7.190%**
(0.287)
For-Profit -12.67*H*
(0.475)
Cooperative 19.27%%*
(0.498)
Public 7.968%**
(0.483)
Total Customers -1.18e-06**  5.71e-06***  5.84e-06™**
(4.78e-07) (5.12e-07) (5.03e-07)
% of Residential Customers 40.917%F* 39.23%%* 39.41%%*
(3.523) (3.519) (3.457)
% of Commercial Customers -18.44%%* -17.62%%* -10.62%**
(3.649) (3.646) (3.586)
% of Industrial Customers -4.320 -3.050 -2.995
(3.735) (3.731) (3.665)
Natural Gas Price 0.216%** 0.214%** 0.226*+*
(0.0749) (0.0748) (0.0735)
1-Yr Lagged Natural Gas Price 0.189** 0.188** 0.195%#*
(0.0750) (0.0749) (0.0736)
Deregulated Dummy 0.0906 -0.413 -1.845
(2.403) (2.401) (2.359)
1-Yr Lagged Deregulated -0.831 -0.283 -0.961
(2.685) (2.682) (2.634)
2-Yr Lagged Deregulated 1.023 0.922 1.685
(2.179) (2.177) (2.138)
3-Yr Lagged Deregulated 0.758 0.102 -0.0151
(1.830) (1.828) (1.796)
4-Yr Lagged Deregulated -0.365 0.330 0.514
(1.670 (1.669) (1.639)
5-Yr Lagged Deregulated 4. 78THH* -3.690%*** -3.512%**
1.232) (1.231) (1.209)
Constant 54 11%+* 59.91*** 46.03%**
(3.523) (3.515) (3.477)
Observations 38,908 38,908 38,908
R-squared 0.478 0.479 0.497

Standard errors in parentheses
HE p<0.01, ** p<0.05, * p<0.1
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Table 8: Log of Firms With All 20 Years of Data

(0 2 @
VARIABLES Private For-Profit Co-op vs.
Vs. VS. POU wvs.
Public Nonprofit For-Profit
Private 0.0473***
(0.00353)
For-Profit -0.261%%*
(0.00570)
Cooperative 0.330***
(0.00601)
Public 0.212%**
(0.00583)
Total Customers -3.83e-09  1.15e-07***  1.16e-07***
(5.87e-09) (6.15e-09) (6.07e-09)
% of Residential Customers 0.362%** 0.344*** 0.353*#*
(0.0518) (0.0506) (0.0499)
% of Commercial Customers -0.685%** -0.612%** -0.533%F*
(0.0531) (0.0519) (0.0513)
% of Industrial Customers -0.727*** -0.695*** -0.688%***
(0.0541) (0.0529) (0.0522)
Natural Gas Price 0.00245%%% 0.00247***  0.00260***
(0.000920)  (0.000899)  (0.000887)
1-Yr Lagged Natural Gas Price  0.000687 0.000740 0.000817
(0.000921)  (0.000899)  (0.000888)
Deregulated Dummy 0.0299 0.0116 -0.00333
(0.0295) (0.0288) (0.0284)
1-Yr Lagged Deregulated 0.00808 0.0128 0.00570
(0.0330) (0.0322) (0.0318)
2-Yr Lagged Deregulated -0.0172 -0.0138 -0.00584
(0.0268) (0.0261) (0.0258)
3-Yr Lagged Deregulated 0.0136 0.00164 0.000392
(0.0225) (0.0219) (0.0217)
4-Yr Lagged Deregulated -0.0195 -0.00628 -0.00435
(0.0205) (0.0200) (0.0198)
5-Yr Lagged Deregulated -0.0961***  -0.0763***  -0.0744***
(0.0151) (0.0148) (0.0146)
Constant 4,217 4.266%*F* 3.986***
(0.0517) (0.0504) (0.0500)
Observations 38,882 38,882 38,882
R-squared 0.461 0.486 0.500

Standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1

As mentioned, I rerun my model after omitting firms that have less than

20 years of data in my sample. This results in 18,605 observations and

1,291 firms to drop from my sample. The R? increases from around 0.22
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to 0.48 after dropping these firms, signaling a much higher goodness of
fit with the firms left; the dropped firms may have contributed only as
noise in my analysis. The main point of note with the new estimates is
that table (7) column (3) shows that both cooperative and public electric
utility coefficients are significantly positive. This implies that as seen from
Peters (1993) and Berry (1994), 0 < 1, 5> holds true for equation (5), as

we expected earlier.

Appendix C Robustness Checks

C.1 Hausman Specification Test

In order to discern whether a state and year fixed effects was the appro-
priate model over the random effects model, I use a Hausman specification
test. The Hausman specification test’s null hypothesis states that the pre-
ferred model is random effects since the unique errors are not correlated
with the regressors. The test returns x? = 0.0109, from which we can reject
the null hypothesis, and conclude that the unique errors are correlated with
the regressors. The fixed effects model is more efficient, and thus preferred

for my purposes.

C.2 Model Stress Tests

To ensure robustness of the models presented, I check for any significant
changes to the ownership status coefficients under model modification stress
tests. Table (9) shows the effects of removing various control variables on
the private ownership dummy variable from our model in equation (1).

Tables (10) and (11) show results for the same stress test on equations (2)
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and (5), respectively.
The robustness checks show that the ownership coefficients do not signif-
icantly change in effect nor significance under these stress tests'?, showing

that the specifications I use are robust.

12Note that in Table (11), although the coefficient for POUs change significance for
columns (1) and (6), they are still significantly positive, same as the 20-year robustness
check.
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Appendix D Graphs

Figure 1: Price and Market Size (IOUs)
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Revenue/Power

Figure 2: Price and Market Size (IOUs and POUs)

o
o
L]
("]

-
o
o
L
—

-

-

-
o
g—-
—
L]
D_
1]

- - '™
u-:-::dbni"‘."-"!'ll o2

D_

| T | T |
0 1000000 2000000 3000000 4000000 5000000
Total Customers

+« Private +« Public

30



Figure 3: Effect of Deregulation on Price
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Figure 4: Residential Customers and Price
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