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Abstract: Since the 1990s, market liberalization of the electricity industry has advanced all around
the world. To survive in the drastically changing business environment, incumbent electric utility
companies have conducted operational reforms, including Mergers and Acquisitions (M&As), to
enhance and/or complement existing business capabilities. The purpose of this study was to measure
the operational efficiencies of 31 of the world’s largest electric utility companies using data from 2010
to 2020 and examine regional differences in and the impacts of M&As on the efficiencies. For this
purpose, we applied a new type of Data Envelopment Analysis (DEA) and Tobit model regression.
We provide findings from the empirical analyses and discuss the business implications of M&As for
electric utility companies. The operational efficiency measures were different among regions, but
did not show statistically significant changes over the study period from 2010 to 2020. Furthermore,
the results of regression analyses indicate that the increasing number of M&A buying transactions
and M&A total transactions has a negative marginal impact on the operational efficiency or leads
to a lower operational efficiency for utility companies. Since electricity utility companies have not
received gains in operational efficiency from increasing the number of M&A transactions, they
need to be more cautious about whether M&A transactions can provide value to the operation and
technology management.

Keywords: electric utility companies; data envelopment analysis; operational efficiency; regional
difference; mergers and acquisitions

1. Introduction

Operational efficiency represents a fundamental capability of business entities for
surviving in a competitive environment. After the global trend of market reforms in the
energy industry, most electric power companies made managerial efforts to adapt to a new
competitive environment. Large incumbent electric power companies are not exceptions to
the trend, and they have conducted dramatic structural reforms through the separation
of the transmission and distribution network divisions from the generation division and
the creation of wholesale power markets for power trading. Mergers and Acquisitions
(M&As) of energy utility firms are also structural reforms that can be conducted in a
liberalized market.

The vertical separation of utility firms is often required in order to follow governmental
deregulation policy, while M&As are more proactive managerial strategies that firms can
use to obtain a competitive edge by expanding and complementing existing business
lines. Moreover, leading companies with a large amount of capital strategically acquire
new technologies through M&As in their core fields in generation, transmission, and
distribution and retail sectors to prepare for future innovative businesses. As stated in [1],
energy utilities are increasingly using M&As to search for growth opportunities under
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various complex factors, shift toward green energy and cope with sustainability issues,
change their business model to a sustainable one, and conduct or supplement their own
research and development (R&D) of new technologies and innovations.

Although M&As are important from the perspective of business growth and enhancing
innovation, we need to point out that no previous studies have examined the quantitative
impacts of M&As on the operational efficiency of electric utility firms. Exploring the
relationship between operational efficiency and M&As is an interesting topic because it is
reasonable to expect that M&As may enhance operational efficiency through various paths,
such as improvements in financial performance and reductions in the cost of business
operations. Refs. [2–4] examined the effects of the utility industry’s M&As on financial
performance, although the datasets they used for their empirical analyses did not cover
recent changes in the industry, such as the development of market liberalization and the
changing trends in and purposes of M&As. Ref. [5] examined M&A value creation using
relatively recent data; however, their study included both utility companies and other
infrastructure companies. This means that there is a critical gap between our academic
knowledge of and the recent business trend in electric power utilities regarding the influence
of M&As on operational efficiency.

This study aimed to examine the impacts of changes in the business environment on
electric power companies, focusing on M&A transactions and operational efficiency. The
reason why we focused on M&As is because we assume that these companies use M&As as
a tool for facilitating innovation by obtaining new technologies and businesses. In addition,
we focused on the assessment of the corporate performance of large-scale electric power
utilities for two reasons. First, large-scale incumbent utilities hold a significant number
of capital assets and supply electricity to many consumers. Second, these companies
face serious competition from new entrants due to the transition of the industry from
traditional to new business models (see [6,7] for global trends in electricity market reform).
To investigate the issue, we employed a new approach that combines efficiency measures,
statistical tests, and a regression model. These analyses provide new insights into the
literature on the electricity industry’s M&As and operational efficiency.

The structure of the remainder of this paper is as follows. Section 2 briefly reviews
the international trend in electricity market liberalization and looks at the literature on the
analysis of the efficiency and M&As of energy utility companies. Section 3 describes the
methodological framework used in this study and provides the three hypotheses that we
empirically investigated. Section 4 provides a dataset. Section 5 presents and discusses
the empirical results obtained in this study. Section 6 summarizes this study and provides
future research directions.

The abbreviations used in this paper are as follows: AI, artificial intelligence; DEA,
data envelopment analysis; DMU, decision-making unit; EBITDA, earnings before interest,
taxes, depreciation, and amortization; EU, European Union; EWG, exempt wholesale
generator; IPP, independent power producer; ISO, independent system operator; M&As,
Mergers and Acquisitions; OE, operational efficiency; OI, operational inefficiency; R&D,
research and development; RTO, regional transmission organization; RTS, return to scale;
PUHCA, Public Utility Holding Company Act; TEV, total enterprise value.

2. Background and Literature Review
2.1. Background

We briefly review the international trend in the market liberalization of the electricity
industry in three regions, i.e., Europe, the United States (US), and Asia. The European
Union (EU) advanced the liberalization of internal gas and electricity markets in stages.
The EU adopted the First Energy Package for the European single market in 1996 for
electricity and in 1998 for gas. They were transposed into Member States’ legal systems
by 1998 (electricity) and 2000 (gas). The Second Energy Package was adopted in 2003. The
directives were transposed into the national law of the Member States by 2004. In the retail
market’s liberalization, industrial and domestic consumers were given the option to choose
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their own gas and electricity suppliers from not only incumbent but also new companies
that competed with each other. In April of 2009, the Third Energy Package was adopted
to further promote the liberalization of the internal energy market. In June of 2019, the
Fourth Energy Package was adopted to introduce new electricity market rules to meet the
need for renewable energies and attract investments. Ref. [8] looked at the evidence of
the impact of the European single market in electricity on prices, the security of supply,
the environment, and innovation. The study found that there has been significant market
harmonization and integration, whereas the measured benefits are likely to be small due to
the large increase in subsidized renewable energy generation that has been driven by the
decarbonization agenda.

In the US, the Energy Policy Act of 1992 established a new type of IPP known as an
exempt wholesale generator (EWG). The EWGs were exempt from regulation under the
Public Utility Holding Company Act (PUHCA) of 1935, so they could own and operate
power plants and sell electricity in the wholesale power market. Orders 888 and 889 were
issued in 1996 to further promote market liberalization through the functional separation
of generation and transmission and provide open access to the transmission network.
Further, Order 2000 was issued to facilitate the energy market’s liberalization by creating
independent system operators (ISOs) and regional transmission organizations (RTOs).
Contrary to the federal-level deregulation procedure, the introduction of competition to
the retail market has been pursued by individual states. As of 2024, 13 of the 50 US states
and Washington D.C. have implemented full retail liberalization. The electric utilities in
the US operate under a variety of market structures, depending upon the states in which
they operate.

Finally, Asian countries followed the trend of Western countries and liberalized their
energy utility markets. In Japan, for example, high electricity costs as well as internal
and external price differences became a policy issue in the 1990s. In this context, the
Electricity Business Act was amended in 1995, 31 years after the previous amendment of
the law, in order to incorporate the principle of competition and other measures. Japan’s
electricity industry gradually implemented market liberalization under governmental
control and the speed of the reform was accelerated after the Fukushima Daiichi nuclear
accident. In April of 2016, Japan introduced a licensing system for generation, transmission,
and distribution networks and retail business sectors. Japan also implemented full retail
liberalization, including for residential consumers. Two years later, in April of 2018, the
gas retail market was fully liberalized. As of today, over 700 new retail electric power
companies have been registered in the Japanese market. According to [9,10], China has
been conducting electricity market reforms since the State Council’s 2015 “Document 9”
and subsequent regulatory documents and creating wholesale power markets. The market
reform continues to regulate transmission and distribution network companies and has
been gradually liberalizing the wholesale and retail electricity sectors, whose prices used to
be determined by the government. As in the other economies, China’s electricity industry
reform aims to achieve a more market-based environment and allow for the engagement of
private investments in the power sector.

2.2. The Literature on Efficiency Analysis of Electric Power Utilities

Next, we summarize previous studies that examined various efficiencies (e.g., oper-
ational, managerial, and financial) and the combined efficiencies of electric power utility
companies. Since we used DEA for the empirical model, we first refer to [11], who reviewed
a research trend in efficiency analysis applied to energy and environmental issues using
DEA from 693 articles published during the period 1980–2010. DEA is a popular method for
holistic efficiency assessment and is based on mathematical programming. Although the
study’s focus was placed on the DEA methodology and its applications, it also compares
DEA with other methodologies such as econometric analyses and survey papers.

The research indicates that the productivity and efficiency of the electricity industry
have been popular research topics since the 1980s, a relatively early period of research
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on DEA as applied to energy and the environment. A reason for the popularity during
the early period of DEA research was the availability of a well-organized operational
and financial database because the industry has historically been regulated by local or
central governments. In particular, relatively long time-series operational datasets on the
electricity industry have been available in a stable manner to researchers from public do-
mains. Under such governmental regulations, “X-inefficiency” was a well-known problem
among researchers that could arise in regulated companies because of a lack of market
discipline, which usually functions in firms under market competition conditions [12].
Therefore, efficiency assessment and control under regulation were important issues to
electric power companies and helped them prevent the occurrence of inefficiencies. The as-
sessment was also useful to regulatory agencies when considering how to prepare effective
regulation schemes.

Under the process of deregulation, the transmission/distribution network was un-
bundled from electricity generation in order to promote fair competition among incum-
bent utilities and new entrants. The governmental regulations remained in the transmis-
sion/distribution network sectors, while other businesses, such as the electricity generation
and retail sectors, were liberalized and market competition was introduced in these sectors.
This brought about changes in research interests for the energy sector, wherein the research
trend gradually shifted away from the efficiency analysis of a company as a whole to that
of individual sectors for generation, transmission, distribution, and retail. This trend can
be observed in [11], in which the increase in published papers for total utility operations is
modest compared with that for the generation and network sectors. For example, many
researchers have devoted their efforts to the efficiency analysis of electric power plants,
focusing on the generation sector. These researchers include [13–16]. Moreover, studies
on individual technologies for energy conservation, renewable energy sources, and envi-
ronmental protection and sustainability have gained momentum and become the most
popular research topics. For example, studies on companies’ performance with respect to
renewable energy sources include [17–24].

2.3. The Literature on the M&As of Electric Power Utilities

Recognizing the recent trend in the prior literature, however, we need to point out
that the assessment of the corporate performance of large-scale electric power utilities
is of interest to us from two perspectives. First, large-scale incumbent utilities hold a
significant number of capital assets and supply electricity to many consumers. Thus,
their operations still significantly influence consumers’ costs and benefits. Second, they
face serious competition from new entrants due to the transition of the industry from
traditional to new business models. To establish new utility business models, they have
been acquiring new technologies in green business, energy storage, AI, smart energy, smart
operations, platform operations, and big data processing, e.g., as discussed in [1,25–31],
through innovation and competitive strategies. Such strategies often appear in companies’
R&D expenses and patent applications. In addition, the management of large-scale utilities
influences funding, M&As, and strategic alliances with venture capital businesses that
hold these new technologies. This study analyzes the relationship between the operational
efficiency of utility companies and M&A behavior. This is because M&As that buy new
businesses are a clear measure of energy companies’ efforts to improve their performance
and create new value from innovation.

2.4. Purpose of the Study

Market liberalization and regulatory changes have rapidly occurred all around the
world and inevitably influenced the management strategy of electricity utility companies.
However, as stated earlier, few studies have examined the impacts of these changes on large-
scale electric power utilities, particularly from the perspective of impacts on operational
efficiency. Further, as stated in [32–34], merger proponents and opponents hold different
opinions on efficiency gains from M&As, and conflicting evidence has been produced. This
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study investigates the impacts of changes in the business environment on the operational
efficiency of electric power companies, particularly focusing on M&A transactions as a tool
for facilitating innovation and the resulting regional differences among companies.

3. Methodological Framework

We conducted the three-step analysis visually described in Figure 1.
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Step 1 of DEA has a unique feature in that it combines radial and non-radial mod-
els. The model can measure the operational efficiency of utility firms by using the DEA
intermediate approach [35] that maintains both input and output production factors and
determines the degree of OE by considering these individual influences. Step 2 performs a
non-parametric (rank-sum) test to examine regional and annual differences in OE measures.
Step 3 conducts a non-parametric test to examine the differences in OE between M&A-
active and non-M&A-active companies. Step 3 also performs a Tobit regression analysis in
which OI is a dependent variable.

Note that DEA does not provide any statistical inferences, so we generally have some
difficulty in applying various statistical tests to DEA efficiency measures. The combination
of the DEA model and non-parametric statistical tests opens up a new research avenue for
empirical studies on the performance assessment of firms.

3.1. DEA for Operational Efficiency (OE)

We first measured the operational efficiency of electricity utility companies. Here, each
utility company corresponds to a DMU, which is a widely used abbreviation in DEA studies.
In each DMU, production technology transforms an input vector with m components (X)
into an output vector with s components (G). We utilized the intermediate DEA approach
that was first proposed by [35]. Their study includes a new formulation for the intermediate
model that incorporates undesirable outputs (e.g., CO2 emissions). Our formulation does
not include undesirable outputs; thus, it more straightforwardly combines inputs and
outputs in a unified structure in the DEA model.

In the use of DEA, we determine the level of operational efficiency (OE) of a specific kth
DMU by relatively comparing n DMUs ( j = 1, . . . , n) at the tth period in a total of Z periods
( z = 1, . . . , Z). That is, we consider n DMUs to be evaluated and the jth (j = 1, . . . , n)
DMU uses a column vector of inputs (Xj) to yield a column vector of outputs (Gj), where

Xj =
(

x1j, x2j, . . . , xmj
)T and Gj =

(
g1j, g2j, . . . , gsj

)T . Here, the superscript T indicates
a vector transpose. It is assumed that Xj > 0 and Gj > 0 for all j = 1, . . . , n.
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We evaluated the performance of each DMU by the proposed intermediate approach.
In particular, we measured the degree of OE of the specific kth DMU at the specific tth
period under variable returns to scale technology (OEv

kt) by using the following model:

Maximize 1
m+s (∑

m
i=1 ξikt + ∑s

r=1 ξrkt) + εn

[
∑m

i=1 Rx
i dx

ikt + ∑s
r=1 Rg

r dg
rkt

]
s.t. ∑T

z=1 ∑n
j=1 xijzλjz + dx

ikt + ξiktxikt = xikt (all i & speci f ic t),
∑T

z=1 ∑n
j=1 grjzλjz − dg

rkt − ξrktgrkt = grkt (all r & speci f ic t),
∑T

z=1 ∑n
j=1 λjz = 1,

ξikt ≤ 1(all i & speci f ic t), ξrkt ≤ 1 (all r & speci f ic t),
ξikt : URS(all i & speci f ic t), ξrkt : URS (all r & speci f ic t),
λjz ≥ 0 (all j & z),
dx

ikt ≥ 0 (all i & speci f ic t) & dg
rkt ≥ 0(all r & speci f ic t),

(1)

where λjz = (λ1z, λ2z, . . . , λnz)
T is a column vector of unknown variables (often called

“structural” or “intensity” variables) used to connect the input and output vectors by a con-
vex combination. Ri (i = 1, . . . , m) and Rr (r = 1, . . . , s) represent data range adjustments
on X and G, and dx

ikt (i = 1, . . . , m) and dg
rkt (r = 1, . . . , s) are all slack variables related to

inputs and outputs, respectively. εn is a very small prescribed number, which was set to
be 0.0001 in this study. s.t. stands for subject to, URS stands for unrestricted, and ξ is an
inefficiency score. The unified inefficiency scores (ξikt and ξrkt) indicate the magnitude of a
directional vector toward the frontier, and the slacks (dx

ikt and dg
rkt) are used to express the

parts of the difference that cannot be specified in the unified inefficiency scores.
The first term of the left-hand side of the first and second constraints in Model (1)

formulates an efficiency frontier of DMUs in all periods (z = 1, . . . , Z). Thus, the frontier
consists of the best performers of all DMUs and all periods. Moreover, the right-hand
side indicates the observed performance of a specific kth DMU in a specific tth period.
The remaining parts on the left-hand side, +dx

ikt + ξiktxikt and −dg
rkt − ξrktgrkt, indicate the

differences between the efficiency frontier and the observed performance of the specific kth
DMU at the tth period in multiple dimensional factors.

The degree of OEv
kt of the kth DMU at the tth period is measured by

OEv
kt = 1 −

{
1

m + s

(
∑m

i=1 ξ∗ikt + ∑s
r=1 ξ∗rkt

)
+ εn

(
∑m

i=1 Rx
i dx∗

ikt + ∑s
r=1 Rg

r dg∗
rkt

)}
, (2)

where the superscript (v) stands for variable returns to scale (RTSs) in production technology.
The inefficiency score (ξ) and all slack variables (dx

ikt and dg
rkt) are determined on the

optimality (*) of Model (1). The degree of OE (0 < OE ≤ 1) is obtained by subtracting the
level of unified inefficiency from unity as specified in Equation (2).

Model (1) has two important features. First, the efficiency value does not depend upon
the type of factor orientation (i.e., inputs or outputs). The standard DEA models originate
from the ratio form such that they have the two types of orientation featured with either
inputs or outputs. The input-oriented efficiency is different from that of the output-oriented
measure. The analytical feature implies that we may have some difficulty in understanding
which efficiencies we should use for our assessments. Moreover, Model (1) does not have
this difficulty in determining the level of efficiency because all factors (inputs and outputs)
are unified by a single efficiency measure (OEv

kt). Second, Equation (2) can be connected to
non-parametric statistical tests that are based upon the computational results of Model (1)
because it produces the ranks of all DMUs over all periods. This is a methodological benefit
for examining the null hypothesis of whether there is no difference in unified OE measures
among different regions and periods. As already stated, the major difficulty of the standard
DEA is that it does not provide any statistical inferences. As a result, we often encounter
problems in applying it to empirical studies. That is a shortcoming of DEA. In this study,
we attempted to overcome these conventional difficulties using non-parametric statistical
tests and regression analyses of efficiency measures.
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3.2. Mann–Whitney U Test and Tobit Regression

First, we conducted a Mann–Whitney U test between the two groups. Then, to
examine the impacts of regional differences and M&As on OE, we performed a panel-data-
censored Tobit model regression, wherein the level of “operational inefficiency” (OI) is
considered a dependent variable and regional dummies and the number of M&As are
used as independent variables. Specifically, we transformed the efficiency measure OE into
“Operational Ine f f iciency (OI) = 1 − operational e f f iciency (OE)”. This is because we
imposed a zero-censoring threshold on the Tobit regression so that it adopts the standard
setting of the Tobit model for our computational convenience. Due to this transformation,
we understand that variables with positive coefficients decrease efficiency, while those
with negative coefficients increase efficiency when they increase. After the transformation,
each efficiency measure changes into an inefficiency measure OI, which distributes on
[0, 1] where the censoring point is zero. The zero in the OI corresponds to the status of
full efficiency. Consequently, we performed a regression (panel data Tobit regression) to
analyze the OI.

Specifically, we describe the basic formulation of the estimation model as follows.

OIat = f
(

regional dummyj, M&Aat−1

)
+ uat, (3)

where uat is a random error term, the subscript a represents the ath company (a = 1, . . . , 31),
t represents the tth period (t = 2011, . . . , 2020), and j denotes the jth region (j = 1, 2, 3)
among the four regions for the dummy variable that takes 1 for Region 1 (Europe), Region 2
(North America), and Region 3 (Asia Pacific) and zero for the others. Note that we use the
one-period lag variable of M&As (M&Aat−1), considering the lagged impact of M&As on
the OE.

3.3. Hypotheses on Region, Time, and M&As

The first research issue explored in this study was to determine whether there are dif-
ferences in terms of OE among different regions. The companies’ headquarters are located
in different regions and operate under distinct processes and time schedules on deregula-
tion. The market reforms of the electricity industry are briefly described in Section 1. In
this study, we classified 31 electric power utility companies into four groups according
to their region (Europe, the US and Canada, the Asia Pacific, and others). In addition,
we were interested in examining whether their efficiencies varied over time during the
observed annual periods. These hypotheses are based on [3], in which the regional and
time differences in companies (North America and Europe in their study) influenced M&A
value creation and operational efficiency due to the differences in the business environment
and regulation. Two of the null hypotheses examined in this study can be summarized
as follows.

Hypothesis 1: The four regional groups do not show any difference and belong to the same group
in terms of their OE measures.

Hypothesis 2: The different annual periods from 2010 to 2020 do not show any difference and
belong to the same group in terms of their OE measures.

In addition, to examine whether the M&A strategy of electric power companies affects
the level of OE, we classified the 31 companies into two groups: those that are active in
M&As for business growth (M&A-active companies) and those are not (non-M&A-active
companies). An M&A-active company was defined in such a manner that the average
number of M&As over time is placed in the first quartile among all companies, while a
non-M&A-active company is in the fourth quartile. Then, we examined the following
hypothesis:
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Hypothesis 3: The two groups of electric power companies (i.e., M&A-active and non-M&A-active
companies) belong to the same group in terms of their OE measures.

This is based on the various efficiency hypotheses described for electric power utilities
in [33], that is, merger-induced efficiencies include scale economies, system reliability, en-
ergy interchange, load diversity economies, maintenance economies, emergency responses,
and other economies. All these factors influence how utility companies improve their
operational efficiency.

4. Data Description

The dataset used in this study consists of 31 of the world’s largest electric power utility
companies, which were selected by applying the condition that both the total revenue and
total assets of the annual period 2020 were more than USD 10 billion. The data period was
from 2010 to 2020 (11 annual periods). All companies are public companies that are listed
on stock exchange markets.

For our efficiency analysis, we used three inputs and three outputs. The inputs were
total assets, total operating expenses, and capital expenditure. These input variables repre-
sent essential resources for company operations that include capital, labor, and materials.
They are measured in monetary terms. The three outputs were total revenue, EBITDA,
and TEV as of the 1st of July for each year. The total revenue is the gross output of each
company in monetary terms. This variable also represents the business scale of a company.
The EBITDA represents a company’s capability to earn profit from its core business. This
output variable is often used to analyze the profitability of international companies because
interest rate levels, tax rates, and depreciation methods differ from country to country. That
is, this variable evaluates profitability while avoiding the influence of these differences in
profitability measures. The EBITDA is also useful for the comparison of companies with
large capital investments and high depreciation burdens because it aims to exhibit the
amount of profit by minimizing the impacts from those differences in capital investments.
Thus, the EBITDA is useful for the common assessment of large-scale electric power utility
companies located in various countries. The TEV represents a company’s total value, which
includes not only a company’s equity value but also the market value of its debt. In addition
to conventional accounting variables, market values such as TEV are useful for measuring
a company’s output.

We also used the number of M&As for each company and year, which was separated
into buying and selling contracts. All input and output data and the number of M&As
were obtained from the S&P Capital IQ database. Table 1 presents the period average of
variables for each company and the total averages for each variable. Inputs and outputs
were measured in monetary units by million USD and were calculated using historical
conversion rates. The numbers of M&As were counted during the year when the contracts
were closed.

Table 1. Averages of Variables Used in This Study.

Company Name Country and City
of Headquarters

Total
Assets

Total
Operating
Expenses

Capital Ex-
penditure

Total
Revenue EBITDA

Total
Enterprise

Value
M&A-
Buy

M&A-
Sell

Electricité de France S.A. France, Paris 326,268 76,414 17,167 84,818 18,137 94,879 13.64 11.18
Enel SpA Italy, Rome 200,811 78,453 8446 90,611 18,523 125,030 6.09 6.64
Korea Electric Power
Corporation South Korea, Naju 150,808 45,463 11,349 48,758 10,945 65,657 2.09 1.36

Duke Energy Corporation USA, Charlotte 120,842 15,960 7156 20,872 8576 88,733 4.82 1.73
Iberdrola, S.A. Spain, Bilbao 126,572 33,459 5468 39,071 9373 83,683 2.36 5.27
Saudi Electricity
Company

Saudi Arabia,
Riyadh 94,326 11,176 10,074 12,256 4785 44,781 0.00 0.00

Exelon Corporation USA, Chicago 95,738 24,170 6500 28,304 8060 59,718 0.73 1.18
NextEra Energy USA, Juno Beach 85,277 12,202 9951 16,527 7354 87,496 3.55 3.09
Southern Company USA, Atlanta 88,163 15,187 6139 19,355 6912 77,058 4.18 1.09
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Table 1. Cont.

Company Name Country and City
of Headquarters

Total
Assets

Total
Operating
Expenses

Capital Ex-
penditure

Total
Revenue EBITDA

Total
Enterprise

Value
M&A-
Buy

M&A-
Sell

Tokyo Electric Power
Company Holdings Japan, Tokyo 136,922 56,405 6181 58,208 8052 69,162 2.73 2.18

PG&E Corporation USA, San Francisco 65,804 14,323 5413 16,411 4711 37,607 0.18 0.18
American Electric Power
Company USA, Columbus 62,576 12,407 4627 15,510 5011 50,002 0.91 1.00

Kansai Electric Power
Company Japan, Osaka 73,292 29,355 4245 30,121 4634 49,665 1.73 0.55
Fortum Oyj Finland, Espoo 31,488 9609 1084 11,133 2199 24,539 4.09 8.73
Edison International USA, Rosemead 52,631 9795 4204 12,067 3860 33,549 0.36 0.91
Entergy Corporation USA, New Orleans 46,173 9270 3544 11,122 3568 29,134 0.73 0.55
EnBW Energie
Baden-Württemberg AG

Germany,
Karlsruhe 47,026 23,206 1722 24,357 2379 16,499 4.18 3.00

Chubu Electric Power
Company Japan, Nagoya 55,472 25,778 2842 26,809 3692 36,440 3.82 1.36

Xcel Energy Inc. USA, Minneapolis 39,299 9133 3359 11,075 3322 33,140 1.09 0.45
EDP-Energias de Portugal Portugal, Lisbon 51,357 16,267 2695 18,391 3856 37,574 2.27 3.00
Kyushu Electric Power
Company Japan, Fukuoka 45,159 17,196 2835 17,201 2281 32,375 0.82 0.36

Tenaga Nasional Berhad Malaysia, Kuala
Lumpur 33,315 9567 2379 11,380 3265 24,199 1.27 0.00

FirstEnergy Corp. USA, Akron 45,432 10,731 2767 12,792 3459 36,633 0.27 0.64
Tohoku Electric Power
Company Japan, Sendai 41,373 18,607 2717 19,332 3059 29,664 0.45 0.36

Endesa Spain, Madrid 51,363 24,242 2268 27,694 5438 36,556 2.09 1.91
Rosseti Russia, Moscow 39,352 14,135 4240 16,504 4389 15,537 4.18 1.82
Chugoku Electric
Power Co. Japan, Hiroshima 29,921 11,733 1662 12,134 1536 23,235 0.45 0.27

CLP Holdings Limited Hong Kong, Hung
Hom 27,761 9422 1337 11,237 2725 31,050 1.00 0.45

Enel Américas S.A. Chile, Santiago 25,429 8301 1003 10,821 3303 20,129 0.91 0.55
PGE Polska Grupa
Energetyczna S.A. Poland, Warsaw 18,879 7226 1702 8418 2002 9436 2.18 1.91

Public Joint Stock
Company Inter RAO UES Russia, Moscow 11,780 14,396 681 15,187 1177 4560 5.36 4.00

Total Average 74,858 21,729 4702 24,467 5503 45,410 2.53 2.12

Note: All data were obtained from the S&P Capital IQ database. The monetary units were converted to million
USD based on the historical exchange rate for total assets, total operating expenses, capital expenditure, total
revenue, EBITDA, and total enterprise value. The numbers of mergers and acquisitions for M&A buying and
M&A selling contracts were counted for the year when the contracts were closed. M&A-active companies are
Electricité de France S.A., Enel SpA, Duke Energy Corporation, Iberdrola, S.A., NextEra Energy, Fortum Oyj,
EnBW Energie Baden-Württemberg AG, and Public Joint Stock Company Inter RAO UES, and non-M&A-active
companies are Saudi Electricity Company, PG&E Corporation, Edison International, Entergy Corporation, Kyushu
Electric Power Company, Tenaga Nasional Berhad, FirstEnergy Corp., Tohoku Electric Power Company, and
Chugoku Electric Power Co.

5. Empirical Results
5.1. Operational Efficiency and Statistical Tests

Table 2 shows the results on OE sorted by region (Region 1, Europe; Region 2, North
America; Region 3, Asia Pacific; Region 4, the others), with total averages for each company
and year. Table 3 summarizes the OE group averages in the four regions, with total averages
for each year at the bottom of the table and those for each company on the right of the
table. The OE was calculated by using Equation (2), which applies the optimal values
in Model (1). Figure 2 visually describes the annual development of the group average
efficiencies described in Table 3.

To statistically examine whether Hypotheses 1 and 2 are valid or not as described
in Section 3.3, we performed two non-parametric tests. Table 4 shows the results of
the Kruskal–Wallis rank-sum tests, wherein Test 1 is for Hypothesis 1 and Test 2 is for
Hypothesis 2. Further, Table 5 shows the results of the Mann–Whitney U test, wherein
Test 3 is for Hypothesis 3 on the M&A-active and non-M&A-active company groups.
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Table 2. Results on Operational Efficiency (OE).

Region Country and City
of Headquarters Company Name

Year

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Avg.

1

Finland, Espoo Fortum Oyj 0.882 0.897 0.833 0.831 0.895 0.821 0.672 0.648 0.824 0.837 0.726 0.806

France, Paris Electricité de
France S.A. 0.835 0.839 0.741 0.776 0.788 0.730 0.658 0.635 0.655 0.663 0.653 0.725

Germany,
Karlsruhe

EnBW Energie
Baden-
Württemberg AG

0.638 0.636 0.669 0.582 0.504 0.513 0.491 0.643 0.556 0.541 0.648 0.584

Italy, Rome Enel SpA 0.969 0.972 0.923 0.965 0.968 0.959 0.924 0.954 0.962 0.965 0.969 0.957

Poland, Warsaw PGE Polska Grupa
Energetyczna S.A. 0.665 0.786 0.599 0.665 0.639 0.644 0.594 0.599 0.534 0.548 0.515 0.617

Portugal, Lisbon EDP - Energias de
Portugal 0.746 0.856 0.780 0.776 0.858 0.814 0.795 0.789 0.784 0.723 0.763 0.789

Spain, Madrid Endesa 0.934 0.936 0.860 0.671 0.904 0.910 0.874 0.899 0.864 0.866 0.913 0.875
Spain, Bilbao Iberdrola, S.A. 0.792 0.935 0.861 0.898 0.926 0.882 0.898 0.792 0.938 0.942 0.946 0.892

2

USA, Columbus American Electric
Power Company 0.856 0.856 0.841 0.822 0.826 0.832 0.864 0.848 0.799 0.832 0.860 0.840

USA, Charlotte Duke Energy
Corporation 0.806 0.831 0.778 0.928 0.926 0.923 0.935 0.937 0.913 0.920 0.937 0.894

USA, Rosemead Edison
International 0.590 0.639 0.717 0.696 0.754 0.717 0.785 0.797 0.728 0.736 0.758 0.720

USA, New Orleans Entergy
Corporation 0.794 0.699 0.647 0.719 0.783 0.697 0.725 0.705 0.652 0.735 0.718 0.716

USA, Chicago Exelon
Corporation 0.904 0.908 0.796 0.795 0.742 0.751 0.770 0.822 0.820 0.864 0.802 0.816

USA, Akron FirstEnergy Corp. 0.773 0.787 0.767 0.787 0.668 0.794 0.814 0.828 0.849 0.800 0.813 0.789
USA, Juno Beach NextEra Energy 0.812 0.805 0.761 0.884 0.919 0.920 0.922 0.946 0.927 0.941 0.942 0.889
USA, San
Francisco PG&E Corporation 0.752 0.708 0.670 0.650 0.729 0.676 0.754 0.836 0.668 0.572 0.610 0.693

USA, Atlanta Southern
Company 0.893 0.913 0.923 0.875 0.890 0.904 0.874 0.784 0.875 0.933 0.934 0.891

USA, Minneapolis Xcel Energy Inc. 0.681 0.730 0.738 0.705 0.734 0.729 0.818 0.817 0.770 0.807 0.817 0.759

3

Hong Kong, Hung
Hom

CLP Holdings
Limited 0.782 0.792 0.835 0.791 0.834 0.822 0.911 0.917 0.910 0.860 0.855 0.846

Japan, Nagoya Chubu Electric
Power Company 0.894 0.847 0.702 0.652 0.667 0.735 0.854 0.721 0.724 0.698 0.722 0.747

Japan, Fukuoka Kyushu Electric
Power Company 0.791 0.765 0.609 0.644 0.649 0.633 0.715 0.731 0.683 0.691 0.671 0.689

Japan, Hiroshima Chugoku Electric
Power Co. 0.714 0.676 0.689 0.660 0.668 0.658 0.658 0.648 0.632 0.661 0.667 0.666

Japan, Osaka Kansai Electric
Power Company 0.889 0.870 0.646 0.632 0.687 0.670 0.836 0.859 0.813 0.765 0.710 0.761

Japan, Sendai Tohoku Electric
Power Company 0.764 0.778 0.611 0.644 0.758 0.788 0.810 0.736 0.697 0.687 0.680 0.723

Japan, Tokyo
Tokyo Electric
Power Company
Holdings

0.946 0.846 0.664 0.648 0.766 0.758 0.760 0.731 0.731 0.723 0.644 0.747

Malaysia, Kuala
Lumpur

Tenaga Nasional
Berhad 0.743 0.586 0.736 0.701 0.792 0.811 0.811 0.792 0.757 0.793 0.820 0.758

South Korea, Naju
Korea Electric
Power
Corporation

0.634 0.588 0.566 0.596 0.775 0.868 0.897 0.730 0.595 0.585 0.702 0.685

4

Chile, Santiago Enel Américas S.A. 0.984 1.000 0.935 0.924 0.877 0.802 0.820 0.899 0.849 0.882 0.842 0.892

Russia, Moscow
Public Joint Stock
Company Inter
RAO UES

0.721 0.724 0.538 0.524 0.639 0.724 0.729 0.773 0.869 0.855 0.772 0.715

Russia, Moscow Rosseti 0.670 0.676 0.617 0.626 0.732 0.645 0.673 0.707 0.681 0.683 0.625 0.667
Saudi Arabia,
Riyadh

Saudi Electricity
Company 0.436 0.440 0.512 0.480 0.609 0.491 0.552 0.598 0.699 0.770 0.767 0.578

Avg. 0.784 0.785 0.728 0.727 0.771 0.762 0.780 0.778 0.766 0.770 0.768 0.913

Note: Regions are classified into four groups (1, Europe; 2, North America and Canada; 3, Asia Pacific;
4, the others).

Table 4 indicates that Hypothesis 1 is rejected at the 1% significance level, and Hy-
pothesis 2 is not rejected at the 10% significance level. That is, OE measures are different
among the four regions, but do not show statistically significant changes over the study
period from 2010 to 2020. Thus, regional differences are persistent and relatively important
compared with temporal changes in OE. Furthermore, Table 5 indicates that Hypothesis 3 is
rejected at the 1% significance level, implying that the OE is different between M&A-active
and non-M&A-active companies.
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Table 3. Regional Classification: Annual Averages.

Region
Year

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Avg.

1 0.808 0.857 0.783 0.770 0.810 0.784 0.738 0.745 0.764 0.761 0.767 0.781
2 0.786 0.788 0.764 0.786 0.797 0.794 0.826 0.832 0.800 0.814 0.819 0.801
3 0.795 0.750 0.673 0.663 0.733 0.749 0.806 0.763 0.727 0.718 0.719 0.736
4 0.703 0.710 0.651 0.639 0.714 0.665 0.694 0.744 0.774 0.797 0.752 0.713

All 0.784 0.785 0.728 0.727 0.771 0.762 0.780 0.778 0.766 0.770 0.768 0.765

Note: Regions are classified into four groups (1, Europe; 2, North America and Canada; 3, Asia Pacific;
4, the others).
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Table 4. Results of the Kruskal–Wallis Rank-Sum Tests.

Degrees of Freedom H-Score

Test 1 3 27.431 ***
Test 2 10 9.816

Note: *** p < 0.01.

Table 5. Results of the Mann–Whitney U Tests.

Degrees of Freedom Z-Score

Test 3 1 5.692 ***
Note: *** p < 0.01.

5.2. Regression Analysis

As an extended analysis of the statistical tests presented in Section 5.1, Tables 6 and 7
describe the results of panel data Tobit regression on OI. Table 6 presents the results of
Models 1-1 to 1-6, and Table 7 presents those of Models 2-1 to 2-6.
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Table 6. Results of Panel Data Tobit Regression (M&As on selling and buying transactions).

Dependent
Variable

Independent Variables
Model 1-1 Model 1-2 Model 1-3 Model 1-4 Model 1-5 Model 1-6

Coef. Z
Score Coef. Z

Score Coef. Z
Score Coef. Z

Score Coef. Z
Score Coef. Z

Score

Operational
Inefficiency

(OI)

MA-B
Number of
M&A Buy

(lag1)
0.003 1.85 * 0.004 2.23 ** 0.004 2.21 ** 0.004 1.47 0.005 1.75 * 0.005 1.71 *

MA-B × Q1 Interaction
term 0.001 0.18 0.001 0.19 0.001 0.26

MA-B × Q4 Interaction
term −0.001 −0.08 −0.005 −0.44 −0.005 −0.46

MA-S
Number of

M&A Sell
(lag1)

−0.002 −0.78 −0.001 −0.47 −0.001 −0.61 0.002 0.64 0.003 0.88 0.003 0.81

MA-S × Q1 Interaction
term −0.006 −1.28 −0.006 −1.33 −0.007 −1.37

MA-S × Q4 Interaction
term −0.004 −0.35 −0.009 −0.75 −0.007 −0.63

R1
Regional

dummy for
Europe

−0.064 −1.13 −0.025 −0.49 −0.060 −1.07 −0.024 −0.47

R2

Regional
dummy for

North
America

−0.085 −1.57 −0.100 −2.12 ** −0.084 −1.55 −0.098 −2.11 **

R3
Regional

dummy for
Asia Pacific

−0.013 −0.23 −0.041 −0.85 −0.013 −0.23 −0.039 −0.81

Q1
Company

dummy for
M&A-active

−0.041 −1.03 −0.047 −1.18 −0.030 −0.70 −0.036 −0.84

Q4

Company
dummy for
non-M&A-

active

0.080 2.16 ** 0.094 2.67 *** 0.091 2.39 ** 0.104 2.88 ***

Constant 0.278 6.05 *** 0.215 9.12 *** 0.264 6.22 *** 0.276 6.01 *** 0.208 8.54 *** 0.256 5.99 ***
Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 7. Results of Panel Data Tobit Regression (M&As on total transactions).

Dependent
Variable

Independent Variables
Model 2-1 Model 2-2 Model 2-3 Model 2-4 Model 2-5 Model 2-6

Coef. Z
Score Coef. Z

Score Coef. Z
Score Coef. Z

Score Coef. Z
Score Coef. Z

Score

Operational
Inefficiency

(OI)

MA-T Number of
M&A (lag1) 0.001 0.94 0.002 1.50 0.002 1.39 0.003 1.51 0.004 1.85 * 0.004 1.79 *

MA-T × Q1 Interaction
term −0.003 −1.19 −0.003 −1.20 −0.003 −1.19

MA-T × Q4 Interaction
term −0.003 −0.37 −0.007 −0.93 −0.006 −0.86

R1
Regional

dummy for
Europe

−0.070 −1.23 −0.031 −0.61 −0.064 −1.14 −0.030 −0.58

R2

Regional
dummy for

North
America

−0.085 −1.57 −0.101 −2.11 ** −0.084 −1.54 −0.098 −2.07 **

R3
Regional

dummy for
Asia Pacific

−0.013 −0.23 −0.042 −0.84 −0.014 −0.26 −0.040 −0.81

Q1
Company

dummy for
M&A-active

−0.045 −1.13 −0.049 −1.21 −0.027 −0.64 −0.032 −0.73

Q4

Company
dummy for
non-M&A-

active

0.079 2.11 ** 0.091 2.57 ** 0.091 2.38 ** 0.103 2.82 ***

Constant 0.280 6.07 *** 0.216 9.14 *** 0.267 6.24 *** 0.278 6.01 *** 0.208 8.45 *** 0.257 5.92 ***
Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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The dependent variable is OI for both tables as described in Equation (3). M&A vari-
ables are separated into buying and selling transactions in Table 6 (MA-B and MA-S), while
they are summed to make a single integrated variable (MA-T) of total M&A transactions
in Table 7. In both tables, Model 1 (1-1 and 2-1) is the base model that employs a limited
number of variables with M&A variables and regional dummies as independent variables.
In particular, these variables are MA-B for the number of M&A buying transactions, MA-S
for the number of M&A selling transactions, and MA-T for the number of M&A total
transactions, in which it is noted that all these MA variables lag one period behind the
dependent variable in order to take into consideration the impact of the transaction on the
efficiency measure. The other models are modified versions based on Model 1.

For example, Model 2 (1-2 and 2-2) replaces regional dummies with company dummies
for M&A-active and non-M&A-active ones (Q1 and Q4). That is, Q1 is a dummy variable
for M&A-active companies (1 for active and 0 for the others) and Q4 is a dummy variable
for non-M&A-active companies (1 for non-active and 0 for the others). Model 3 (1-3 and
2-3) adds company dummies to Model 1. Model 4 (1-4 and 2-4) adds interaction terms to
Model 1, which are MA-B and MA-S multiplied by the company dummies (Q1 and Q4)
of M&A. Model 5 (1-5 and 2-5) replaces regional dummies with company ones based on
Model 4. Model 6 (1-6 and 2-6) employs all of the variables used in the other models.

These regression models may seem like parsimonious ones. However, as described be-
low, some important variables have already been incorporated into the analytical
framework of this study, particularly in the efficiency measure (Step 1 in Figure 1 and
Equations (1) and (2)), which is a dependent variable in the panel data Tobit regression
model (Step 3 in Figure 1 and Equation (3)). Total assets (used as an input) and total
revenue (used as an output) represent size factors, and total operating expenses (used as
an input) and capital expenditure (used as an input) represent cost factors. Regarding the
ownership of companies, all sample companies in this study were selected from listed
companies that are investor-owned companies, so there is no need to differentiate among
sample companies. Country GDP may function as a control variable in Equation (3), but
the effect of the variable is appropriately incorporated through the total revenue (used as
an output) in the DEA efficiency measure and also captured in sample-specific effects that
are formulated by a random error term in Equation (3) of the panel data Tobit regression
used in this study. Market concentration is another interesting control variable, but we
could not obtain these data. Therefore, we understand that the use of this variable is a
promising future research direction for this study.

5.3. Discussion

We obtained three findings from the results. First, all models in Table 6 show that the
estimated coefficients of the MA-B variable are positive and statistically significant at the
5% or 10% level with the exception of Model 1-4, which means that the increasing number
of M&A buying transactions has a negative marginal impact on the operational efficiency
or leads to a lower operational efficiency for utility companies. Moreover, all interaction
terms with MA-B and MA-S are not significant in Models 1-4, 1-5, and 1-6. This indicates
that the impact of M&As on the operational efficiency is not significantly different among
companies regardless of whether they have M&A-active or non-M&A-active features. The
results are almost the same as those in Table 7 with the exception of the insignificant
coefficient of MA-T from Model 2-1 to Model 2-3.

Second, the dummy variable for non-M&A-active companies is positive and statisti-
cally significant at the 5% or 1% level in all models employing this variable in Tables 6 and 7,
implying that companies with a lower number of M&As are associated with lower oper-
ational efficiency. Third, the regional dummies are not significant for almost all models
employing these variables. The exceptions are negative coefficients for North America in
Models 3 and 6 in Tables 6 and 7, indicating higher operational efficiency in companies
in the North American region. Finally, the dummy variables for M&A-active companies
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are not significant, although the sign of the coefficient is negative (higher efficiency) for
all models.

Third, it is interesting to note that the first and second findings complement each
other for the impacts on efficiency from M&As. That is, non-M&A-active companies
originally had lower efficiency levels compared with the other companies, and when the
tendency was controlled by the dummy variable, the marginal impact of M&A buying
transactions and that of M&A total transactions on the operational efficiency became
negative so as to produce lower efficiency levels. From these findings, it can be assumed
that the efficiency differences between M&A-active (higher) and non-M&A-active (lower)
companies tend to decrease with the increasing number of M&A transactions at the current
level of transactions. Thus, electric power utility companies have not received a benefit to
operational efficiency from increasing the number of M&A transactions. So, they need to
be more cautious about M&A transactions on the question of whether they can provide
value to the operation. This is a new insight obtained in this study that previous studies
have not addressed. It should be noted, however, that there might be some lag in the
positive impacts of M&As on the operational efficiency because new business portfolios
and technologies can often take some time to provide the expected results.

6. Conclusions

This study examined the operational efficiency of 31 of the world’s largest electric
power utility companies during the market liberalization period from 2010 to 2020 by
applying an intermediate DEA approach. We performed non-parametric tests and panel
data Tobit regression to examine regional differences and impacts of M&As on efficiencies.
From the results, we obtained three findings and discussed the business implications for
electric power utility companies under market liberalization.

From the empirical results, we confirmed that Hypothesis 1 is rejected at the 1%
significance level and Hypothesis 2 is not rejected at the 10% significance level, which
means that, while the operational efficiency measures are different among the four regions,
they do not show statistically significant changes over the study period from 2010 to
2020. Furthermore, Hypothesis 3 is rejected at the 1% significance level, implying that the
operational efficiency is different between M&A-active and non-M&A-active companies.

The results of the regression analyses indicate that the increasing number of M&A
buying and M&A total transactions has a negative marginal impact on operational efficiency
or leads to a lower operational efficiency for utility companies. Moreover, all of the
interaction terms of M&As were not significant in all models. This indicates that the
marginal impact of M&As on operational efficiency is not different among companies
regardless of whether they have M&A-active or non-M&A-active features. In addition,
companies with a lower number of M&As had originally been associated with a lower
operational efficiency, and companies located in the North American region had a higher
operational efficiency than companies located in the other regions.

These results reveal that efficiency differences between M&A-active (higher in effi-
ciency) and non-M&A-active (lower in efficiency) companies tend to decrease with the
increasing number of M&A transactions at the current level of M&As. Since electric power
utility companies have not received a benefit to operational efficiency from increasing the
number of M&A transactions, they need to be more cautious about M&A transactions on the
question of whether they can provide value to the operation and technological innovation.

We have five tasks to explore in the future. First, although this study focused on M&As
and considered the indirect impacts of innovation on performance, the direct impacts of
R&D expenses and patents on operational efficiency are an interesting research topic. The
construction of a dataset comprising these variables is not easy task but is worthy of
the challenge. Second, we did not look at detailed characteristics of M&A transactions.
Examining what types of M&A transactions can provide improvements in efficiency for
companies is another interesting research topic. Third, we examined electric power utility
companies, so the natural extension of this study is to include gas utility and multi-utility
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companies in samples. Fourth, it is possible to methodologically extend this study. In
particular, we could extend the efficiency measures in DEA to incorporate technological
change components with a time shift structure. Finally, introducing some variables into the
panel data Tobit regression, such as market concentration and other economic variables, is
a promising task for the future.
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