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Europe is the region that has pursued regional cooperation and integration most enthusiastically. The integration of energy systems is what Europe seeks to have synergistic
effects. This study examines European energy cooperation by focusing on the driving
factors of electricity network interconnections measured as electricity exchange flows.
Considering the socioeconomic conditions and the benefits and costs of electricity
system integration, it is puzzling why some countries’ electricity systems have been
connected and have significant electricity flows, while others do not. Furthermore, this
study asks what political, institutional, and economic drivers influence the different
levels of electricity exchange flows between European countries. While extant studies
have looked at the dynamics of energy cooperation, studies to understand electricity
network cooperation and integration have been rare. To fill this gap, this study explains
the variation of exchange flows by analyzing the dyadic data of 41 European countries
in 2013. The statistical analysis suggests that the degree of current policy coordination
of regional transmission system operator networks is positively associated with the
level of current exchange flows. However, not all institutions are effective in increasing
electricity flows. This finding implies that the experience of energy cooperation through
effective institutions, along with geographic proximity and the economic benefits of
trade, increases electricity network interconnections.
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nder the Energy Union Package published by the European Commission
(EC) in 2015 and titled A Framework Strategy for a Resilient Energy Union
with a Forward-Looking Climate Change Policy (European Commission 2015b),
the EC announced how it would integrate the energy sectors among European
Union (EU) member countries. The plan emphasized the need for an energy
union and suggested fundamental changes from a centralized, supplier-centric,
fossil fuel-based energy system to a secure, sustainable, and affordable energy
system. The package presented concrete aims and measures for the electricity
market. According to the publication, the EC wanted to pursue and meet a
10-percent electricity interconnection (grid) target for all member states by
2020 and have a complete integration of the regional energy market (European
Commission 2015a). As of 2015, 12 member states in the EU, including Portugal
(7 percent), the Baltic States (4 percent), and Spain (3 percent), remain as target
countries to accomplish the 10-percent goal set by the EC.
In addition to the interconnection of electricity grid installations at the EU
level, electricity exchanges and trade have also occurred in Europe. According
to the European Network of Transmission System Operators (ENTSO-E), the
amount of electricity exchanged in Europe in 2014 (464,280 GWh) increased
about 22 percent compared to that in 2010 (381,589 GWh) (ENTSO-E 2015).
Despite the increasing volume of electricity exchanges in general, however, the
specific amount and dynamics of electricity trade still vary between countries and
sub-regions in Europe. For instance, electricity interconnections, represented by
electricity trading, were the highest between Germany and the Netherlands at
24,939 GWh and the lowest between Hungary and Russia at 20 GWh.
Given these circumstances, this study poses the following questions. First,
which factors influence the different levels of exchange flows between countries,
and second, how are the factors of cooperative experiences in regional and
supranational institutions, geographic proximity, and electricity market size
related to the level of electricity integration? By answering these questions, this
study contributes towards identifying and explaining the drivers for energy
cooperation in the European context. In particular, this study highlights the
roles of regional energy authorities as institutions for energy policy coordination.
The composition of this study is as follows. To answer the aforementioned
research questions, the study first looks at, and theorizes about, the concept of
energy cooperation. Then, the study elaborates on the role of electricity-related
institutions and interconnections through the institutions’ electricity networks
in Europe as a mode of energy cooperation. Later, the research design and
hypotheses are explained. Subsequently, by analyzing the association between
the degree of historical policy coordination of the regional Transmission System

Institutions for European Energy Cooperation: Dyadic Data Analysis of Electricity Network Interconnections | 423

Operators (TSO) networks and current exchange flows using the dyadic data
analysis, this study will illuminate the crucial factors that explain Europe’s
functional cooperation in the area of energy.

THEORIZING ELECTRICITY ENERGY COOPERATION
Cooperation usually refers to the action of working together for a common
purpose or benefit. An examination of cooperation usually touches upon
such questions as the conditions under which political actors cooperate. The
answers are critical because actors often fail to cooperate even if there are
potential mutual benefits. Keohane (2005) examined the conditions when
cooperation happened in various areas of international political economy and
he conceptualized cooperation as a very political process of mutual policy
coordination that takes place in actual and potential discord, not in harmony.
He regarded intergovernmental cooperation as taking place “when the
policies actually followed by one government are regarded by its partners as
facilitating realization of their own objectives, as the result of a process of policy
coordination” (Keohane 2005, 51–52).
Regional cooperation, among other forms of cooperation, has been developed
through the vast literature dealing with regionalism in studies of international
politics, the EU, and other regions. The forms of regional cooperation vary:
economic cooperation includes a certain degree of favorable trade conditions,
and political cooperation includes mutual support and commitment to the
implementation of specific values and practices. There are also forms of
cooperation in diplomatic and security relationships. Among the topics of
regional cooperation, this study looks at energy cooperation; in particular,
cooperation as it relates to electricity integration. Energy cooperation can be
defined as the action when the policies actually followed by one political actor
are regarded by its partners as facilitating the realization of their own objectives
as a result of a process of policy coordination of the energy agenda in the fields
of international political economy.
However, as Hughes and Lipscy have pointed out, “much of the early work on
international energy cooperation focused on two international organizations,”
OPEC and the IEA, thus, related works needed to return to a discussion of
cooperation in other energy-related markets and their dynamics (Hughes and
Lipscy 2013, 456–457). Other than international cooperation through formal
agreements on climate change (Bättig and Bernauer 2009; Tingley and Tomz
2014), the issues of oil (Ross and Voeten 2015) and gas (Victor et al. 2006)
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can be other important topics in energy cooperation (Hughes and Lipscy 2013,
462–464). This implies that the actual subject, geographical scope, mode, level
of engagement, and consideration of actions vary by agenda. Therefore, based
on these respective agendas, looking at the costs and benefits of certain policy
coordination processes will help identify the characteristics of specific energy
cooperation initiatives.
When the policy coordination process is viewed as an important process
of regional cooperation, attempts to grasp the nature of cooperation provide
a different perspective when cooperation is viewed in terms of regulatory
coordination. While examining energy cooperation with an emphasis on its
policy coordination process allows us to identify concrete adjustment benefits
and costs, depending on different agendas for cooperation, grasping the
formation of policy through regulatory coordination helps us to understand the
process of cooperation in satisfying the ultimate policy goal (Wallace 2010).
However, under the studies that deal with various aspects of energy
cooperation, those that look at electricity energy cooperation using quantitative
methods and political economy perspectives have been rare. Especially within
the European region, which is considered as having a high degree of energy
cooperation compared to other regions (Lee 2007; Nicolas 2009), studies related
to energy cooperation have been either about EU energy policy and its regulatory
processes (Buchan 2015) or about geopolitical issues related to Russian gas (Casier
2011). Here, we contribute to this line of research by examining the European
electricity network interconnections as a unique area of energy cooperation.
To explain electricity cooperation, we need to consider the attributes of
electricity in terms of both its industrial structure and its use as an energy
resource. Considering each of these attributes will provide us with classifications
according to both the benefits of cooperation and the processes of policy
coordination (Cameron 2007; Meisen and Mohammadi 2010). 1 All three
attributes become useful in identifying the particularities of the electricity
network interconnections as a mode of energy cooperation.

1

Regardless of the nature and attributes of electricity, liberalization policies of the electricity
market are known to decrease electricity prices and strengthen transparency through competition,
just like other single-market policies. These effects are considered to be the greatest benefits of
electrical energy cooperation (Parisio and Bosco 2008). In addition, the electricity trading between
countries can lead to direct economic benefits through mutual trading in times of peak load (Korean Power Exchange 2011). However, in this study, these specific features are not provided in much
detail because we seek to determine the peculiar nature of electricity energy cooperation based on a
study of the international political economy.
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Table 1. Characteristics of Electricity and Electrical Energy Cooperation
Attributes of Electricity

Electricity is exchanged
under the structure of
networks

Type of
Attributes

Problems of
Cooperation

technical characteristics •E
 nergy
resource
depending on how it is
generated

store and its demand
changes significantly

Process of Policy
Coordination

•Decreased cost of
•Installation of
electricity exchange •Coordination over
•Industrial
electricity grid / •Decreased cost of
constructing grid
structure
infrastructure
investing in power
installations
plants

Electricity has various

Electricity is difficult to

Benefits of
Cooperation

•E
 nergy
resource

•Technical
compatibility

•Adjustment of
•Technical
maintenance
adjustment
•Elimination of
schedule
•Long-term facilitation
administrative
of trade
barriers

•E
 xchange of surplus
electricity
•Effective
•Efficient
•Technical support
management of
management of
supply/demand
power
•Decreased ratio of
facility reserve

The details provided in Table 1 are as follows. First, the electricity system
is characterized by a network system, so that electricity is exchanged under
the structure of networks. This means that electrical power is transported
through a wire in order to be both produced in a power plant and supplied to
a final consumer. This indicates that the basic installation of an electricity grid
and related infrastructure (interconnectors) is essential for electrical energy
cooperation. Its attributes are related to the industrial structure. Additional
installation of grid connections has the direct benefit of cooperation because
it allows both the exporting and importing countries to exchange electricity at
low cost and, ultimately, to reduce the cost of investment in power generation
facilities. Further, the exchange of surplus electricity is increased. In the long
term, it reduces the ratio of facility reserves. This is because policymakers who
decide the overall energy-mix structure can consider using exchanged power
instead of building new power plants. Furthermore, as the peak power times of
countries are usually different, the decreased ratio of facility reserves provides
plenty of opportunities to consider economic and political alternatives (Choubey
2014). Increased interconnections are also deemed as a means of responding to
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regional challenges related to energy security and climate change, particularly
in the EU context (Sohn 2017). However, this is usually only possible with the
increased cost of installations, as well as the increased cost of maintenance after
the installations. Yet, the long-term benefits of energy cooperation are usually
expected to outweigh the increased costs, but this characteristic, in itself, hinders
cooperation initially (De Nooij 2011). Therefore, historically, the integration
of power systems appears to have expanded from smaller regions to larger, or
multilateral, regions.
Second, electricity has various technical characteristics depending on how
it is generated. Electricity’s technical nature varies depending on the energy
source (gas, coal, nuclear, hydroelectric power, or renewables) and the specific
technology. At the same time, the electricity system is greatly influenced by
severe power outages or voltage fluctuations and their respective frequencies.
When electricity supply and demand do not match, these problems are more
severe and, in such instances, a great deal of damage can occur in households
and industries. Thus, technical compatibility of electricity exchanges is required
in each country. Cooperation through technical compatibility is essential for the
consistent adjustment of maintenance schedules, which encourages the longterm facilitation of trade. However, technical compatibility forces a country
to deal with a major policy coordination process, which also requires much
discussion, and such discussion should be preceded by the elimination of
administrative barriers.
Third, electricity is difficult to store. This peculiar aspect of electricity creates
the condition that electrical power is mainly traded between geographically
close countries. In addition, electricity has the characteristic that its demand
varies greatly. This is a unique feature of electricity—its demand varies within
not only an annual but also a daily cycle. Even if a lot of technical effort has been
made worldwide to overcome these limitations of electrical power, the fact that
produced power is difficult to store makes the problem even more difficult to
solve.
Considering these characteristics, electricity energy cooperation requires
multinational and regional institutions (Fuenfschilling and Truffer 2014;
Puka and Szulecki 2014). Why do institutions matter in terms of electricity
cooperation? First, technical support from functional institutions, such as TSOs
and their networks, reduces potential inefficiencies. Specifically, TSOs have a
primary role in maintaining the safe and reliable transmission of electricity,
and they require technical support. The TSO networks not only encourage
the basic functions of TSOs but also devise ways to manage much safer and
more efficient goals together. Consequently, they investigate and sometimes
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suggest the technical schemes to fulfill their primary role. In the process of
policy coordination among different states, regional institutions help to make
multilateral electricity cooperation much more efficient.
Second, institutions play the role of coordinators. We examined the
cooperation process in the electricity network interconnections through the
functional network of institutions in the policy coordination process. Although
the birth of electricity network interconnections seems to have been instigated by
the momentum of a common policy based on the liberalization of the electricity
market, cooperation had already been underway through the coordination
process among various actors (Wallace 2010). Typically, these various actors
included special energy regulators, TSOs, and the power exchanges.2 Among
them, the networks between the TSOs were essential for both the energy union,
which was aimed at the integrated electricity market, and for the establishment
of the integrated electricity market. Moreover, the networks between the TSOs
are a specific type of cooperation that is related to the level of the electricity
network interconnections, which is highly influenced by the characteristics of
cooperation within the electrical energy industry.
The TSOs 3 deal with the power demand and equipment status of the power
system in most European countries and play a key role in the operation of
the electricity system and in the balancing of the market (Cameron 2007). At
the same time, they play a role in the electricity system’s development and
provide comprehensive cooperation for electricity market integration (Henriot
2013). System operators should consider electricity’s attributes as a network
industry, including its various technological differences, storage difficulties, and
severe fluctuations in demand. They also will have to be able to conduct their
own actions by separating the networks into their component parts without
considering the situation at the national level.
This cooperation of these institutions called TSOs became fully visible after
the formation of the Florence Forum. Following the first legislative package,
the Florence Forum was set up in 1998 as a gathering of stakeholders in the

2

In terms of the industrial structure of electricity, there are the fields of regulatory agencies,
transmission and grid operations, and electricity market exchanges, as well as the fields of electricity
generation and distribution. However, the latter fields would be appropriate in trying to understand
the integration of common regulatory guidelines because they lack the international policy coordination process of related actors.
3

A TSO transmits electricity (electrical power) from generation plants over the electrical grid to
regional or local electricity distribution operators. In the United States, there are similar functional
institutions with such names as Independent System Operator (ISO) and Regional Transmission Organization (RTO).
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power industry (producers, power system operators [TSOs], consumers, traders,
national coordinators, government officials, and the EC). This assembly did
not yield much progress because of its lack of coercive ability. In the meantime,
however, the EC was encouraged to continue establishing a pan-European
operator network to expand the single internal power market in Europe. This led
to the establishment of the European Transmission System Operations (ETSO)
in 1999. ETSO has continued to increase its member system operators and
related countries. In 1999, it comprised 32 operators in 15 EU member states,
and also included Norway and Switzerland (Merlin 2005).
The process of cooperation intensified steadily with the increase in system
operators, and it accelerated even more with the establishment of ENTSO-E.
In Prague in June 2008, ENTSO-E was approved for the establishment of
36 European power grid operators. In December of that same year, a total of
42 TSOs signed the third legislative package on gas and electricity markets.
According to ENTSO-E’s Pilot Ten-Year Network Development Plan, ENTSO-E
is responsible for the modeling of an integrated network, scenario development,
national investment plans, and other matters (ENTSO-E 2010, 4).

ELECTRICITY NETWORK INTERCONNECTIONS AND
INSTITUTIONS IN EUROPE
Europe is a region that has vigorously pursued regional integration and
cooperation. Although there are some harbingers, which have obscured the
future strength of integration and cooperation, it is without a doubt that Europe
maintains the highest level of international integration and cooperation in many
fields. Furthermore, when a field includes the action of working together for a
common purpose and is not hampered by political events, such as in the hightechnology field, it is likely that the processes of integration and cooperation
remain quite steady.
According to studies that have examined the EU regulatory policy-making
process as a mode of European energy cooperation, the deepening process
of energy cooperation has largely been possible since the 1990s. This period
represents the time when the EU moved toward a single Internal Energy
Market (IEM). The common energy policy of the EU revived the impetus for
liberalization of the electricity market in 1996 (and the gas market in 1998)
because such a regional movement was not previously in existence (Lee 2011). In
retrospect of the EU’s common energy policy process since 1946, the period after
the 1990s can be regarded as a resurgence period for a common energy policy,
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which had been lacking since the creation and development of the European
Coal and Steel Community and Euratom (IEA 2014).
After 1996, the EU’s three legislative packages required the unbundling of
the power industry, which had had an uncompetitive structure at the national
level. In addition, the form of unbundling has also been transformed into the
operations characterized by independent operating institutions. Market openings
have also increased, along with the evolution of the legislative packages. The
IEM for a single power market was also able to be developed because the related
special regulators had been empowered. However, this process of electricity
energy cooperation can only be determined if we consider it as the process of
a single market in Europe rather than as a process due to the characteristics of
electricity (Young 2010).
The European ‘electricity market’ consists of wholesale markets and retail
markets. The wholesale markets range from real-time balancing markets to
long-term contracts. It includes different types of contracts or markets (longterm contracts, the forward and futures markets, the day-ahead market, the
intra-day market, and the balancing market). In wholesale markets, electricity is
sometimes traded privately between two parties. Also, it may be traded through
a power exchange (energy exchange), which brings together more buyers and
seller and offers transparent pricing (Erbach 2016).
Measuring exchange flows to analyze electricity network interconnections
is important in that the variation in electricity network interconnections
between countries becomes the dependent variable of this study, which will
shed light on the role of institutions in the policy coordination of electricity
networks. Such measures help the policies actually followed by one political
actor to be considered by the actor’s partners in order for them to realize their
own individual objectives. The difference in energy and energy cooperation
among countries in these regions can be gauged by measuring the degree of
interconnections of the electricity networks between those countries. The intercountry electricity network interconnections are divided into two parts: the
extent of inter-regional electricity installations (Dutton and Lockwood 2017) and
the amount of electricity exchanged between countries.4 In this study, the latter
4

First, electricity network interconnections can be measured by the extent of inter-regional
electricity installations. A high number of installations means that electricity trading between countries can take place at a particular time and that it is mutually dependent on power policies and
industrial sectors. Second, electricity network interconnections are measurable by the amount of
inter-country power exchanges. A large amount of exchanges between countries means that there is
a good infrastructure for electricity so that actual exchanges of electricity across borders are possible.
Since the installation of production facilities takes time and the actual exchanges may not happen
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is regarded as the main dependent variable.5
Then, which factors will affect the interconnections of actual European
electricity networks? What political and economic drivers influence the
different levels of exchange flows between countries? First of all, the levels of
interconnections are greater in geographically close regions due to the difficulty
of storing electricity (Meisen and Mohammadi 2010). Actually, it is quite clear
that electricity exchanges are common in neighboring countries. As electricity
is difficult to store and its daily and annual demand changes significantly, a
higher level of geographical proximity means that the possibility of effective
electricity management increases. This characteristic is also discussed in
Table 1. In addition, since economic losses increase as the exchange distances
become longer, electricity’s transmission distance is extremely important in
the exchange. Therefore, the geographic factor has the greatest influence on the
extent of electricity network interconnections.
Economic and industrial factors, such as country size and energy consumption,
are also drivers affecting the interconnections of electricity networks. A large
amount of energy consumption also requires a large supply and demand. In
other words, there are many variables in terms of industrial structure and scale.
At the same time, if the size of a country or the amount of energy consumption is
large, the electricity exchange itself is likely to increase. For reference, in extant
international political economy studies determining the drivers of international
trade, insights from trade theory were applied in the study of IPE in relation to
energy (Hughes and Lipscy 2013, 458) and similar factors were explained by the
“gravity” model (Whitten and Kellstedt 2013, 214).
This study suggests that the interconnection of electricity networks can be
achieved through past and present cooperation efforts, represented by both the
integration process in the EU’s common energy policy and the coordination
process that has been managed by the former and current functional institutions
of electricity. In many studies on international cooperation, institutions are
an important variable analyzed when examining cooperation (Keohane 1988;
Maggi 1999; Victor 2006). Dichotomous variables can also be utilized for

even after such installations are complete, it would be insufficient to measure actual interconnectedness in a given year. On the other hand, the amount of actual electricity exchange flows allows us to
see the degree of network interconnections in that year.
5

‘The exchange flow of transmission’ includes all exchanges in various markets, even private
exchanges between two parties (not through power exchanges). Moreover, the aggregate data of all
exchange flows within the year indicate somewhat different dynamics other than what is shown in
electricity markets. It was the study’s primary reason for not ascribing too much to the ‘electricity
market’ per se in the paper. These dynamics can be of interest to political scientists in particular.
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measurement.
First of all, the increase in general cooperation within the EU has meant the
sharing and integration of common energy policies. This indicates that, the
greater the familiarity and the stronger the experience of sharing common
policies, the higher is the familiarity with the process of integration for other
fields. Thus, this encourages the so-called spillover effect, which tends to vary
depending on the level of the overall cooperation experience (Jordan 2001;
Rosamond 2005). As we have seen earlier, to theorize energy cooperation the EC
has made it possible to set up a market for electricity and related facilities based
on electricity market liberalization policies negotiated among EU countries.
Furthermore, this is likely to affect the level and extent of electricity network
interconnections.
More importantly, the effects of energy cooperation on the coordination of
functional institutions can be possible for electricity networks in particular. This
statement is a result of the nature of electricity energy cooperation. As Table 1
shows, the benefits of electricity energy cooperation stem from the attributes of
electricity and the necessary adjustment processes related to these attributes.
Even in functional utility sectors, such as electricity transmission, policy
coordination based on institutions matters (Fuenfschilling and Truffer 2014;
Puka and Szulecki 2014; Tenggren, et al. 2016). According to the characteristics
of energy cooperation, electricity is exchanged under the structure of networks
and has various technical characteristics, depending on how it is generated. Each
form has a particular policy coordination process related to installation costs,
technical adjustments, and the elimination of administrative barriers.
However, the degree of energy interconnections and their strategies to
develop such interconnections are different for each country. Furthermore,
the experience of cooperation and interconnections of electricity networks in
different regions of Europe also vary. Thus, there are still six different functional
regions within ENTSO-E (North Sea, Baltic Sea, Central South, Continental
South West, Continental South East, and Continental Central East). The network
is divided according to system development, showing that the dynamics of
energy cooperation are different in each region.
Apart from the above, other TSO networks have existed besides ETSO: the
Association of the Transmission System Operators of Ireland (ATSOI), the
Baltic Transmission System Operators (BALTSO), NORDEL (Association
of TSOs from Norway, Finland, Denmark, Sweden, and Iceland), the Union
for the Coordination of the Transmission of Electricity (UCTE), and the UK
Transmission System Operators Association (UKTSOA). In particular, the
system operator associations such as NORDEL and UCTE existed prior to the
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liberalization of the energy market in 1996. This implies that electricity energy
cooperation can also start from the policy coordination between TSOs, with
the exception of common regulatory energy policies. The experience under
current and former cooperation in the form of TSO networks will be treated as
an independent variable in the empirical section of this study and is expected
to influence the level of electricity network interconnections (Roggenkamp and
Boisseleau 2005; ENTSO-E 2010).

RESEARCH DESIGN AND HYPOTHESES
The level of electricity network interconnections varies depending on a variety
of factors. In practice, common energy policies across Europe continue to be
integrated, but there are still specific differences between countries and subregions. As seen above, the subject of this study is European electricity network
interconnections, which are the sum of the exchange flows between two
countries in a given year.6 This information is used to determine the extent of
electricity network interconnections, which represents the dependent variable.
The data used here represent 41 countries/regions 7 in Europe in 2013.8 As
electricity demand changes dramatically, both daily and seasonally, this study
utilizes yearly data to look at the overall trends of the exchanges. Moreover, by
using relatively recent data, this study can capture the current state of European
electricity network interconnections. Since the trend towards greater electricity
trading has not changed dramatically, this approach is not a serious problem.
The dependent variable and most of the key independent variables are based
on the 2013 data from ENTSO-E (2014). Table 2 below explains the sources
of each variable, as well as the operational independent variables, in order to
understand the specific dynamics of electricity network interconnections. All
6

The ‘network’ usually refers to a system of lines, wires, etc., that are connected to each other. In this study, a system of electricity exchange flows is considered as an ‘electricity network.’ As
mentioned earlier, a system of electricity grid installations is another type of ‘electricity network.’
As this study seeks to explain the variation of exchange flows—the degree of interconnections in
one type of electricity network—the term ‘electricity network interconnections’ is used.
7

The reason for using “country/region” is that ENTSO-E data also includes Northern Ireland
and Ukraine West, which are not strictly countries, but rather regions within certain countries.
8

As of 2014, ENTSO-E consists of a total of 35 countries/regions. The ENTSO-E data also include additional data from eight countries, which are not member countries/regions, but are located
adjacent to members. On the other hand, members who are island countries and without electricity
exchanges with neighboring countries (i.e., Cyprus, Malta, and Iceland), are excluded from the analysis.
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variables in this study were based on dyadic data. This comes from the nature
of the study, which is to explore the differences in the levels of electricity energy
cooperation. The study uses cross-sectional multivariate linear regression
analysis. Cross-sectional analysis will effectively show the main drivers of the
differences in the pair data.
When neighboring countries are bordered by land and the amount of power
consumption is controlled for in the two countries that exchange electricity,
three types of cooperation experiences are included in this study: current
electricity energy cooperation experience, former electricity energy cooperation
experience, and cooperation experience in the region. This is because the main
purpose of this study is to shed light on how the cooperation experience is
influenced by these three factors.
First of all, the current electricity energy cooperation experience can be divided
into six functional regions for the development of the system under ENTSO-E;
namely, the North Sea Region, the Baltic Sea Region, the Continental Central
South Region, the Continental South West Region, the Continental South
East Region, and the Continental Central East Region. The variable Current
Electricity Energy Cooperation Experience is a dichotomous variable that shows
whether or not there is prior experience in the current functional ENTSO-E
region. In order to examine the specific regional characteristics, each functional
region is presented as a single variable in the analysis. The following Hypothesis 1
is intended to analyze how current experiences of mutual cooperation affect the
actual interconnections of electricity networks.
Hypothesis 1: T
 he level of electricity network interconnections was more
likely to be higher when both countries belonged to the same
functional region of ENTSO-E.

Next, cooperation through the former functional institutions is examined. The
following are examples of former functional authorities: ATSOI, BALTSO, ETSO,
NORDEL, UCTE, and UKTSOA,9 which can be deemed as one type of functional
institution. All become components for the variable Former Electricity Energy
Cooperation Experience . This is a dichotomous variable to determine whether or
not a pair of countries has past experience in electricity networks. The following
Hypothesis 2 is used to analyze the effects of previous experiences of energy
cooperation based on actual electricity networks.
9

The UKTSOA (UK Transmission System Operators Association) is excluded from the analysis
because it represents electricity cooperation within a state, not international cooperation.
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Table 2. Explanation and Data Sources for Variable Measurements Related to Electricity
Network Interconnections
Variables

Measurement and Data Source

Unit

Variable
Type

Dependent Variable
Level of Electricity Network
Interconnections

The amounts of power exchange flows in/out are
summed up over a country pair.
GWh
- Detailed, harmonized level can be checked
through ENTSO-E database.

Neighboring Country

If the pair of countries is bordered by land, it is
marked as 1 (attached) or 0 (separated).
- The authors fill up the data based on the map
of Europe.

Electricity Consumption

Electricity consumptions in 2013 for each country
of a country pair are summed up.
- Data are from the yearly energy data for 2013
of ENTSO-E.
- The authors also use EIA’s 2013 International
Energy Statistics data for those who are not
members of ENTSO-E.

Continuous
Variable

Independent Variable

-

Dichotomous
Variable

TWh

Continuous
Variable

Current Electricity Energy
Cooperation Experience

If both countries of a country pair belong to
the same functional regions of ENTSO-E,
it is marked as 1 (experienced) or 0 (nonexperienced).
- The authors fill up the data based on the
homepage of ENTSO-E.

-

Dichotomous
Variable

Former Electricity Energy
Cooperation Experience

If both countries of a country pair were members
of any form of TSOs other than ENTSO-E,
it is marked as 1 (experienced) or 0 (nonexperienced).
- The authors fill up the data based on the
homepage of ENTSO-E.

-

Dichotomous
Variable

Cooperation Experience
in the Region

If both countries of a country pair are members
of the EU, it is marked as 1 (experienced) or 0
(non-experienced).
- The authors fill up the data based on the
information of Eurostat.

-

Dichotomous
Variable

Level of Cooperation
Experience in the Region

If both countries of a country pair are members
of the EU, the number of years each country
belonged to the EU as of 2013 is summed up.
- The authors fill up the data based on the
information of Eurostat.

Year

Continuous
Variable

Source: EIA
 International Energy Statistics (https://www.eia.gov/electricity/data.cfm)
ENTSO-E (https://www.entsoe.eu), Eurostat (http://ec.europa.eu/eurostat)
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Hypothesis

2: The level of electricity network interconnections was more
likely to be higher if both countries were members of the same
former TSO network.

Finally, there is a supranational organization called the EU. To determine
how EU regional institutions affect the current interconnections of electricity
networks, this study suggests operationalizing variables such as Cooperation
Experience in the Region and Level of Cooperation Experience in the Region .
Unlike the former variable, which is a dichotomous variable indicating whether
or not a country pair belongs to the EU, the latter variable is a continuous
variable with additional information about whether or not both countries are
members of the EU. The following Hypothesis 3 is intended to analyze how the
cooperation experiences through the EU affect the current levels of electricity
network cooperation.
Hypothesis 3: The

level of electricity network interconnections was more
likely to be higher if both countries belonged to the EU.

Table 6 in the Appendix is a simple table of descriptive statistics for both
dependent and independent variables. As can be seen in Table 6, there are 820
observations in terms of viewing pair data for 41 countries/regions in Europe.

RESEARCH ANALYSIS
This empirical analysis is based on a total of 16 models used to find the factors
that determine the different levels of electricity exchange flows in the electricity
interconnection networks between European countries. All of the models use
cross-sectional multivariate linear regression. The reason for dividing the
models is not derived from the characteristics of the data but is an attempt to
provide a multidimensional view of the independent variables of the “cooperation
experience.” Models 1 to 7 in Table 3 are for testing Hypothesis 1, models 8 to 14
in Table 4 are for testing Hypothesis 2, and, models 15 and 16 in Table 5 are for
testing Hypothesis 3.
For all models, the Neighboring Country and Electricity Consumption as
control variables were statistically significant when the degrees of cooperation
experience were controlled for within the confidence level of 95 percent. The
concrete confidence levels varied based on the models—in particular, in Table
5, the Electricity Consumption in model 16 is statistically significant within
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the confidence level of 90 percent. Neighboring Country shows how much the
electricity exchange (GWh) will increase on average when the other variables are
controlled for when two countries border each other. Electricity Consumption
represents how much the unit of electricity consumption (TWh) of a country
pair increases on average when the other variables are controlled for. There is
a difference in the control variables in models 1 to 7 and between models 8 and
10 through 16, in which the Current Electricity Energy Cooperation Experience
is also controlled for. This is to show how the past experience of electricity
cooperation and the cooperation experience in the region through the EU can
influence the level of electricity network interconnections when controlling for
the ongoing cooperation experience.
Table 3 shows the correlations to other factors of the interconnection levels
in the functional regions of the current ENTSO-E. Model 1 shows statistical
significance within the confidence level of 99 percent for the current cooperative
experience. Also, on average the interconnection levels in the regions mentioned
show an increase in the electricity exchange of 470.8 GWh when other variables
are controlled for. Models 2 through 7 analyzed the effect of the current
regional electricity energy cooperation experience on the level of electricity
network interconnections. Models 2 and 5, which show the effects of current
cooperation in the North Sea Region and the Continental South West Region,
were statistically significant within a confidence level of 99 percent. On the other
hand, models 3 and 6, which include variables for current energy cooperation
in the Baltic Region and the Continental South East Region, show a positive
correlation within the 95 percent confidence level. Lastly, models 4 and 7 show
that the influence of current cooperation in the Continental Central South
Region and the Continental Central East Region are not statistically significant,
even within the confidence level of 90 percent.
Table 4 shows the correlation between the electricity energy cooperation
experience through former functional institutions and the level of exchange
flows in the current ENTSO-E. Model 8 shows that, when the variable Current
Electricity Energy Cooperation Experience is controlled for, the Former
Electricity Energy Cooperation Experience is not statistically significant
within the confidence level of 90 percent. On the other hand, model 9 shows
the statistical significance of this variable within the confidence level of 95
percent, when the variable regarding the current electricity energy cooperation
experience is not controlled for. When both countries were members of former
TSO networks, the average increase in electricity exchanges was 206.9 GWh,
when controlling for other variables.
Models 10 to 14 analyze the impact of former cooperation experiences on
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electricity network interconnection levels. Model 13 shows the effect of the
cooperation experience of past NORDEL membership, which is positive and
statistically significant within the confidence level of 99 percent. Models 10 and
12 show the effects of former associations with ATSOI and ETSO on electricity
network cooperation, which is statistically significant within the confidence
level of 90 percent. However, the ATSOI variable shows a negative correlation
with the dependent variable. Models 11 and 14 were intended to show the effects
of former cooperation experiences when country pairs belong to BALTSO and
UCTE, respectively, but they were not statistically significant, even within the
Table 3. Functional Regions under ENTSO-E and Factors of Electricity Network
Interconnections
Variables

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

Neighboring Country

2902.5*** 3098.1*** 3133.6*** 3129.5*** 3105.7*** 3070.2*** 3235.2***
(185.3)
(172.7)
(173.9)
(179.0)
(174.2)
(179.0)
(179.4)

Electricity
Consumption

0.559***
(0.193)

0.465**
(0.194)

0.554***
(0.195)

0.563***
(0.195)

0.521***
(0.195)

0.510***
(0.196)

0.514***
(0.197)

Current Electricity
Energy Cooperation
Experience

470.8***
(122.3)

-

-

-

-

-

-

North Sea Region

-

875.1***
(208.2)

-

-

-

-

-

Baltic Sea Region

-

-

490.0**
(231.4)

-

-

-

-

Continental Central
South Region

-

-

-

198.7
(238.2)

-

-

-

Continental South West
Region

-

-

-

-

2214.6***
(789.1)

-

-

Continental South East
Region

-

-

-

-

-

660.3**
(311.9)

-

Continental Central
East Region

-

-

-

-

-

-

−299.3
(196.9)

−148.3**
(67.70)

−88.58
(64.39)

−84.86
(65.26)

−73.67
(65.38)

−61.85
(64.58)

−65.17
(64.70)

−42.63
(66.68)

N

820

820

820

820

820

820

820

R²

0.315

0.317

0.306

0.303

0.309

0.306

0.304

Adj. R²

0.312

0.315

0.304

0.300

0.307

0.304

0.302

Intercept

Note: *** p<0.01, ** p<0.05, * p<0.1. Two-tailed tests. Numbers in parentheses indicate standard errors.
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confidence level of 90 percent.
Table 5 shows the correlation of the Cooperation Experience in the Region and
the Level of Cooperation Experience in the Region with the Level of Electricity
Network Interconnections . Models 15 and 16 show that belonging to the EU and
the length of time as a member both affect the current level of electricity network
interconnections (when the current electricity energy cooperation experience
is controlled for). According to these parameters, the statistical results of both
models 15 and 16 show statistical significance within the confidence level of 99
percent. The results of model 15 tell us that, when both countries in a pair belong

Table 4. Former TSOs and Factors of Electricity Network Interconnections
Variables

Model 8

Model 9

Model 10 Model 11 Model 12 Model 13 Model 14

Neighboring Country

2888.1*** 3084.9*** 2938.7*** 2898.7*** 2918.4*** 2844.2*** 2901.1***
(186.3)
(178.0)
(186.0)
(186.3)
(185.2)
(184.2)
(185.7)

Electricity
Consumption

0.567***
(0.194)

0.577***
(0.194)

0.545***
(0.193)

0.562***
(0.194)

0.520***
(0.194)

0.577***
(0.192)

0.560***
(0.194)

Current Electricity
Energy Cooperation
Experience

437.6***
(129.7)

-

476.4***
(122.2)

468.9***
(122.7)

399.2***
(127.7)

410.4***
(122.2)

466.3***
(128.2)

Former Electricity
Energy Cooperation
Experience

84.28
(109.6)

206.9**
(104.0)

-

-

-

-

-

ATSOI

-

-

−2556.0*
(1353.6)

-

-

-

-

BALTSO

-

-

-

161.9
(788.2)

-

-

-

ETSO

-

-

-

-

200.6*
(104.5)

-

-

NORDEL

-

-

-

-

-

2215.7***
(544.9)

-

UCTE

-

-

-

-

-

-

12.76
(108.3)

−168.7**
(72.70)

−130.8
(72.29)

−146.2**
(67.60)

−148.8**
(67.77)

−192.8***
(71.46)

−150.7**
(67.09)

−151.3**
(72.43)

N

820

820

820

820

820

820

820

R²

0.315

0.306

0.318

0.315

0.318

0.328

0.315

Adj. R²

0.312

0.303

0.315

0.312

0.315

0.325

0.312

Intercept

Note: *** p<0.01, ** p<0.05, * p<0.1. Two-tailed tests. Numbers in parentheses indicate standard errors.
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to the EU, there is likely to be an increase in the electricity exchanges of 252.2
GWh on average, when other variables are controlled for. Model 16 shows that
an increase of one year in the EU for the two countries correlates with a 6.048
GWh increase in electricity exchanges, on average, when other variables are
controlled for.
Table 5. Cooperation Experience in the Region and Factors of Electricity Network
Interconnections
Variables

Model 15

Model 16

Neighboring Country

2937.0***
(185.1)

2982.7***
(185.6)

Electricity Consumption

0.563***
(0.193)

0.367*
(0.200)

Current Electricity Energy Cooperation
Experience

376.8***
(127.4)

363.8***
(125.5)

Cooperation Experience in the Region

252.2**
(98.84)

-

-

6.048***
(1.771)

−239.4***
(76.33)

−307.4***
(81.82)

Level of Cooperation Experience in the Region
Intercept
N

820

820

R²

0.320

0.325

Adj. R²

0.317

0.321

Note: *** p<0.01, ** p<0.05, * p<0.1. Two-tailed tests. Numbers in parentheses indicate standard errors.

DISCUSSION
The analysis of Table 3, Table 4, and Table 5 are as follows. First, it is possible
to see that the aforementioned hypotheses are all accepted in a broad sense. In
other words, various cooperation experiences in Europe have worked positively
under the condition that other geographical and economic variables are
controlled for (models 1, 9, 15, and 16). However, when each model is specifically
examined, there are differences visible in the general trends.
According to model 1, which was supposed to test Hypothesis 1, it was
possible to conclude that the level of electricity network interconnections was
more likely to be higher, currently, when both countries belonged to the same
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functional region within ENTSO-E. However, there was no positive effect on
the current cooperation experience for the Continental Central South Region
and the Continental Central East Region (models 4 and 7). On the other hand,
belonging to other regions was positively correlated with the actual level of
exchange flows. This result was due to the fact that the intentions or strategies
of the interconnections were different in each country, resulting in variations
in the level of cooperation and in the experiences of each sub-region in Europe
in terms of system development. In other words, this shows that the dynamics
of the policy coordination process through the same institutions today and the
form of electricity energy cooperation can be different within the same region.
Indeed, in the southwest of Europe (including the Iberian Peninsula), there have
been many regional investments to harness the power of wind, solar, and hydro
energy sources, and these huge investments have aimed to integrate renewable
energy into the power system (ENTSO-E 2010). The positive correlation between
the regional cooperation experiences and the actual electricity exchanges is
shown in model 5.
By looking at models 8 to 14, Hypothesis 2—the level of electricity network
interconnections is more likely to be higher if both countries were past
members of the same TSO—can be tested and partially accepted. In model 9,
which controls for the current experience of energy cooperation, there was no
valid statistical significance. This seems to show the limits of measuring past
and current cooperation experiences through only a dichotomous variable.
However, in the models that included NORDEL and ETSO , respectively, it was
possible to get the result that the level of electricity network interconnections
was intensified, even when the present cooperation experience was controlled
for. In fact, NORDEL and ETSO are two of the oldest networks in terms of
electricity system operations (established in 1951 and 1963, respectively). As
a result, there have been higher levels of the cooperation experience, and of
the policy coordination process, including the installation of infrastructure,
technological adjustments, and the elimination of administrative obstacles. On
the other hand, being a member of ATSOI has had a negative effect on the level
of interconnections. This seems to be due to the lack of policy coordination for
this electricity system, since the electricity exchanges between Northern Ireland
and Ireland and the UK initially encountered higher installation costs, as a result
of geographical obstacles, and there appeared to have been limited attempts to
overcome these obstacles.
Particular attention should be paid to NORDEL and its former member
countries (Pineau et al. 2004; Cameron 2007). In terms of the member countries
of NORDEL—Denmark, Finland, Iceland, Norway, and Sweden—there have
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been many related policy coordination processes. All of the policy coordination
processes, such as the installation of facilities, technical adjustment and support,
and the elimination of administrative obstacles, have been actively conducted.
This is also particularly true in countries where congestion is handled best,
thanks to their attempts to eliminate administrative barriers concerning
technical compatibility. These countries have a high percentage of renewable
energy in their energy mix, which historically has facilitated the coordination
process. At the same time, social approval of transmissions and related
cooperation has also had a major influence. Under such conditions, related
investment facilities have been actively promoted within the regions (NORDEL
2009; ENTSO-E 2010).10
Lastly, Hypothesis 3 is analyzed using models 15 and 16. Both results
strengthen the argument that the level of electricity network interconnections
was more likely to be higher if both countries belonged to the EU, and vice versa.
In particular, the levels of electricity network interconnections were intensified
through the active and common energy policies of the EU. Model 16 also shows
that interconnection levels have a tendency to increase with the level of general
cooperation experience in the EU. This was possible because the process of social
integration, and the experience of sharing a common policy, also facilitated
electricity exchanges.
According to the EC, the European regulatory framework must be fully
implemented and applied. The EC believes that a “solid regulatory framework
is a prerequisite for the necessary infrastructure investments to happen.” For
such necessities, the trans-European energy networks’ Regulation (TEN-E) is
addressed for the first time for “the specific issue of projects that cross borders
or that have an impact on cross-border flows” (European Commission 2015a, 9).

10

Countries in the North Sea Region are ready to implement the North Sea National Offshore
Grid Initiative (NSCOGI) through a 2010 Memorandum of Understanding to meet their renewable
energy targets. Grid implementation has preceded such goals. This initiative is centered on ten countries, including five former NORDEL countries.
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CONCLUSION
The European region has accelerated the intensity of its cooperation efforts
since the establishment of the EU. Energy cooperation represented by not only
the harmonization of technical and institutional standards of power systems
and transnational energy markets but also the intensification of energy-related
network interconnections have grown. In terms of the various kinds of energy
cooperation, this study highlights the electricity network interconnections
and their political and economic drivers for influencing the different levels of
exchange flows between countries.
After defining energy cooperation, this study evaluated European energy
cooperation, particularly in terms of electricity transmission network
integration. The regional scope of the study was Europe and the unit of analysis
was European country pairs. In order to show the variations in electricity
energy cooperation, the study first looked at the characteristics of electrical
energy cooperation. This became the background for the study’s later empirical
analysis. Second, the regression analysis examined the factors that mattered in
electricity flow exchanges. Multivariate regression analysis using cross-sectional
dyadic data showed that the level of historical policy coordination of regional
TSOs was positively associated with (TSO) networks and current exchange flows.
Throughout the different model specifications, having experience of the same
institution was likely to increase the propensity of dyadic electricity exchange
flows. In addition to the initial intuitions about geographical connectivity
and power consumption, current and former cooperation through electricity
institutions influenced the degree of different regional interconnections, even
within Europe.
The results of the hypotheses tested in this study have several implications.
First, by examining European electricity network interconnections, the
discussion throughout the study broadens our knowledge of cooperation,
including energy cooperation, in international political economy. While a
number of international political economy studies have focused on various
sectors that govern global energy, particular attention to electricity-related
networks has been rare.
Specifically, the findings from the empirical analysis provide policy
implications both for regions that have networks for electricity energy
cooperation and those that do not. For the former regions, the positive
association between exchange flows and historical and current policy
coordination through TSO networks implies that measures to facilitate such
networks are necessary for actual electricity network interconnections. Next,
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for other regions, such as East Asia, related institutions can be an initial step
if, in particular, they seek ways to encourage regional functional cooperation
concerning electricity. This implies that those countries and regions that would
increase electricity flows, such as those in East Asia, need to establish and work
with effective institutions for coordination. Setting up electricity cooperation
institutions in East Asia would enable participating countries to estimate the
costs and benefits, to make potential cooperation plans, to overcome political
and economic hurdles, and to implement plans for mutual benefits in the region.
In this study, however, examining the interconnections through the degree
of installations of inter-regional electricity facilities was not fully conducted.
Institutions matter. However, not all institutions increase electricity exchange
flows. This study’s multivariate models suggest that countries that are members
of institutions that have a longer history of cooperation (e.g. NORDEL) are
likely to increase electricity flows. In addition to longevity, future case studies
of the conditions under which institutions successfully coordinate cooperation
would be a good attempt to understand this dynamic. An empirical analysis of
the various forms of energy cooperation based on the European region is greatly
encouraged. Moreover, studies on understanding how European electricity
network interconnections could be developed further through other variables
that affect network interconnections and electricity exchanges also merit
support.
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Appendix 1. Descriptive Statistics of the Variables
Variables

N

Mean

Standard Deviation

Min

Max

Level of Electricity Network
Interconnection

820

316.0341

1620.894

0

24939

Neighboring Country

820

.0817073

.2740855

0

1

Electricity Consumption

820

222.5768

244.1408

7.635

1419.878

Current Electricity Energy
Cooperation Experience

820

.2182927

.4133393

0

1

North Sea Region

820

.054878

.2278811

0

1

Baltic Sea Region

820

.0439024

.2050031

0

1

Continental Central South Region

820

.0439024

.2050031

0

1

Continental South West Region

820

.0036585

.0604119

0

1

Continental South East Region

820

.0256098

.1580644

0

1

Continental Central East Region

820

.0670732

.2503013

0

1

Former Electricity Energy
Cooperation Experience

820

.3207317

.4670427

0

1

ATSOI

820

.0012195

.0349215

0

1

BALTSO

820

.0036585

.0604119

0

1

ETSO

820

.3365854

.4728301

0

1

NORDEL

820

.0073171

.0852784

0

1

UCTE

820

.3085366

.4621712

0

1

Cooperation Experience in the
Region

820

.4280488

.4950979

0

1

Level of Cooperation Experience in
the Region

820

36.14634

28.27314

0

112

