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General Introduction



1
Europe’s Critical Infrastructure
and Its Vulnerabilities – Promises,
Problems, Paradoxes
Erik van der Vleuten, Per Högselius, Anique Hommels,
and Arne Kaijser

Prologue

Critical infrastructure (CI) can be damaged, destroyed, or disrupted by deliber-
ate acts of terrorism, natural disasters, negligence, accidents, computer hacking,
criminal activity, and malicious behaviour. To save the lives and property of
people at risk in the EU [European Union] . . . any disruptions or manipula-
tions of CI should, to the extent possible, be brief, infrequent, manageable,
geographically isolated . . .The recent terrorist attacks in Madrid and London
have highlighted the risk of terrorist attacks against European infrastructure.
The EU’s response must be swift, coordinated, and efficient.1

With these opening words, the European Commission, the executive body of
the EU, urged an EU-wide program for the protection of critical infrastructure in
2005. Several types of events – in this book we shall speak of “critical events” –
triggered this new sense of infrastructure vulnerability and risk. The ball started
rolling in the United States in the mid-1990s. Hackers had just used the Internet to
rob Citibank of $10 million, email-bombed the Internet service provider America
Online, and broken into computer systems at the Department of Justice, the CIA,
and the US Air Force. During 1995 no fewer than 250,000 attempts to hack Depart-
ment of Defense computer files were registered, most of which were successful.
President Bill Clinton then set up a commission on critical infrastructure – that
is, infrastructure critical to the economy, society, and administration. Such infras-
tructure urgently needed protection, for “a satchel of dynamite and a truckload of
fertilizer and diesel fuel are known terrorist tools. Today, the right command sent
over a network to a power generating station’s control computer could be just as
devastating.” Worse, “we found all our infrastructures increasingly dependent on
information and communications systems that criss-cross the nation and span the
globe. That dependence is the source of rising vulnerabilities . . .The capability to
do harm . . . is real; it is growing at an alarming rate; and we have little defense
against it.”2

3
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Several high-profile terrorist attacks involving public infrastructure further
boosted the debate. In the United States the attacks of September 11, 2001 showed
that infrastructure was vulnerable not only to cyber threats; four commercial air-
liners were hijacked and used as weapons against the Pentagon and New York
City’s World Trade Center, killing about 3000 people. In the aftermath, local
power, communication, and transport systems broke down as well and severely
hampered emergency response efforts. The event triggered a range of security poli-
cies in the United States, Europe, and elsewhere.3 Subsequent attacks on ground
transportation on European soil showed still other possibilities to harm societies
through their infrastructure. In themorning of March 11, 2004, terrorist bombs hit
four commuter trains in Madrid, killing almost 200 and wounding another 1800.
In the rush hour of July 7 and 8, 2005, four suicide bombers attacked the London
subway system and a double-decker bus, killing over 50 and injuring around 700.
EU policy-makers needed to respond. They, too, established a critical infrastructure
protection program.
By then the ground for such a program in Europe had already been prepared

by a third type of event – a series of internal infrastructure disruptions. EU policy-
makers were particularly shocked by the so-called Italian blackout of September 28,
2003, in which the failure of a Swiss-Italian power line during an Alpine storm
eventually plunged the entire Italian peninsula and some 56 million people into
darkness. The blackout trapped some 30,000 people in railway and metro cars,
and hundreds in elevators. It disrupted road traffic due to traffic-light failure,
interrupted the water supply, spoiled refrigerated foodstuffs, and halted indus-
try’s continuous production lines. That same year, other blackouts struck southern
Sweden, eastern Denmark, London, Helsinki, and Athens. Europe’s infrastructure
vulnerability was perhaps most persistently demonstrated by the 2006 European
blackout, in which a power failure in northern Germany instantly turned off lights
in countries as far away as Croatia and Portugal. This rolling blackout even cas-
caded into northern Africa through the Spain–Morocco submarine cable. Repeated
Russia-Ukraine gas crises, too, caused energy-supply problems throughout much
of Europe; even Italian and French consumers were shown to depend significantly
on Russian gas exports via Ukraine.4

To EU ministers and commissioners the lesson was clear: Europe was at risk
and an “all-hazards approach” was needed, addressing terrorist attacks, natural
disasters, and technical malfunctions. Moreover, in Europe the problem had a
particularly transnational character since the “damage or loss of a piece of infras-
tructure in one M[ember] S[tate] may have negative effects on several others and
on the European economy as a whole . . .This means that a common level of
protection may be necessary.”5 By 2006, some common legislation was in place,
though negotiations delayed the most visible piece of EU legislation – the critical
infrastructure directive – until 2008.

Introduction

The ongoing policy debate about European critical infrastructure introduces the
topic of this book in several ways. Clearly, infrastructure vulnerability and its
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governance are pressing issues today in Europe, the United States, and many other
places in the world. They concern politicians of many flavors, a host of sector
and civil society organizations, citizens, and scholars: critical infrastructure fea-
tures prominently among the vulnerabilities of modern technological culture that
are in urgent need of a better understanding.6 Moreover, leading critical infras-
tructure researchers argue that infrastructure vulnerabilities reside particularly in
their transborder character. Yet the vast majority of existing critical infrastructure
studies take a (sub)national perspective and leave transborder dynamics poorly
understood.7 Those few studies that do address cross-border vulnerabilities tend to
follow the EU policy trajectory, but rarely ask how and why infrastructure connects
some regions, countries, and peoples more than others, or how such asymmetries
affect the geography of Europe’s infrastructure vulnerability.8 To do so is a major
purpose of this book.
In order to open up this topic, we delve below the surface of our introduc-

tory story and place the emergence and governance of critical infrastructure in
a historical perspective. Europe’s infrastructure vulnerabilities and coping strate-
gies did not fall from the sky, nor did they emerge mysteriously from a vague
and abstract process called “globalization.” Instead our present infrastructure has
a long, very concrete, and traceable history, and so do the vulnerabilities and
governance responses that they evoked.9 Take, for example, the case of Russian
natural gas exports. In the later decades of the Cold War, Russian gas proved a
welcome and reliable relief for strained energy supply systems in much of Cen-
tral Europe, and pipelines came to stretch from Siberian gas fields to German,
French, and Italian consumers. Decades later, in a very different political context,
the EU regards the very same supply lines to be one of Europe’s major energy
vulnerabilities. Or consider fundamental computer protocols, such as the two-
digit date representation of years. This was designed when the Internet was a mere
dream and the new millennium still in the distant future. Yet in the late 1990s
it took a panic and great effort to mitigate the cascading effects of the so-called
Millennium Bug that threatened individual computers as well as the financial,
military, and other sectors relying on networked information and communication
technology (ICT) services.10 Infrastructure, it has been said, develops in histori-
cal time, which transcends individual, political, and media time.11 Accordingly, to
understand its dynamics, vulnerabilities, and governance, we need to revisit the
concerns, priorities, choices, and conflicts of its makers. We need to engage with
history.
Such a historical perspective does more than track down the emergence and

governance of Europe’s transnational infrastructure vulnerabilities. It also brings
into view remarkable long-term ironies that deserve serious consideration and
reflection. Consider the very notion of critical infrastructure. We know from
previous research that over the last two centuries many individuals, groups,
and international organizations have eagerly stimulated transnational infras-
tructure development. Protagonists in the League of Nations, the International
Labour Organization, the United Nations (UN), the Organisation for Economic
Co-operation and Development (OECD), and a host of dedicated transport,
communication, and energy organizations argued that infrastructure integration
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would boost Europe’s prosperity by creating larger markets. It would also invoke
peace on a war-prone continent by fostering economic interdependencies and
mutual understanding. Also, the EU’s founding document, the 1992 Maastricht
Treaty, obliges the EU to stimulate Trans-European Networks as levers for eco-
nomic and social cohesion.12 The term “critical infrastructure” that is currently
in vogue confirms the success of this collective effort. It underscores the fact that
infrastructure has indeed become omnipresent and critical to the functioning of
modern economies, societies, and administrations. Simultaneously, the term sig-
nifies a major downside of Europe’s infrastructure transition: precisely because
modern societies have become (inter)dependent on cheap and steady infrastruc-
ture services, they are also vulnerable to infrastructure abuse and disruption.When
infrastructure became omnipresent, Europe faced new risks. As we shall see repeat-
edly in this book, this profound historical irony shows up in many forms. Even
the very security arrangements of the past might produce new vulnerabilities later
on. To mention just one example here, about a century ago, power companies
started to connect electricity grids across borders to increase mutual system sta-
bility and enable mutual support in case of breakdown, in short, to reduce the
risk of blackouts. Simultaneously, such connections introduced the historically
novel vulnerability of failures cascading across borders, as demonstrated in recent
transnational blackouts. Yesterday’s solutions can cause today’s problems. Such
ironies underline the paramount importance of a careful and reflective historical
examination of critical infrastructure vulnerabilities.
Still we need to delve deeper. So far we have talked about “Europe” as a

fixed container taken for granted for the purpose of our historical inquiry into
transnational infrastructure vulnerabilities. Worse, our opening example tacitly
equates “Europe” with “European Union.” Further historical scrutiny of our
introductory story suggests that this will not do. Consider that for half a cen-
tury the EU and its forerunners advocated a particular version of “Europe” in
terms of geography, governance model, and values. Yet political and popular
support failed this project repeatedly. In the last decade, EU analysts observe,
the European Commission has discovered the common enemies of transnational
health, environment, and security threats as a promising way to bypass such sta-
sis and resistance: the EU project took a qualitative and quantitative leap when
the EU developed a new “security identity” and successfully claimed the gover-
nance of transboundary threats from food safety, avian influenza, and natural
disasters to emergency response, terrorism, and critical infrastructure.13 When
French and Dutch voters turned down the European constitution in 2006, the
EU responded with a new charm initiative that placed center stage the fight
against climate change – the ultimate “common threat” demanding a “common
approach.”14

What, then, is EU-critical infrastructure protection about? Is it about protect-
ing infrastructure, about protecting the EU version of European integration, or
both? This question becomes even more compelling when we take into account
resistance to the program. The electric power sector and the financial sector, for
instance, found their infrastructure sufficiently protected, not at risk (of technical
or terrorist breakdown at least!), well on track in terms of European cooperation
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outside EU institutions and transcending EU territory, and certainly not in need
of the EU substituting these sector’s own transnational governance arrangements.
Indeed, most sectors managed to steer clear of the EU-critical infrastructure direc-
tive, which, after protracted negotiations, came to apply only to energy and
transport – out of 11 sectors originally proposed.15 Sector negotiators resisted
making their own sector collaborations subordinate to the particular form of
Europeanization that the EU-critical infrastructure program represented. The les-
son for historians is that they should not treat the EU as a natural, self-evident
container for the history of Europe’s critical infrastructure vulnerability and gov-
ernance.16 Rather, stakeholders in the critical infrastructure playing field were
(re)negotiating the very meaning of European integration – its territoriality, core
values, governance modes – for their particular sectors.
This leads us to the broader historical question of what kind of “Europe” was

built in the sphere of critical infrastructure vulnerabilities, most of which emerged
before the EU could exert any significant influence on infrastructure matters.17

Did the geography, governance forms, and priorities of this “critical infrastructure
Europe” differ from, contribute to, or simply reflect “political Europe” so familiar
from history class, with its quarrels between nation-states, its prominent Cold War
division, and most recently the increasing momentum of the EU project? What is
needed is a transnational history that actively inquires about the emergence and
governance of infrastructure vulnerability entwined with the territorial and polit-
ical shaping of modern Europe. Such is the thrust of this book. In the following
sections we shall sharpen the conceptual tools that inform our study. Next we
will briefly sketch the logic and structure of the book. The individual chapters are
not introduced in this General Introduction but in the introductions to the three
main parts. The Conclusion (Chapter 10) picks up the threads laid out in both the
general and the part introductions and it reflects on our findings.

Infrastructure’s paradox

How can we unravel the historical coevolution of critical infrastructure, its
vulnerabilities and governance responses, and contemporary Europe? An impor-
tant premise of this book is that notions of infrastructure, vulnerability, and
Europe and the relations between them cannot be understood straightforwardly in
terms of univocal correlations between well-defined variables. Rather, these con-
cepts themselves had ambivalent meanings for different stakeholders, and became
entangled in different constellations in a variety of historical processes. This is why
stakeholders might persistently disagree about the appropriate interpretations of,
and governance responses to, infrastructure vulnerabilities.18 To appreciate the his-
torical and social latitude of our key concepts, we prefer to think of them not as
sharply defined variables but as paradoxes that carry potentially conflicting mean-
ings.19 These paradoxes, in turn, set the stage for our investigation of which and
whose meanings of infrastructure, vulnerability, and “Europe” were prioritized in
historical processes.
Consider, to start with, the concept of infrastructure. Late nineteenth-century

railway builders invented the term to denote the structure supporting the rails
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(embankments, cuttings, bridges and so on), but NATO and others redefined it in
the 1940s as the structures underlying modern organizations or societies.20 Since
then the term has been used in broader and narrower meanings. Some people
associated infrastructure with what we today call the network industries, provid-
ing transport, energy, communication, and water services. Others expanded the
term to cover all sorts of basic facilities, including education, financial services,
and healthcare. At times, infrastructure carried the additional connotation of nat-
ural monopoly or public good, which made the concept highly contested when
the boundaries between public and private were redrawn in the neoliberal era. All
of these meanings, however, shared a common view of infrastructure as technolo-
gies of connection that played a constitutive and integrative role in economies
and societies. The more recent concept of “critical infrastructure” underscores
the “underlying structure that keeps society together” aspect.21 Related terms
such as “networks” or “large technical systems” likewise share connotations of
connectivity and an integrative foundation for modern societies.22

It is important to realize, however, that this connective meaning of infrastruc-
ture echoes the rhetoric of its historical protagonists. The concept is laden with
stakeholder ideology, which preceded the term infrastructure itself: already in
1852, Michel Chevalier claimed that “Railways have more in common with the
religious spirit than we think; never has there existed an instrument of such power
to link together scattered peoples.”23 In capacities that varied from imprisoned
social reform thinker to French government advisor and senator, Chevalier articu-
lated, developed, and promoted his vision that modern means of communication,
such as railways, telegraphy, and steam navigation, would overcome barriers of
nature and space, improve the human condition, and propel economic prosperity
and equality across national and class borders. The religion metaphor may have
disappeared since, but each later generation of infrastructure proponents seems
to have revived Chevalier’s old promise of connectivity and socioeconomic lever-
age. Nineteenth-century railway and telegraphy pamphlets, interwar proposals for
European electricity, telephone, aviation and motorway infrastructure, postwar
visions of TV broadcasting and the “global village,” 1990s celebrations of the
Internet, and present-day social media marketeers share and highlight this one
assumption: infrastructure connects.
We do not dispute infrastructure’s connective qualities. Instead we wish to point

out that by foregrounding connections, other infrastructure features fade from
view. If critical scholars call connectivity claims “the myth of the network,” it
is because these very claims obscure how infrastructure connections for some
peoples or territories often imply the non-connection or even disconnection of
others.24 Examples abound of new canals, railways, and motorways that literally
cut local communities in two. Even high-profile international infrastructure con-
nection projects might involve disconnection: the famous Gotthardt railway line
and tunnel, opening in 1882, was a symbol of the penetration of the Alps to inte-
grate Northern and Southern Europe. At the same time it bypassed the Gotthard
pass above the tunnel, disconnecting from transnational trade flows one of its
most prominent hubs for millennia, condemning its expensive road infrastructure
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to disuse and its mail-coach system to nostalgic memory.25 In other cases, infras-
tructure was designed to bypass. The business model of the Great Nordic Telegraph
Company’s huge telegraph network, stretching from London via the Copenhagen
hub across Russia to China and Japan by the 1870s, was to connect East and West
while bypassing imperial Germany. Britain’s submarine telegraph network that
spanned the globe by 1900, too, served to bypass land-based telegraph systems
on territories outside British control.26 The incorporation of the Baltic states into
the Soviet Union after the Second World War involved cutting telephone connec-
tions to the West and rerouting all telephone traffic through Moscow. We could
go on and on.27 In terms of access, too, some social groups were “more equal
than others”: since 1992 the Channel Tunnel has served the free flow of busi-
nessmen, tourists, and freight, while at the same time much effort was dedicated
to prevent those flows of illegal immigrants and asylum-seekers that the tunnel
also attracted.28 This is our first paradox: the very same infrastructure can at once
connect and fragment.29

A paradox, of course, is not a contradiction. It is an apparent contradiction
that serves stylistic or, in our case, analytical purposes. Our infrastructure para-
dox of connection and rupture reminds us not to take at face value the myth
of ever-increasing connectivity, and instead appreciate the latitude of historical
agents (as well as present-day ones) to employ infrastructure as tools that not only
connect but also create difference. Infrastructure’s paradox thus translates into the
historical research question regarding when, by whom and for what reasons infras-
tructure was made to connect or splinter. We ask why historical agents chose some
infrastructure-development trajectories and rejected alternatives, who they sought
to connect and who they bypassed, and how they dealt with borders in the age
of connectivity.30 Such historical choices, we suspect, were important constituents
of Europe’s infrastructure vulnerabilities and the governance responses that these
evoked.

Ambivalent vulnerabilities

What, then, is infrastructure vulnerability about? Notions of infrastructure vul-
nerability and criticality are relatively recent additions to the thinking about risks
of technological systems. Charles Perrow’s famous work on living with high-risk
technologies from the 1980s illustrates the tone of this debate well. For him, mod-
ern technology had become so complex, withmany causal feedback loops and pos-
sibilities for cascading failure, that it had become susceptible to breakdowns that
cannot be predicted, anticipated, or managed: small disturbances may cause unex-
pected chains of events that lead to bigger failures, especially in tightly coupled
systems where such processes happen very quickly and cannot be halted. Promi-
nent examples include failures in nuclear power plants, chemical plants, air-traffic
control, and electric power systems. In his Normal Accident Theory, Perrow saw
breakdown and accident as an inherent, “normal condition” of such systems.31

Like infrastructure, the terms “risk,” “vulnerability,” and “criticality” have been
subject to considerable interpretive flexibility. Many quantitative risk studies
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define risk narrowly as the probability of an unwanted event multiplied by its
impact. In social theory, by contrast, the terms risk and risk society have become
encompassing. Ulrich Beck argues that modern societies are increasingly organized
in response to human-made technological risks that spur doubts about the present
course of modernization and affect social structure.32 Vulnerability, too, is used
in narrow and broad meanings. It may refer to specific people, organizations, or
places but also to technological systems and even technological cultures that are
susceptible to harm, and their ability to anticipate, resist, cope with, and recover
from events that could impede their functioning.33 The notion of vulnerability
in critical infrastructure discourses sometimes refers to disturbance or breakdown
of the infrastructure system itself, and at other times to the consequences for
households, industries, and other users of infrastructure services. In this book
we will speak of “system vulnerabilities” and “user vulnerabilities” to distinguish
between these two kinds of vulnerability. For all of these nuances and overlaps,
however, these related concepts share one dominant message foreshadowed by
Perrow: harm is coming our way.
As in the case of infrastructure connectivity, we should not take this key mes-

sage of harmful infrastructure vulnerability at face value. For starters we should
recognize our own bias when discussing risk and vulnerability. The psychology of
fear tells us that the human mind is wired to foreground threat at the expense of
opportunity, and routinely defies rational choice and behavior. Scores of exper-
iments confirm that humans are notoriously poor at estimating risk. A morbid
yet telling example is the estimated 1500 additional road accident deaths in the
year following 9/11, when Americans massively substituted plane travel with
interstate highway travel.34 Also, human-made technological risks outside our
direct personal control (nuclear accidents, terrorist attacks on infrastructure, gas
import disruption) tend to trigger our sense of vulnerability more than natu-
ral risk (including earthquakes but also major health killers, such as diabetes,
cardiovascular disease, or asthma) or technology-related risks that we claim to
control (think road accidents). This mental vulnerability bias is further ampli-
fied in our contemporary culture of fear, which, according to sociologists, has
emerged since the 1970s and skyrocketed after 9/11.35 The point here is not,
of course, that risk and vulnerability do not exist. Rather, the associated fear is
simultaneously real and hyped for psychological, commercial, political, and media
reasons. A recent OECD study observes that the improvement of cybersecurity is
important; yet at the same time public cybersecurity debates suffer from “exag-
gerated language,” “sensationalism,” and “grossly misleading conclusions.” Cyber
espionage, password phishing, or hacktivist attacks are regularly interpreted as
threats to (inter)national security or even signs of an emerging cyber war, rather
than innovative forms of old social practices, such as spying, theft, and pub-
lic protest.36 Another commentator in the policy debate on European critical
infrastructure protection – a security sector entrepreneur – observed that fears
of an “electronic 9/11” are deliberately overstated: “Nobody is getting blown to
bits. It’s not real terrorism. But if you add ‘terrorism’ to things you get more
budget.”37
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As in the case of infrastructure connectivity and rupture, the sheer observation
that our sense of harmful infrastructure vulnerability is psychologically, histori-
cally, and socially situated leads us to more fundamental paradoxes. Consider, for
instance, that similar critical events have historically provoked opposite reactions.
In New York the Great Northeast Blackout of 1965 was celebrated for stimulat-
ing local neighborhood solidarity with candlelight dinners and street dances. Yet
in a context of social unrest, the New York blackout of 1977 sparked looting,
arson, and violence.38 The same type of infrastructure breakdown, it seems, may
turn out to be both hopeful and harmful for users. Harmful user vulnerability
should not be assumed by definition; instead we should investigate the histori-
cal processes that produced these different outcomes. A similar argument applies
to system vulnerability. Infrastructure vulnerability and breakdown should not be
treated as inherently malicious; they may also create hope and opportunity for
much-needed innovation and change – for instance, in the direction of increased
sustainability or democratic control of modern technological systems.39 Indeed,
hopes for a sustainability transition in energy or mobility depict the crisis of
present-day fossil-fuel-based infrastructure as well as the ongoing financial crisis
as windows of opportunity for radical change.40

Next to this paradox of harm and hope, stakeholders may disagree com-
pletely about whether or not an infrastructure is vulnerable to begin with. To EU
policy-makers the transnational blackouts of 2003 and 2006 suggested instant vul-
nerability and alarm. Yet, as we shall see in this book, the electric power sector
saw the very same events as confirmation that Europe’s electricity supply was
reliable, secure, and well organized. Paradox again. We cannot reduce this para-
dox of simultaneous vulnerability and reliability to the issue of “who is right,”
for both parties had good arguments. EU policy-makers saw how local incidents
could instantly ignite economic and social disruption thousands of kilometers
away, and made it their job to address such long-distance vulnerabilities. The elec-
tric power sector, by contrast, had identified the possibility of rolling blackouts
long ago, defined its task in terms of anticipating and mitigating such cascading
vulnerabilities, and now found its security arrangements tested and working well:
the lights stayed on for the great majority of the population and the entire system
was repaired quickly, mostly within half an hour. For power sector spokespersons,
the daily reliability gains of cross-border grid connection greatly outweighed inci-
dental and rapidly contained cross-border failures.41 This paradox of simultaneous
vulnerability and reliability resonates in academic vulnerability scholarship itself:
Perrow’s Normal Accident Theory, which we mentioned above, triggered the emer-
gence of High Reliability Theory, to study why supposedly inherently vulnerable
technological systems in fact rarely break down. Normal Accident Theory uses
electric power systems and air-traffic control as examples of inherently vulnerable
technologies. High Reliability Theory highlights the same infrastructure as illustra-
tions of high reliability.42 Present-day critical infrastructure studies still echo and
reproduce this ambivalence.43

As in the case of infrastructure connectivity and rupture, the paradoxes of simul-
taneous harm and hope and of simultaneous vulnerability and reliability force us
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to acknowledge the latitude of stakeholders to interpret and anticipate infrastruc-
ture vulnerability and its implications in radically different ways. Again, these
paradoxes translate into historical research questions. How did stakeholders come
to assess, prioritize, and anticipate vulnerabilities and their implications in con-
crete historical processes of transnational infrastructure development?44 As we
shall see in this book, historical agents time and again were confronted with differ-
ent infrastructure design options that might have conflicting implications in terms
of opportunity and harm, and of reliability and vulnerability. Hence they needed
to weigh and trade different vulnerabilities against each other. Gas imports from
Russia could solve Bavaria’s threatening energy shortages but would create new
import dependencies; Bulgarian nuclear power projects would make its electricity
production less dependent on Russian coal but introduce the new risk of nuclear
accident; Greek power authorities feared the risks of nuclear power and accepted
dependence on power imports and polluting domestic lignite power stations. ICT
would improve the precision of air-traffic control but make air travel vulnerable to
ICT failures; standards for emergency communication should condemn endemic
miscommunication during disasters to oblivion but might also be a source of
new communication problems themselves. These were all complex issues. As the
parties involved disagreed, negotiated, and struck compromises, they inscribed
hope as well as harm, increased reliability, and potential new vulnerabilities in
the design of transnational infrastructure. This book studies which and whose
vulnerabilities were prioritized in such historical processes, and how these came
to make up Europe’s nascent infrastructure vulnerability geography.

Finding Europe

What does it mean, finally, to study Europe’s infrastructure vulnerabilities? Given
our discussion so far, the reader will not be surprised to find that we reject an
ahistorical up-front definition of “Europe” as a stable container for our inquiry.
Instead we set out to inquire how contemporary Europe itself was shaped in the
processes of emerging and governing infrastructure vulnerabilities.
Of course, the historical and social variability of the term “Europe” is much

better known than the ambivalences of infrastructure and vulnerability that we
discussed above. Europe has always been a highly contested political project.
Already the boom in political projects for a united Europe in the 1920s and 1930s
made clear that historical agents did not see Europe as an invariable entity “out
there” but as something to create, build, and work hard for. These projects also
revealed substantial disagreement about how this Europe should look in terms
of external reach (Should Britain, Russia, Turkey, and the colonies be included?),
internal structure (Should regions, countries, or new empires be the main building
blocks?), and governance (Should national autonomy be mitigated by inter-
governmental, (con)federal, supranational, or non-governmental decision- and
rule-making?).45 Postwar projects for European integration show similar discrep-
ancies. The UN worked hard for all-European economic integration from Ireland
to Soviet Russia. It even breached its core principle of universal organization and
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set up its first regional commission, the UN Economic Commission for Europe
(UNECE), to help forge an all-European economy. But the new organization com-
peted with other Europe-builders that worked on a much smaller territorial scale.
The European Communities, forerunner to the EU, involved only six states in the
1950s and 1960s, and welcomed only six more in the 1970s and 1980s. Gunnar
Myrdal, the first UNECE secretary general, loathed such claims to Europe for the
happy few: “I always reacted . . . to the increasingly common application of the
term ‘Europe’ to that narrow strip of our Continent and the term ‘European’ to its
subregional organizations. This type of propagandistic terminology . . . indicates a
deeper inclination which is intensely inimical to the work governments are try-
ing to do in this [United Nations] Commission”.46 After 1989, controversy about
the meaning of Europe remained. EU membership quickly increased and the term
“Europe” was increasingly associated with EU territory, polity, and values – partly
following the deliberate EU cultural policy to forge a common European identity.47

Yet when the European Commission heralded the Channel Tunnel between France
and England as a sign of successful EU-led European integration, Eurosceptics
revolted: “If one were to judge by the Commission’s report . . . cross-border trans-
port and free movement of goods in Europe could not exist without the E.U.
Needless to say, governments are capable of freely cooperating . . .without needing
to surrender their powers to an unelected, supranational authority.”48

Such persistent and highly politicized disagreement about the meaning of
Europe in terms of territory, governance, and values once more forces us to treat
Europe not as a fixed concept but instead to inquire how Europe historically took
shape in relation to our topic – the emergence and governance of transnational
infrastructure vulnerabilities. Again, teasing out a few paradoxes helps us on our
way. First, consider the following paradox of European integration. The Turkish
government applied for full political membership of the European Communities
in 1987, but negotiations regarding EU membership remain troublesome today.
The last decade even witnessed an increase in popular and political resistance
to Turkish inclusion in the EU. By contrast, in that very same decade, Turkey
was fully integrated into Europe’s largest electric power collaboration: in 2000,
Turkish electric power authorities applied for integration into the Trans-European
Synchronously Interconnected System (currently called the Continental European
Synchronized Area), and since the summer of 2010, Turkish electrical machines,
motors, and consumer appliances move at exactly the same frequency, in tune,
and in immediate interdependency (and joint vulnerability), with their German,
French, Dutch or Portuguese counterparts. This feat is even more remarkable
when we consider that power authorities and companies in Britain and most of
Scandinavia had chosen not to join “Europe’s electrical heartbeat” in the 1960s,
and still today cooperate with continental European partners in an asynchronous,
and thus less immediate, mode than Turkey does.49

This apparent contradiction of electrical integration and political non-
integration begs the broader historical question of what kind of Europe was built
in the realm of infrastructure and its vulnerabilities, as compared with the dynam-
ics of political Europe. In contrast with the formal political integration process,
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infrastructure counts as a major arena for Europe’s so-called informal or hidden
integration.50 Indeed, such organizations as the European Broadcasting Union
(1950), the European Conference for Ministers of Transport (1954), the European
Conference for Post and Telecommunications (1957), and EUROCONTROL (1963)
all explicitly claimed to build infrastructure for “Europe.” Yet all worked outside
the formal EU framework and built “Europes” that differed vastly in geographical
coverage and governance modes. For instance, most Europeans do not question
the inclusion of Israel in the European Broadcasting Union’s Eurovision network
and its annual song contests since the early 1970s.51 This book similarly queries
Europe’s hidden integration and fragmentation in terms of the historical emer-
gence and governance of infrastructure vulnerabilities. Who was connected in
common vulnerability to whom?
Two further paradoxes provide important clues about where to look for such

a hidden Europe of infrastructure vulnerabilities. First, we are used to thinking
of European integration in terms of delegating tasks to a higher authority and
the associated weakening of the nation-state. Yet the postwar era of European
integration also witnessed the rise of the nation-state to unprecedented power,
budgets, staffing, popular identification, and sociocultural integration. In recent
decades even the (micro)region and the city have experienced a revival in terms of
citizen identities, and social and economic activity.52 The age of European integra-
tion, paradoxically, is also the era of the nation-state, the region, and the city.
In the infrastructure realm, too, we see simultaneous construction and gover-
nance activity on these different scales.53 We suspect that the same may apply
to infrastructure vulnerabilities. Hence we examine whether, in the age of inter-
national gas crises and blackouts, the national and local remain important units
of experiencing, infuencing, and governing vulnerability, and how vulnerabilities
at very different scales of experience and power coevolved or competed.54 Unlike
much international history, then, our transnational history of Europe’s infrastruc-
ture vulnerability needs to embrace, not neglect, these important national and
local engines of change. For this purpose we juxtapose studies of transnational
infrastructure vulnerability from pan-European, national, and microregional/local
perspectives, and examine how these scales historically have coevolved.
Finally, we take a special interest in the dynamics of borders. Here is the para-

dox: Europe is characterized as often by its many borders on a relatively small
territory as by its transactions and collaborations that transcend borders – repre-
sented most prominently today by the EU. Translated to infrastructure: on the one
hand, infrastructure often serves to transcend Europe’s natural and political, inter-
nal, and external borders. As argued above, railroads, pipelines, transmission lines,
and telecommunication cables cross national and EU borders as well as the Alps,
the Urals, the Black Sea, the Bosporus, and the Mediterranean, challenging geo-
graphical distinctions between Europe, Asia, and Africa. On the other hand, just as
often, infrastructure followed and reinforced such borders. Parallel electric power
lines run on each side of the French-German border, and even in 2011 there is still
only a single bridge across the 470 km stretch of Danube River border between
Bulgaria and Romania (while there are nine bridges across the Danube in the
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Hungarian capital of Budapest alone). The Iron Curtain also became an “Electric
Curtain,” separating Cold War collaborations in electricity and telecommunica-
tions on either side. These are just a few instances that illustrate how political
borders and priorities were inscribed into Europe’s infrastructure geography. This
book investigates the contradictory role of borders in the historical shaping of
the geography of Europe’s infrastructure vulnerability, taking the most prominent
border in modern European history – the Iron Curtain – as its main case.

Structure of the book

We can now lay out our project. Above we translated the important present-day
policy issue of Europe’s infrastructure vulnerability and its governance into a set of
historical questions. The book studies how and why historical agents interpreted,
negotiated, built, and governed infrastructure connections and ruptures; how they
anticipated and prioritized vulnerabilities, opportunities, and reliabilities; and,
while doing so, how they produced a hidden geography of European vulnerability
that both overlapped with and deviated from Europe’s political geography, paying
particular attention to the mutual shaping of pan-European, regional, national,
and local scales of vulnerability and organization, and the role of political borders.
Given the vast nature of this subject matter, we need to narrow down our

inquiry. First we decided to focus on the most critical of all critical infrastruc-
ture. As noted above, EU policy documents on critical infrastructure protection
identified about 11 sectors that qualified as critical infrastructure, including food,
banking, health, water supply, and space infrastructure. Other agencies might
work with different lists. There is a remarkable consensus, however, that energy
and ICT infrastructure count as the most critical of all. They top the list in EU
policy documents. Attempts at the quantitative determination of society’s most
critical infrastructure, using theoretical models or real-life data, arrive at similar
conclusions. In a study for the UK Cabinet Office, consultancy firm Ernst & Young
deconstructed 11 key sectors underpinning the modern economy into their ele-
ments and assessed their mutual dependencies, determining telecommunications
and electricity supply to be the infrastructure most frequently entangled with basic
operations in the economy. A study based on a database of 2517 serious critical
infrastructure incidents worldwide, as reported by news media, found an over-
whelming role for energy and telecommunications in failures that cascaded across
infrastructure boundaries.55 This book, accordingly, focuses on energy and ICT
infrastructure.
Narrowing down our inquiry still a bit further, we take these two critical

infrastructure sectors to illustrate two different sorts of infrastructure vulnerabil-
ity in contemporary Europe. The European Commission observed how “Europe’s
critical infrastructures are highly connected and highly interdependent,” which
made them “vulnerable to disruption.”56 “Connectedness” here refers to cross-
border connections across national borders, which make failures difficult to
contain geographically, such as energy-related crises (e.g. international gas crises
and rolling blackouts). “Interdependency” refers to the situation where a given
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type of infrastructure not only crosses political or geographical borders but also
intertwines with other infrastructure. In the nineteenth century, railroads were
dependent on telegraphic communication; today, all of society’s infrastructure
has become entwined with information and communication systems and is thus
vulnerable to ICT failure.57

Energy infrastructure (particularly the supply of gas, electricity, and nuclear
power) and its cross-border interdependencies and vulnerabilities occupy center
stage in parts I and II of the book. In Part I, “Connecting a Continent,” we study
the emergence and governance of transnational infrastructure vulnerability from
a transcontinental perspective. This part of the book discusses how Europe’s vast
infrastructure traverses and transcends the Continent and has produced asym-
metrical long-distance vulnerabilities. This perspective also forces us to pay ample
attention to Central and Eastern Europe and to avoid implicitly equating “Europe”
with Western Europe, as much European historiography once did.58 We focus on
electricity and natural gas because these systems are so closely intertwined with
economic and social activities of all kinds. Today the everyday life of almost all
European households is dependent on the uninterrupted flows of these commodi-
ties across borders, which are taken for granted until a blackout or “gas crisis”
forces them out of complacency.
In Part II, “Negotiating Neighbors,” we continue to investigate the

connectedness of Europe’s critical energy infrastructure. However, here we zoom
in on the role of nation-states in shaping and governing both domestic and cross-
border infrastructure vulnerabilities. As neighboring countries negotiated their
infrastructure connections and tried to anticipate the implications for vulnera-
bility, they built the very bricks that came to make up Europe’s wider geography
of infrastructure vulnerability. We selected case studies from countries situated
at Europe’s most prominent internal political border in contemporary history, the
Iron Curtain. Studying Finnish, Bulgarian, and Greek infrastructure priorities, con-
cerns, internal struggles, and negotiations with their neighbors brings into view
the complex historical choices and processes that produced Europe’s vulnerabil-
ity asymmetries and the ambivalent role of the Iron Curtain as a major European
border.
In Part III, “Coping with Complexity,” we focus on ICT and its

interdependencies with other selected infrastructure, such as air-traffic control,
electricity supply, and emergency services. Again, we investigate the vulnerabil-
ity and governance implications of these processes from different perspectives,
including the perspectives of international organization, national concerns, and
bilateral negotiations, and cooperation on the microregional scale in cross-
border (micro)regions that served as primary organizational units for emergency
response.
We conclude this general introduction with one final paradox. The shorthand

name for the research program behind this book was “Europe Goes Critical.”
We were well aware that most readers would interpret this title, at first, to mean
European susceptibility to harm following the proliferation of transnational infras-
tructure. There is, however, a second meaning. In nuclear power engineering a
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reactor goes critical when it becomes operational (when each nuclear reaction
produces sufficient neutrons to trigger a next reaction and keep the nuclear fis-
sion process going). Contemporary Europe too, we argue, became possible and
operational in the wake of transnational infrastructure, the enormous flow of
goods, ideas, energy, information, value, and people that it carries, and the
vulnerabilities that it implies for better or for worse. A study of Europe’s infras-
tructure vulnerabilities should indeed embrace both messages in order to capture
the width and depth of this remarkable and important historical phenomenon.
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van der Vleuten et al. 19

52. For example, Milward 2000; Applegate 1999; Storm 2003; and Saunier 2002.
53. On the role of state governments in international infrastructure associations, see, for

example, Henrich-Franke 2007 and 2008. For national infrastructure building and regu-
lation, see, for example, Millward 2005; for cities as a unit of infrastructure activity, see
Tarr and Dupuy 1988; Graham and Marvin 2001; and Hård and Misa 2008.

54. This is the new transnational history proposed by Tyrell 1991 and 2009. For different
forms of transnational history, see Van der Vleuten 2008 and Saunier 2009. On this
point we deviate from the transnational histories inspired by the transnational turn in
political science in the 1970s, which brought non-state actors into international rela-
tions and thereby a priori focuses on the international. This work includes studies of
transnational networks by infrastructure experts; see Schot and Lagendijk 2008 and
Schot and Schipper 2011.

55. Lukasik 2003, p. 208, and Luijf et al. 2009.
56. Commission of the European Communities 2004, p. 4.
57. Bekkers and Thaens 2005, p. 37.
58. For a compelling critique, see Davies 1996.



Part I

Connecting a Continent



Introduction

The chapters in Part I inquire about the emergence and governance of criti-
cal European infrastructure vulnerabilities from a transcontinental perspective.
We focus in particular on natural gas (Chapter 2) and electricity (Chapter 3) net-
works. These have been at the heart of Europe’s energy issues throughout the
postwar era, and they still play a dominant role in its present-day energy supply.
For instance, of the 1848 million tons of oil equivalent in the 2007 energy bal-
ance of the European Union (EU-27), 74 per cent was transported as natural gas or
electricity to agricultural, industrial, service, and household users.1 Although this
figure includes huge transport and conversion losses, electricity and natural gas
supplies surely have become “critical” to Europe’s economic and social life.
As we shall see, natural gas and electricity system-builders have identified

a number of criticalities and vulnerabilities since the very inception of these
transcontinental networks. Accordingly, they have taken technical or organi-
zational measures to reduce the vulnerability of their systems to internal and
external threats (system vulnerability), and the vulnerability of users to system
malfunctions (user vulnerability). The chapters in Part I investigate how and why
these huge energy systems emerged, which and whose vulnerabilities were identi-
fied, prioritized, anticipated, and/or ignored in this process, and how actors chose
to respond to them. In both gas and electricity, as we shall see, the overall logic
of transnational system-building was closely linked with and affected by actors’
vulnerability concerns. In the early days of both systems, the main challenge was
to balance long-term supply and demand in such a way that the growth of the
systems could proceed smoothly, and the corresponding vulnerability had to do
with a fear of structural energy shortage. Later on there was a shift to a new type of
vulnerability in terms of a fear of temporary disruptions, instabilities, and harmful
environmental effects.
In Chapter 2, Per Högselius, Anna Åberg, and Arne Kaijser analyze the develop-

ment of transnational natural gas systems in Europe during the Cold War and the
remarkable growth of gas flows from the Soviet Union to Western Europe. They
show that the construction of transnational gas pipelines in Europe was initially
driven by importers’ desires to access high-quality fuel that was not (sufficiently)
available domestically. Importing gas from a single supplier was perceived as a
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risk, however, and as soon as an importer had built a pipeline to a foreign sup-
plier, it felt highly motivated to follow this up with links to additional foreign
sources. This strategy paved the way for Soviet natural gas to become an important
source of energy in Western Europe – seemingly against the military and political
logic of the Cold War: access to Soviet gas was seen as an efficient way to prevent
Dutch, Norwegian, or Algerian natural gas from attaining a national or regional
monopoly, while also stimulating relations with these alternative suppliers.
In electricity supply, as Vincent Lagendijk and Erik van der Vleuten show in

Chapter 3, the possibility of power imports and exports likewise sparked visions
of a transcontinental grid even back in the interwar years. Importers saw oppor-
tunities to reduce their domestic energy shortages, and visionaries argued that
electricity made it possible to evenly distribute Europe’s dispersed energy resources
to all. However, not all stakeholders subscribed to this motive – with due implica-
tions for transnational system-building and vulnerability outcomes. In most parts
of Europe, long-distance transmission of vast amounts of electric power remained
marginal: on the eve of the neoliberal era in the 1980s, an average of only 5–6
per cent of all electricity crossed a border as an import or export commodity, which
means that nearly 95 per cent did not. Although transmission lines connected
the Atlantic to Siberia and the Arctic Circle to northern Africa, power companies
and national governments used electricity trade only as a supplement to domestic
energy autonomy. If cross-border connections nevertheless proliferated, it was to
stabilize domestic systems rather than to trade in energy: connections across bor-
ders would facilitate emergency support in case of supply disruptions. Moreover,
following the laws of physics, a synchronously coupled system would instanta-
neously counteract and correct any failures in the common voltage and frequency.
The larger the system, the more counteraction to local disturbances. The fact that
cross-border interconnections also introduced new vulnerabilities, such as cascad-
ing blackouts, only made vulnerability concerns more prominent in the building
of electricity systems.
A central question discussed in Part I is how Europe’s transnational energy

infrastructure was governed. Electricity and natural gas systems both consisted of
complex networks of trunklines transmitting energy over vast distances, combined
with very dense local distribution networks that connected almost every house-
hold and every industry in Europe to the system. The systems were based on grids
or pipes, which demanded sophisticated coordination. The complex governance
structures of both systems functioned simultaneously at several levels, relying on
the activities of commercial actors, multilateral organizations, local and regional
actors, and national governments. Many of these played important roles in emer-
gent transnational governance modes, taking the form of bilateral relations in the
case of natural gas, and bilateral and multilateral relations in the case of electricity.
Also, state governments were often more involved in shaping the European nat-
ural gas regime than in shaping electricity collaborations. The respective chapters
explain why these differences emerged.
Intriguingly, both natural gas and electricity connections were built and used

across the Iron Curtain. By the mid-1970s, natural gas networks in Austria, Italy,
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West Germany, and France had already been connected to the Soviet and Eastern
European natural gas system, and indirectly several other countries were linked
to the communist gas infrastructure. These links across the Iron Curtain were
often far more important than links between individual Western European coun-
tries. East–West integration was not at all as pervasive in electricity as it was in
natural gas. The two chapters explain why Western European actors chose to
make themselves dependent on steady gas flows from beyond the Iron Curtain,
whereas in electricity they were less willing to take such steps. As we will see,
again vulnerability considerations took center stage.
The chapters in Part I also analyze the nature, causes, and effects of “critical

events.” Contrary to common perception, the main types of critical event that
actually occurred in natural gas infrastructure were of a similar type as in elec-
tricity, taking the form of unintended technical failures and logistic breakdowns.
During the Cold War the Soviet Union never used natural gas as an “energy
weapon” analogous to the OPEC “oil weapon.” The only intentional critical events
recorded in the natural gas sector during this period took the form of a series
of strikes on Norwegian offshore oil and gas installations in the early 1980s.
In the case of electricity, Eastern and Western European collaborations developed
in parallel, with different vulnerability management priorities and corresponding
implications for blackouts: Western stakeholders tended to focus on minimizing
user vulnerabilities in their attempts to build high-reliability organizations, while
Eastern stakeholders prioritized the system reliability of the main grid. As a result
the Council for Mutual Economic Assistance (COMECON) power backbone rarely
went down either, but user reliability was routinely sacrificed, as apartment blocks
were intermittently shut off to secure the integrity of the overall system. This is
why citizens in several Eastern European states remember the Cold War as the
“disco era” – with lights constantly flashing on and off. Finally, major external
critical events such as the oil crises of 1973/4 and 1979 had strong impacts on
both gas and electricity, forcing system-builders and other actors to adapt to new
realities.
What did Europe look like from the perspective of natural gas and electricity

interdependencies and vulnerabilities? The two chapters approach this question
by showing how the use of pan-European gas and electricity infrastructure, and
in particular critical events such as blackouts and gas crises, revealed geographies
of Europe that only partially corresponded to familiar political borders. In the
gas case a “hidden regionalization” of Europe divided the Continent into three
major regions unseen on “normal” European maps. In the electricity case, a sim-
ilar hidden regionalization took the form of major synchronized blocks that did
defy some political borders, such as the tight interconnection between continen-
tal Europe and northern Africa, yet reproduced others, such as the Iron Curtain.
After 1989, Europe’s “Electric Curtain” again followed political events; rather than
vanishing, it moved eastward roughly to the borders of the former Soviet Union.
The so-called European blackout of November 4, 2006 neatly displayed Europe’s
resulting electricity geography, cascading from northern Germany southward to
the Mediterranean and crossing via the Iberian peninsula into northern Africa;
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yet it affected neither the nearby Scandinavian peninsula in the north nor regions
to the east of the new Electric Curtain.

Note

1. Commission of the European Communities 2010, p. 41. After conversion and transport
losses, users receive just 289 million tons of oil equivalent (Mtoe) of electricity and 269
Mtoe of natural gas.
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Natural Gas in Cold War Europe: The
Making of a Critical Infrastructure
Per Högselius, Anna Åberg, and Arne Kaijser

Introduction

On January 1, 2006, Russian gas company Gazprom hastily decided to interrupt
its delivery of natural gas to neighboring Ukraine. During a few dramatic days
the Russian move raised concerns in large parts of Europe, since the interruption
to Ukraine also had a direct effect on the gas supply to countries located fur-
ther downstream the same pipeline. On January 2, gas companies in Hungary,
Slovakia, and Austria reported a drastic drop in pressure – at a time of peak winter
demand for natural gas. The crisis threatened the steady supply of electricity and
heat to a vast number of industrial enterprises, power plants, hospitals, schools,
households, and other gas users.
The immediate reason for the crisis was the failure to reach an agreement about

a renewal of the Russian-Ukrainian gas export and transit contract. This prob-
lem, however, was in turn related to the general strain in relations between the
two countries following the recent “Orange Revolution,” after which Ukraine had
embarked on more Western and less Russian-oriented political development. The
acute problem of delivery was later solved through negotiations and the conclu-
sion of a new Russian-Ukrainian gas contract, but the crisis gave rise to dismay
and perplexity in Europe. Within the European Union (EU), demands for sanc-
tions against Russia were raised. From a German perspective, the incident seemed
to confirm the need for a new direct natural gas connection between Germany
and Russia through the Baltic Sea – the Nord Stream pipeline – as an alternative to
the apparently risky and unreliable transit through Ukraine, Slovakia, the Czech
Republic, and Poland. However, in Central European media the proposed Nord
Stream pipeline was interpreted as a threat. Poland’s foreign minister, Radosław
Sikorski, even dubbed the project “the Molotov-Ribbentrop Pipeline,” since in
his view – and many others’ – it was unpleasantly reminiscent of the infamous
Soviet-German pact of 1939.1

Similar “gas crises” became a more or less regular phenomenon in Europe during
the following years, culminating in the much-publicized crisis of January 2009,
which affected nearly all European countries in one way or another. From 2010,
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following the election of a new, more Russian-friendly Ukrainian president, gas
relations in Europe seemed to be normalizing again – for the time being.
The supply crises of 2006 and 2009 are indicative of the explosive politics that

have come to accompany natural gas in Europe, and of the deep embeddedness
of the transnational pipeline infrastructure in European political and economic
history. The existence of a European natural gas grid – with a complexity that
has increased dramatically during only a few volatile decades – is intriguing: it
provides a case of a truly pan-European infrastructure that today includes large-
scale transnational flows not only within more narrowly defined European regions
(such as the EU or Scandinavia) but also across the former Iron Curtain as well as
between Europe and the Arab world. Many European countries have thereby devel-
oped strong dependencies on gas supplies from countries that in other contexts
were typically regarded as untrustworthy or even as enemies. Excluding the major
exporting nations, the average gas import dependence in Europe is nowmore than
90 per cent.2 In this sense, natural gas has contributed to a far-reaching “hidden
integration” between different European nations and regions as well as between
Europe and the world beyond.
This chapter sets out to explain how this remarkable development has been

possible and why so many countries have found it acceptable to engage in infras-
tructure relations that have made them vulnerable. In particular, it aims to explain
how system builders were able to transcend political, ideological, and military
divides like the Iron Curtain. Who supported and who resisted the emergence of
the links, and why? How has the rise of new interdependencies and vulnerabilities
stemming from the far-reaching transnationalization of natural gas been antici-
pated, perceived, and interpreted? To what extent has vulnerability shifted over
time, and what have actors done to shape and respond to the perceived risks?
And, last but not least, what kind of Europe can be discerned when we look at it
through the lens of natural gas?
Previous research on these issues has been surprisingly rare. Whereas natural

gas has been widely studied from economic, political, legal, and other social and
natural science perspectives,3 it has been a much neglected object of historical
study, particularly when it comes to international aspects. Lacking, in particular,
are deeper studies of the very emergence of transnational gas relations and the
associated vulnerabilities that these have generated. While a few promising studies
of this kind exist,4 the present text is the first attempt to inquire into the history
of natural gas on a European level.
To do this, the chapter uses primary research findings from Dutch (West and

East), German, Austrian, Ukrainian, Russian, Danish, and Swedish archives. Our
method is based on the principle of symmetry, taking into account documents
from “both sides” in a given transnational gas relation. Our ambition has been to
document Europe’s natural gas history from the perspective of those people and
organizations who have been – or tried to be – central in envisioning, negotiating,
planning, building, operating, and regulating this infrastructure.5

The chapter is structured into several layers, each of which scrutinizes Europe’s
natural gas history from a different perspective. The first layer consists of a
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“horizontal” analysis of the European gas grid, centering on gas fields and the
material pipeline infrastructure. It focuses on the sequence in which different
links were envisaged, built, and used – as well as on links that were not built –
and on the opportunities seen by system builders and other actors in the growing
intertwinement of regions that were initially isolated from each other. The second
layer shifts the emphasis to the governance of the European natural gas system.
By analyzing transnational gas contracts, we try to discern how perceptions of
vulnerability influenced the institutional setup of the European gas system. The
third layer consists of an analysis of how actors, when engaging in transnational
gas relations, have coped with vulnerability in practice. We analyze the concrete
measures taken to reduce risks and prepare for action in times of crisis. The fourth,
and last, layer focuses on the ways in which “Europe” can be understood through
the lens of natural gas.

The emergence of a transcontinental network

The late rise of natural gas

Natural gas – or “earth gas” as it is called in many European languages6 – has been
known in Europe for centuries, but its large-scale use is a recent phenomenon.
It was usually regarded as an annoying by-product of oil and the challenge was to
get rid of it. Hence most natural gas was flared.
The history of natural gas in Europe began in earnest in the interwar years, when

entrepreneurs in a few European regions started experimenting with it for various
purposes, mainly as a substitute for manufactured gas.7 The Second World War
provided a further major impetus to the development, as natural gas was recog-
nized, in those countries where gas finds were known, as a safe domestic energy
source that could counteract the increasingly problematic reliance on imported
coal and oil.
The first major natural gas networks to take form in Europe were built in

countries (or regions within countries) where coal was not available region-
ally, particularly in Romania, Austria, northern Italy, southwestern France, and
the eastern regions of interwar Poland. In Britain, Germany, Belgium, western
Czechoslovakia, southern Poland, northern France, the Soviet Donbass industrial
area, and other coal-rich regions, the coal-based gas infrastructure continued to
predominate over the emerging natural gas networks up to the 1960s.
Up until this time, European gas infrastructure consisted of a number of iso-

lated national or regional networks that seemed far from interconnected. In the
years around 1960, however, vast new natural gas resources were discovered in
several regions in Europe and beyond. The northern part of the Netherlands, the
Sahara, eastern Ukraine, Central Asia, and northwestern Siberia emerged as par-
ticularly promising new gas regions. The estimated reserves of these fields were so
large that, for the first time, substantial exports of natural gas seemed to become
economically feasible.
In the absence of opportunities to import natural gas from far away, it would

have remained a negligible source of energy in most European countries. As a
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result of international trade, however, the share of natural gas in the overall pri-
mary energy balance of Europe grew from around 3 per cent in 1960 to 25 per
cent in 2008 – an increase that was even more dramatic in terms of the absolute
gas volumes consumed. The growth in gas use and gas imports radically increased
Europe’s vulnerability to supply cutoffs, as an ever greater number of users and
activities became dependent on reliable flows of gas. Imported natural gas began
finding application as a fuel in a variety of industrial sectors (for the production of
metals, cement, glass, etc.) as well as in households (for cooking and heating) and
the energy sector itself (heat and power plants). There were also efforts to intro-
duce natural gas for transportation purposes, though this has only recently seen
some success. Apart from its use as a direct energy source, natural gas was used as a
crucial feedstock in the chemical industry, particularly for the production of fertil-
izers (where the energy content of the gas was used indirectly to boost agricultural
production).

The formative phase of transnational links

Europe’s first major transnational pipelines were built to bring natural gas from
the vast Groningen field in the Netherlands (discovered in 1959) and from a num-
ber of smaller gas fields in western Ukraine (which had been known since before
the war) to major consumption centers in Western and Eastern Europe, respec-
tively. Groningen gas was transported to neighboring Belgium and Germany from
1966, and to France via Belgium from 1967 (Figure 2.1).8 In the east, Ukrainian
gas was brought to Poland from 1944 and to Czechoslovakia from 1967. In the
Polish case, the pipeline in question had been built as a domestic link before and
during the war, but the postwar border shifts transformed it into a transnational
link.
Within both the capitalist and communist parts of Europe, 1966–1967 thus

marked a breakthrough in transnational system building. The pipelines from
Groningen went to countries that, like the Netherlands, were members of
NATO and the European Economic Community (EEC), and the lines seemed to
fit neatly into a pattern of earlier transnational energy cooperation, notably in the
form of the European Coal and Steel Community, the European Atomic Energy
Community (EURATOM), and joint facilities for uranium enrichment and pluto-
nium production. Soviet gas exports to Poland and Czechoslovakia similarly built
on earlier experiences of cooperation within the Council for Mutual Economic
Assistance (COMECON), whereby the much publicized “Druzhba” (Friendship)
oil pipeline system played a special role.9 The gas link to Czechoslovakia that
was opened in 1967 was optimistically referred to as the “Bratstvo” (Brotherhood)
pipeline.
In the next phase, however, the development took a different turn. The initial

trend towards the formation of two regional natural gas networks – a “capitalist”
and a “communist” network, separated from each other by an “Iron Curtain” –
could not be sustained. The political logic in terms of the choice of partners
gave way to a dominance of economic and geographical factors in transnational
system-building.
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Figure 2.1 The natural gas export infrastructure with pipelines from the Netherlands toWest
Germany, Belgium, and France, as of 1968, with plans for 1969.
Source: gwf, November 21, 1969, p. 1302. Used by permission of DIV Deutscher Industrieverlag GmbH.
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A Western European interest in Saharan gas had been obvious following the dis-
covery of the large Algerian gas field Hassi R’Mel in the late 1950s, and possible
trade regimes, most of which focused on shipments of liquefied natural gas (LNG),
were discussed intensively, both nationally and within international organiza-
tions. The UN’s Economic Committee for Europe (ECE) in 1956 launched an “Ad
Hoc Working Party on Gas Problems,” which became an important forum for dis-
cussing the prospects for Saharan gas with participants from both Western and
Eastern Europe. The committee discussed the characteristics of gas systems in indi-
vidual countries, legal aspects of transnational pipelines, and other fundamental
aspects of a possible international gas trade.10 Two pipelines were envisioned from
Algeria to Britain, France, Spain, and Italy. In the end, the export of Saharan gas
began not by pipeline, but in liquefied form (LNG). The task of laying a pipeline
across the extreme depths of the Mediterranean was found to be too difficult, at
least for the time being. A number of LNG agreements were concluded from the
early 1960s with Libya and particularly with newly independent Algeria, for LNG
imports to England, France, Italy, and Spain. These contracts were often negotiated
in parallel with negotiations for Dutch gas, with the importing countries seeking
to play different exporters off against each other and thus establish a competitive
market.
However, although the hopes for Algerian gas to play a key role in Europe’s gas

supply were high, it turned out to be much more difficult than initially expected
to turn the grand visions into reality. Uncertainties about the competitiveness
of Saharan gas on European markets meant that many potential importers hesi-
tated, whereas the Algerians suspiciously watched Western European attempts to
exploit their former colony. Several prospective deals therefore failed and some
contracts that had already been signed were cancelled before exports had begun.
The agreements that were concluded in the 1960s and early 1970s were fairly
small, particularly in comparison to the rapidly growing Dutch gas exports. The
development took a more dynamic turn in 1976, when the Italian and Algerian
state-owned energy companies ENI and Sonatrach, together with Tunisia as a
transit country, concluded a major contract for Algerian gas exports to Italy and
the construction of a submarine pipeline to Sicily and further on to the Italian
mainland. The Trans-Mediterranean Pipeline, as it was called, was eventually inau-
gurated in 1983, and two decades later the volume of gas flowing through it
corresponded to around a third of Italy’s total gas demand. A similar pipeline
project between Algeria and Spain, by way of transit through Morocco, initially
failed but was finally realized in the late 1990s. In 2004, natural gas also started
flowing through a pipeline from Libya to Italy.11

As a third potential supplier, in addition to Dutch and Saharan gas, the Soviet
Union emerged. The export of Soviet natural gas across the Iron Curtain to
Western Europe is one of the most intriguing aspects of Europe’s natural gas his-
tory, and the motivations for Western European actors to import Soviet gas should
therefore be discussed in somewhat greater depth here.
The capitalist country with the strongest motivation to import Soviet gas was

Austria. Lacking domestic coal resources, it had been one of the forerunners in the
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European natural gas industry. It possessed fairly large gas deposits in the region
around Vienna, but the growing popularity of this fuel soon became a problem.
Austrian state-owned oil and gas company ÖMV found itself struggling to meet
the ever-growing gas demand, which in the long term could not be met through
domestic production. When ÖMV heard about the Soviet-Czechoslovak Bratstvo
project, it was extremely interested since the pipeline from the Soviet Union was to
terminate just a few kilometers from the Austrian border – the distance separating
the Bratstvo system from the Austrian gas network was only 5 km.12 In addition,
Austrian and Czechoslovak gas enterprises had already developed close coopera-
tion to jointly exploit a large gas field situated right at the border between the
two countries.13 It seemed natural to extend this cooperation to involve cross-
border pipeline construction as well. In 1965, ÖMV therefore inquired in Moscow
whether there was any opportunity for Austria to become part of the Soviet-
Czechoslovak gas brotherhood.14 However, at this time the Soviet gas industry
was struggling to meet even domestic demand, so the Soviets did not respond
positively to ÖMV’s request.
Soon afterwards, however, negotiations between the Soviet Union and Italy

began, with the goal of exploiting the vast recent discoveries of natural gas in
Siberia.15 Italy’s ENI was the Western European oil and gas company with the best
relations with the Soviet Union and was already both a major oil importer and an
exporter to the Communist Bloc of advanced equipment for the oil and gas indus-
tries.16 Italy also had a strong Communist Party that sought ways to strengthen
relations with the Soviet Union. ENI and the Soviets were discussing a pipeline
that was referred to in both Western and Eastern media as the Trans-European
Pipeline. It was to originate in the Siberian gas regions and to reach northeastern
Italy by way of transit through Hungary and Yugoslavia.17

When ÖMV heard about this project in summer 1966, it initiated a new charm
offensive vis-à-vis Moscow, while also approaching Rome in the hope of becoming
part of the Soviet-Italian project. ÖMV managed to achieve this goal by cooperat-
ing with state-owned Austrian steel company VÖEST, which offered the Soviets
large amounts of steel pipe, to be used for the gas pipeline, in return for gas
imports. As a matter of fact, VÖEST did not have the capacity to produce these
pipes but only the thick steel plates that served as an intermediary product. How-
ever, VÖEST’s director, Rudolf Lukesch, agreed on a cooperative deal with the
pipe-producing plants belonging to the large German steel companies Thyssen
and Mannesmann. These operated Europe’s most modern factories for the pro-
duction of large-diameter steel pipe, which the Soviets were keen to obtain for
the exploitation of its Siberian gas fields.18 Hence Germany also became indirectly
involved in the Trans-European project. For the Germans, this was seen as highly
advantageous at a time when a NATO embargo on pipe exports to the Communist
Bloc was in force. The embargo had been imposed on the initiative of the United
States following the construction of the Berlin Wall in 1961 and the Cuban Missile
Crisis in 1962.19

Bavaria’s minister of economy, Otto Schedl, sought to extend the Soviet-
Italian-Austrian-German arrangement by inquiring about possibilities for southern
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Germany to import Soviet natural gas. Bavaria was an underdeveloped region in
postwar Germany, and Schedl thought that the key to a modern, industrial Bavaria
was access to competitively priced energy. Bavaria was traditionally dependent on
north German coal, which had to be transported over long distances and therefore
gave it a competitive disadvantage vis-à-vis northern Germany. In the early 1960s,
Schedl had managed to arrange for the import of cheap oil from the Middle East
by way of pipelines fromMediterranean harbors, and he identified access to Soviet
gas as a further way to strengthen Bavaria’s energy independence and industrial
competitiveness. Schedl was a Christian Democrat but he believed in the benefits
of cooperation with Soviet communists; to him, Russia and Germany belonged to
the same cultural sphere and should therefore cooperate, whereas the real danger
to European civilization was the threat from China, where Mao Zedong at this
time had just proclaimed his “Cultural Revolution.”20

The German government, however, which at this time was a grand right–left
coalition headed by Chancellor Kurt Georg Kiesinger of the Christian Democrats,
found it much too risky and uncertain to import natural gas from the East. The
government’s energy experts at the Federal Ministry of Economy thought that the
Soviet Union might, on the one hand, use the threat of interrupted gas supplies
for political blackmail; on the other hand, they might seek to flood the German
market with cheap natural gas, deliberately aiming to disturb the politically sen-
sitive coal industry in the Ruhr, which was already facing severe difficulties due
to inefficiencies and competition from abroad. Moreover, Ruhrgas – owned by the
coal industry but also partly by Shell and Esso, companies that had come to dom-
inate the natural gas industry in both Germany and the Netherlands following
the Groningen discovery – argued that southern Germany could be supplied more
efficiently through domestic German gas and imports from the Netherlands. Otto
Schedl’s attempts to obtain Soviet gas thus failed – for the time being.21

Austria was luckier. ÖMV managed to persuade the Soviets and the Italians to
build the “Trans-European” pipeline through Czechoslovakia and Austria rather
than through Hungary and Yugoslavia. ÖMV saw a chance of establishing itself
as a future hub in the envisaged East–West gas trade, in which France was also
expected to become involved. The Soviets were willing to support this plan not
least because at the time Austria was actively seeking closer association with the
EEC. For the Soviets, the incorporation of Austria into the Eastern European energy
system became a way to counteract this political trend. Natural gas was thus
becoming a pawn in the geopolitical European game (Figure 2.2).22

ÖMV concluded a deal with the Soviet Union in June 1968, and the gas started
flowing on September 1 the same year – only ten days after Warsaw Pact forces
invaded Czechoslovakia.23 Italy’s ENI failed to reach a corresponding agreement
with the Soviets and the negotiations broke down in late 1967. In 1969, however,
the Soviet-Italian talks were reinitiated. At the same time, new trends in the West
German government’s Eastern Policy allowed for a re-evaluation of the opportu-
nity to import gas from beyond the Iron Curtain. The key persons behind the new
policy were the minister of foreign affairs, Willy Brandt, his close advisor, Egon
Bahr at the Foreign Office, and the state secretary Klaus von Dohnanyi at the
Ministry of Economy – all of them Social Democrats who had previously worked
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Figure 2.2 In 1967 it still appeared unlikely that West Germany would have access to Soviet
natural gas. In media reports, the Soviet exports were generally expected to take a more
southern route from Vienna to Italy and from there to France. Here a sketch published in
Süddeutsche Zeitung, April 22, 1967. Note the unclear status of East Germany and Poland on
this map. The GDR was recognized by West Germany only in 1972; up to then it was referred
to as “The Eastern Zone.”
Source: Süddeutsche Zeitung, April 22, 1967. Used by permission.

together in the senate of West Berlin. Brandt, who advanced to become chancellor
in 1969, integrated the East–West gas pipeline scheme into his new “Ostpolitik.”
The Bavarian minister of economy, Otto Schedl, the Christian Democrat who had
initiated the West German overtures to purchase Soviet gas back in 1966, was
largely bypassed in the process, which was a matter of concern to the regional
Bavarian gas industry as well.24

Agreements about Soviet gas exports were reached with both Italy and West
Germany around the beginning of 1970. Interestingly, the United States did not
object to the German deal. Esso, which regarded Soviet gas as a competitor to
its own German activities, lobbied Washington in an effort to prevent the deal,
though to no avail. The German government inquired at the US embassy whether
it would object but was given the green light from the Nixon administration.25

Finland also negotiated a gas deal with the Soviet Union. Although relations
between Finland and the Soviet Union were peaceful, guided as they were by
the Agreement of Friendship, Cooperation and Mutual Assistance of 1948, the
discussions surrounding the natural gas pipeline were lively.26 The official dis-
cussion mainly concerned operational reliability, but there was an underlying
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fear regarding the consequences of being totally dependent on the Soviet Union,
which might be tempted to use the pipeline to exert political pressure.27

Despite these discussions, a deal with the Soviet Union was signed in 1971, and
in terms of price the Soviets were “surprisingly accommodating,” as one Finnish
negotiator described the situation.28 The Finns thus seem to have expected tougher
price negotiations. Despite a clear upward trend in the market price for natural
gas in Europe, the final cost was roughly equal to that negotiated by the Austrians
three years earlier.29 This seems to indicate that the Soviet Union was eager to
capture the Finnish market. The Soviets were probably motivated not only by the
prospects of increased technology imports from Finland but also by the possibility
of using Finland as a point of entry into the larger Scandinavian market.30 For
Finland, the project was more than a way of importing energy. As in the Austrian
case, it was an important means to balance bilateral trade with the Soviet Union,
as well as a demonstration of friendly relations between the two countries.31

The first cubic meters of Soviet gas flowed into West Germany in late 1973
and into Italy in spring 1974. Finland also began importing Soviet gas in 1974,
and France followed in 1976. Negotiations with Sweden were held but ultimately
failed. Except for Finland, all importing countries received their gas through the
same export pipeline, which went through Ukraine and Czechoslovakia. Within
the Eastern Bloc the German Democratic Republic (GDR) was linked to this system
in 1973, using a different pipeline but the same route. In 1974, Bulgaria started
importing Soviet gas, through a more southern pipeline through Moldova and
Romania. Hungary, which was already importing Romanian natural gas, followed
suit in 1975. In 1978, Yugoslavia also became an importer of Soviet gas, whereby
its southern provinces received its shipments through Hungary, and the northern
regions by way of transit through Czechoslovakia and Austria.

North Sea gas and the Nordic failure to create
an integrated gas infrastructure

The oil crisis in 1973/4 further boosted the popularity of natural gas in many
European countries. Natural gas was seen as a suitable way of diversifying away
from oil and in particular from reliance on the Organization of the Petroleum
Exporting Countries (OPEC). An advantage was seen in the fact that the oil
exporters coincided only to a limited extent with the major gas exporters. The
only notable gas exporter that was also a major OPEC oil exporter was Algeria, but
OPEC coordinated only oil exports, not gas. Vulnerability considerations regarding
oil hence contributed strongly to an expanded European natural gas trade. In addi-
tion, the high hopes for cheap nuclear power met with disappointment in the
form of technical problems and environmental criticism. Coal was also subject to
environmental concerns. This served to further boost the popularity of natural gas
as an alternative, ecofriendly fuel.32 The resulting increase in natural gas demand,
however, also meant that the level of import dependence increased further and
that ever more remote gas fields had to be linked to the major consumption
centers.
In the Netherlands the oil crisis, in combination with growing concern about

the (un)safety of nuclear power, triggered an intense debate about energy policy
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in the mid-1970s. The result was a major policy change concerning gas exports.
Since cheap nuclear power was no longer seen as a probable future option and
OPEC had demonstrated the vulnerability of oil imports, the Netherlands decided
to save as much as possible of its gas resources for the future rather than export it.
Dutch gas company Gasunie was obligated to fulfill the gas contracts that it had
already signed but was instructed not to sign any additional export contracts.
From this perspective, the discovery of vast oil and gas fields in the North Sea

starting in the late 1960s was highly welcome for those regions that had become
heavily dependent on imports from the Netherlands. Gas was discovered in the
British, Danish, Dutch, and Norwegian sectors of the North Sea. On this basis, the
creation of a new, submarine pipeline network was initiated.
For Northern Europe, which, with the exception of Finland’s link to the Soviet

Union, had so far been isolated from the rest of European system-building, the
North Sea presented a major opportunity. In the first half of the 1980s, exports
of Danish natural gas to southern Sweden and Germany started. There were also
attempts to bring about an integration of North Sea and Soviet gas, by way of
pipelines through Sweden and across the Baltic Sea (Figure 2.3). Finland was inter-
ested in this possibility since it seemed to offer a way of decreasing the country’s
total dependence on Soviet gas. The Swedes were also interested in the idea, which
prompted them to approach the Finns during their negotiations with the Soviet
Union in 1970–1.33 However, the vision ultimately did not materialize, mainly
as a consequence of the small amounts of gas that the Soviet Union offered the
Swedes.34

The pipeline through which Danish gas was exported to Sweden, the Sydgas
(South Gas) pipeline, was constructed between 1980 and 1985. It is still the only
transnational pipeline connecting two Nordic countries. Despite many grandiose
plans and visions aimed at the creation of a Nordic gas system, no further pipelines
have been built.35 In light of pipelines being constructed across the Iron Curtain
and the Mediterranean, it is remarkable that neighbors such as Denmark, Finland,
Norway, and Sweden – with friendly relations and a similar culture – have not
been able to connect to each other in the field of natural gas. There have been
various reasons for this failure. Overall, the projects have been strongly influenced
by the debate about nuclear power, renewable energy interests, and competition
with other pipe-bound energy systems, such as electricity and district heating. But
there have also been economic and market arguments working against the grand
Nordic visions.36

The gas industry facing political turbulence

With large reserves of Dutch and North Sea gas available, it appeared accept-
able, from a security of supply perspective, to expand the import arrangements
from non-European sources. Contracts with Soviet and Algerian suppliers were
extended. From the mid-1970s the quest for Middle Eastern and in particular
Iranian gas also intensified, which was either to be transported to Europe by
pipeline or shipped in liquefied form in LNG tankers. In this, Western European
gas companies faced competition from both the United States and resource-
poor Japan. The former was also interested in imports of Algerian and, possibly,
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Figure 2.3 Possible natural gas flows through the Nordic countries, as envisaged by the
Swedish Natural Gas Committee in 1974.
Source: Swedish National Archives, Stockholm. Used by permission.

Soviet LNG. Natural gas seemed to be on its way to becoming an increasingly
globalized fuel.
Two competing pipeline projects were being negotiated for the import of

Iranian gas to Western Europe. The Soviet Union, which had imported natural
gas from Iran for the supply of its trans-Caucasian republics (Georgia, Armenia,
and Azerbaijan) since 1970, sought to exploit this experience by offering itself
as a transit country for Iranian gas to the West. The main alternative was transit



Högselius et al. 39

through Turkey, from where the gas could either be piped through southeastern
Europe or brought in liquefied form to Mediterranean harbors in Italy or France.
The large German gas company Ruhrgas was the main proponent of the first
alternative, whereas Italy’s ENI supported the Turkish project.
In the end the Soviet alternative seemed to have the best chances of being real-

ized, so that a contract was signed in November 1975 in which Ruhrgas, ÖMV,
and Gaz de France were to import 11 billion cubic meters (bcm) of Iranian gas
annually.37 Construction began on the requisite pipeline in Iran and plans for
natural gas system building in the importing countries were adapted accordingly.
In 1978–9, however, Iran was shaken by revolution. The Shah was forced to abdi-
cate and political power was seized by Ayatollah Khomeini. Iranian deliveries
of gas to the Soviet Union along the already existing pipeline were interrupted
and construction of the new one stopped completely. All contracts were declared
invalid by the new Iranian regime, which from now on intended to use its natural
gas for domestic purposes only.38

At about the same time, the East–West political climate started to worsen, partic-
ularly after the Soviet invasion of Afghanistan in December 1979 and the election
of Ronald Reagan to the US presidency a year later. The United States had so far
taken a more or less passive stance on Western Europe’s imports of “communist”
gas. The Carter administration had “reckoned that increased exports of Soviet
energy would ease supply–demand pinches worldwide and lead to the moderation
of energy prices.”39 Reagan had a totally different interpretation of the flourish-
ing East–West gas trade and thus tried to halt its further growth. This was due in
part to his own preferences, but it was partly also a result of anti-Soviet tenden-
cies in US politics more generally. Opposition to the East–West gas trade peaked
after martial law was declared in Poland in December 1981, at which time the
largest East–West gas deal ever – for the construction of the “Yamal” pipeline –
was just about to be finalized. The Polish crisis gave rise to new fears of mil-
itary confrontations in Europe. Shortly afterwards, the CIA reported to Reagan
that an

increased dependence on Soviet gas will almost certainly influence European
decision-making, despite likely efforts to provide a cushion against supply cut-
offs. The Soviets conceivably could exacerbate European differences with the
US over future economic sanctions against the USSR or even over more sensitive
issues such as NATO force modernization.40

Fearing political dependence of Western Europe on the communist world and
a divergence in terms of loyalties, Washington launched a major campaign to
prevent construction of the Yamal pipeline. However, the Americans failed to con-
vince their European NATO partners, who perceived the project as a logical exten-
sion of the cooperation established already, and did not view the vulnerabilities as
all that alarming.41 The much publicized export pipeline began operation in 1984
and, between 1985 and 1990, Soviet gas exports nearly doubled.42

The fall of the Berlin Wall in 1989 and the collapse of the Soviet Union in 1991
put the European gas system under stress. Given the political and economic chaos
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Figure 2.4 A Soviet stamp from 1983, issued to commemorate the completion of the major
export pipeline – the “Transcontinental Export Pipeline” as it is called here – from Siberia to
Western Europe.

in Central and Eastern Europe, and the appearance of new transit countries on
former Soviet territory, Western European gas companies and users feared that the
transnational pipeline infrastructure would cease to function. But in the end the
infrastructure proved robust and the end of the Cold War did not result in any
major discontinuity in Europe’s natural gas history. Supply patterns continued to
evolve along the same lines as before. Russia, Algeria, Norway, and the Netherlands
remained the main suppliers.
All in all, the emergence of the European natural gas grid presents a stark con-

trast to the case of electricity (see Chapter 3). The natural gas system became
a truly pan-European system, stretching from Siberia to Ireland, with large-scale
transnational flows of fuel. Tables 2.1 and 2.2 illustrate the general trends in the
changing gas import and export structure in Europe. Europe as a whole has become
much more dependent on imported natural gas than before. Moreover, whereas
trade within Western Europe still accounted for 67 per cent of all imports in 1982,

Table 2.1 Western European gas imports in 1982, by exporting country (bcm).

Western Europe Soviet Union Algeria Libya

Austria 0.1 3.0
Belgium 9.2 0.4
Finland 0.7
France 10.0 3.7 6.7
West Germany 32.6 10.9
Italy 4.9 8.6 0.1
Netherlands 3.6
Spain 1.3 1.0
Switzerland 1.2
Britain 10.7 16.0
Total 72.1 26.8 8.4 1.0

Source: IEA 1984.
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Table 2.2 Western European gas imports in 2005, by exporting country (bcm).

Western Europe Russia Algeria Nigeria Qatar

Austria 1.8 4.9
Belgium 10.9 0.9 3.4
Finland 4.4
France 20.4 10.2 8.3 3.9
Germany 49.2 38.3
Italy 14.1 23.9 28.1
Netherlands 17.2 3.5
Portugal 3.0 1.9
Spain 2.4 16.4 5.9 5.3
Sweden 1.0
Switzerland 2.8 0.3
Britain 12.4 0.4
Total 132.2 86.4 59.6 11.7 5.3

Source: UN 2006.

this figure had fallen to 45 per cent in 2005 – despite the surge in North Sea gas
production and Norwegian gas exports. Of the non-Western exporters, Russia was
the most important one, with a share of 29 per cent.

Transnational governance

How was it possible for such an extensive, nearly pan-European natural gas system
to be created, given the far-reaching interdependencies and vulnerabilities with
which the international gas trade was linked? One important prerequisite was that
actors in different countries were able to build mutual trust and understanding,
and to develop appropriate forms of transnational governance. In parallel, those
involved in the gas trade created mechanisms and strategies that they could pur-
sue on their own to cope with infrastructure vulnerabilities. In the next section
we discuss institutional mechanisms for governing the transnational gas infras-
tructure. In the subsequent section we then turn to technical arrangements for
coping with vulnerability and uncertainty.

Developing reliable partnerships

Given the uncertainty in trying out something completely new with a variety of
different partners, both importers and exporters of natural gas perceived a high
degree of “system vulnerability” (see Chapter 1) when embarking on the first
transnational pipeline projects. As in other radical technological projects, no one
could be certain that the new system would work as envisioned. An advantage,
however, was that the “user vulnerabilities” involved were still fairly low. This was
a consequence of the fact that natural gas was still of negligible importance to
Europe’s overall energy supply. In other words, even in case of a major gas disrup-
tion, the actual effects on economy and society were bound to be limited. The low
level of user vulnerability made it easier for system builders to experiment with
transnational arrangements, particularly in cases where the cooperative projects
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did not demand any major investments. As the volumes of gas being consumed
and traded grew, however, so did the vulnerabilities and the need to respond
to them.
The enormous investments necessary for the construction of transmission

pipelines, compressor stations, and other components in the gas infrastructure
demanded an atmosphere of trust between the involved partners. The pipelines
would have no alternative use if gas exports should cease for any reason, and this
would have a severe economic impact on both exporters and importers. Reducing
vulnerability was therefore first of all a matter of developing reliable partnerships.
Exporters had to persuade importers of their intentions to actually deliver the gas,
and of their technical and organizational capacity to do so. Conversely, importers
had to persuade exporters that they actually intended to receive and pay for the
gas and that they were technically able to do so.
It was easier to establish trust when the partners had experience of prior cooper-

ation in areas other than the gas trade. Much of Western Europe’s imports of Soviet
natural gas, for example, emerged as an extension of an already well-established
oil trade. ENI in Italy and ÖMV in Austria were examples of Western European
importers of Soviet gas that had long years of experience in dealing with the
Soviets for the purpose of oil imports.
Conversely, it was more difficult to build trust when such earlier experience was

lacking. In some cases, vulnerability considerations of a political nature thereby
prevented transnational pipeline projects from being realized. For example, the
German Ministry of Economy was initially suspicious about Bavaria’s desire to
import Soviet natural gas:

It may be expected that the Soviet price bid, for political reasons, will be manip-
ulated to be sufficiently low, if there is a serious intention to deliver natural gas
to the FRG. In the case of a far-reaching dependence in the gas supply of the
Federal Republic or in parts of it upon Soviet deliveries, it must be feared that
different political considerations from the Soviet side could lead to an increase
in price or to a curbing or suspension of deliveries.43

This was the main reason for Bonn’s disapproval of Bavaria’s efforts to conclude a
contract with the Soviet Union in 1966–7.
In the case of Western European imports from Algeria, it was even more difficult

to establish trust than in the case of imports from the Soviet Union. Algeria had
been a French colony until 1962, and the country’s independence was followed
by political turmoil and economic chaos. The new political leaders often changed
their minds regarding what was to be regarded as a “fair” gas price. As a result,
several “agreements in principle” and even a few final contracts with Algerian
state oil and gas company Sonatrach did not ultimately materialize. In Germany
an LNG terminal under construction at Wilhelmshaven for receiving Algerian gas
was never completed. Several Western European gas companies with an interest
in Algerian gas eventually judged that cooperation with Algeria was too risky.44

Although far-reaching visions for a key Algerian role in Europe’s gas supply had
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been promoted since the 1950s, it was not until the 1980s that exports from
Algeria actually experienced a breakthrough.
In the longer term, hesitant would-be importers were often convinced of the

trustworthiness of a certain exporter by its performance in terms of exports
to other countries. Pilot projects, in which the economic stakes were not that
high, were thus of a certain significance. Transnational gas relations often began
with agreements between countries (or regions within countries) whose existing
gas infrastructures offered convenient interconnection possibilities. In such cases
the necessary investments in cross-border pipelines were not very large and the
perceived economic risks were low. For example, when Austria began import-
ing natural gas from the Soviet Union by way of Czechoslovakia, only 5 km
of new pipelines had to be built to interconnect the already existing national
infrastructures of Austria and Czechoslovakia. The trade, which started in 1968,
was reported to function satisfactorily, and this became an argument for the
German Ministry of Economy to change its mind regarding the Soviet Union as a
gas exporter. The perceived trustworthiness of this country then increased gradu-
ally. By 1969, an import from the East corresponding to up to 10 per cent of total
German demand was considered acceptable from a security perspective.45 Three
years later the perceived vulnerability had decreased, so that a level of 14 per cent
was not regarded as problematic.46 By the early twenty-first century, Russian gas
covered around 35 per cent of total German gas demand.47

The foreign partners also included participants in third countries that were
needed for transiting the gas. Some transit routes were seen as too risky. West
Germany, for example, did not wish to import Soviet gas by way of the GDR at a
time whenWest Germany had not even recognized the existence of its neighbor as
a sovereign state. Importing gas by way of Czechoslovakia, in contrast, was politi-
cally acceptable. Similarly, the GDR and the Soviet Union favored Czechoslovakia
as a transit country over the politically less reliable Poland. The plan for the GDR’s
gas supply was originally to transit the gas through Poland, but after the violent
strikes in northern Poland in 1969, the Soviets changed the plan to supply the
GDR instead through the much longer, but arguably safer, Czechoslovak route.48

Relations with transit countries thus strongly influenced the geography of the
European network in natural gas.

Contractual arrangements

Carefully designed long-term bilateral gas contracts became the core feature gov-
erning the emerging transnational infrastructure. The first of these contracts,
which were typically signed for a period of 20–25 years, were negotiated between
the Dutch gas company NAM and importing companies in Germany, Belgium,
and France. As Esso and Shell were dominant shareholders in both NAM and sev-
eral of the importing companies, they were able to exert a strong influence on
both the general design and the specific contents of the contracts.
The Dutch export contracts became a model for governing transnational gas

relations in Europe. Soviet exports, in particular, were largely modelled on the
Dutch experience. When the Soviet Union started to consider gas exports to
Western Europe, the first thing Moscow did was to arrange a meeting with
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representatives from NAM and Thyssengas (the first large German importer of
Dutch gas), seeking to understand how Dutch exports had come about and how
they were organized.49 When Ruhrgas inWest Germany negotiated the price of gas
with Soviet foreign trade organizations, the Dutch export price was also a central
point of reference to which all other issues had to refer.50 The Dutch contractual
model also spread to countries that were not directly involved in the original deal
with NAM, such as Sweden and Denmark.
The contracts contained extensive paragraphs defining technical aspects such

as gas quality and how it was to be measured, but the key features concerned the
gas price. The governments in importing countries took an active role in assuring
a “harmonious” entry of Dutch gas onto their fuel markets. Hence the gas price
would have to be competitive but not too low. To reduce the risk that the gas
would outcompete, or be outcompeted by, other energy sources, it became impor-
tant to adapt the gas price to the price of other fuels, of which the most important
was fuel oil.
This was fairly unproblematic as long as oil prices remained stable. The first

contracts for exports of Dutch and Soviet gas that were signed in the mid-1960s
did therefore not explicitly link the gas price to the price of fuel oil, although
they allowed for a revision of the gas prices “in the event that economic circum-
stances beyond the control of the parties” occurred.51 However, with growing price
volatility on world fuel markets from around 1970, almost all transnational gas
contracts that were signed included a paragraph that linked the gas price to the
price of fuel oil, and gave the parties the right to renegotiate the gas price if the
oil price changed substantially – upwards or downwards. European gas markets
thereby became linked to world market prices for oil.52

The gas contracts also regulated potential critical events that might take place
in the transnational gas trade. Detailed paragraphs identified formulas for penal-
ties to be paid by the exporter in case of non-delivery or failure to deliver the
right gas quality, while listing events in which penalties would not have to be
paid. Other ways of dealing with interruptions in gas supply was through clauses
regarding mutual assistance in cases of emergency. This included the mutual use
of gas supply, but also the will to start negotiations in case of severe economic
“hardship.”53

As a rule, the gas contracts were placed under the jurisdiction of the exporting
country. Thus, in the case of the Swedish-Danish gas deal, all juridical actions
would take place in a Danish court, according to Danish law.54 However, in the
contracts signed between Western European countries and the Soviet Union, this
was never the case. Instead, the contracts would answer to the laws of a third
country.55 Thus the Soviet-Austrian contract of 1968, as well as the Soviet-Finnish
contract of 1971, stipulated that in case of a conflict that could not be resolved in
a friendly way, an independent court in Sweden would resolve the matter.56

The role of the state

The state’s role in negotiating the contracts and governing the transnational gas
trade varied from country to country. The Dutch state played a reticent role behind
the scenes when the first exports of Groningen gas were negotiated. Up to 1975
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it was not formally part of the contractual arrangements. Instead it was NAM –
that is, Shell and Esso – that carried out the negotiations with prospective foreign
customers. De facto control over the export contracts, however, was exercised by
another company, Gasunie, which was owned 50:50 by NAM and the Dutch state.
This meant that the Ministry of Economic Affairs had to agree to all contracts
signed. NAM was a façade used by the Dutch government to avoid the impres-
sion that it was actively involved in hydrocarbon exports, a sensitive issue at a
time when many OPEC countries were pushing for stronger state participation in
their national oil industries – at the expense of foreign companies, such as Shell.
In 1975, however, when OPEC governments had seized control over most pro-
duction plants, the NAM façade was abolished and Gasunie became the formal
signatory to contracts.57

The importing countries did not face the same problems. Clearly, the govern-
ments in all importing countries wanted to take part in shaping transnational
governance. The ways in which they did so varied, however. In West Germany,
which did not have any national oil or gas company, the state sought to play
a “facilitating” role when the contracts were negotiated. The German Ministry
of Economy sent its gas expert, Norbert Plesser, as an “observer” to the German-
Soviet negotiations in 1969, and the government made clear to all involved parties
what it would and would not accept.58 Formally, however, all import contracts had
the status of private business deals. The government’s most immediate role was to
act as a guarantor for export credits that were agreed upon in connection with the
countertrade arrangements with the Soviet Union.
In Italy, relations between ENI and the government were problematic and

conflict-ridden – despite the fact that ENI was state-owned – as ENI acted much
more independently than the government thought reasonable.59 In the Austrian
case, the government was not formally involved, although it was very active in
shaping the countertrade arrangements with the Soviet Union.60 However, since
Austrian gas company ÖMV was a fully state-owned company and its relations
with the government were less strained than in the Italian case, the government
had a certain indirect control over the negotiations and the contracts. This was
also the case when the Sydgas pipeline between Denmark and Sweden was nego-
tiated, as both the exporting and importing companies were state-owned. In this
case, however, the respective governments were more prominent in the negotia-
tions, with the initial talks leading to the contract being organized by state officials
from the Swedish Ministry of Industry.61 The final negotiation about the gas price
was even held in private between the Swedish and Danish ministers of energy,
Carl-Axel Petri and Poul Nielsen.62

Bilateral vs. multilateral governance

The natural gas story provides an example of transnational governance in which
international organizations have had very limited influence. Instead, a patch-
work of bilateral relations between major gas companies formed the backbone
of the European natural gas regime. The EEC and other international organiza-
tions formed arenas for discussions but did not reach much beyond that, and they
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appear not to have decisively influenced any major natural gas deals. This also
concerns sector-specific organizations such as the ECE’s Working Party on Gas
Problems, mentioned above, and the International Gas Union, each of which had
both Western and Eastern European members.63 Gaz de France in the late 1950s
and early 1960s actively sought to use the ECE to promote its vision of Algeria, at
that time still a French colony, as the key to the future regarding Europe’s oil and
gas supply. With the extent of Dutch and North Sea gas reserves still unknown, it
sought an alliance with the Soviet Union, seeing the future of Europe in “gas from
the sands and gas from the steppes.” But the French did not find any support for
this idea in the international community – not even from the Soviet Union.64

AmongWestern European importers, who shared a common interest in enabling
secure inflows of gas, there were attempts to develop closer cooperation on the
regional level. The cooperation initially took the form of customer consortia that
sought to increase their bargaining power vis-à-vis exporters by acting collec-
tively. These attempts started with the joint Western European negotiations for
Algerian gas in the early 1970s and also characterized later negotiations concern-
ing Norwegian, Iranian, and Soviet gas.65 In some cases, however, it was not only a
shared feeling of resource scarcity that allowed such consortia to emerge but also a
feeling of cultural community. Hence the Netherlands participated in some of the
importing consortia despite the immense natural gas reserves at its own disposal.
But the Dutch were also very active in raising the gas issue at the level of the EEC
when their own exports seemed threatened by competition from Algeria and the
Soviet Union, arguing that natural gas from outside the EEC should not be given
the same rights as Dutch gas on the internal market.66

It is an interesting question as to whether it would have been possible to
establish a multilaterally rather than bilaterally focused form of governance in
the European natural gas industry. The 1960s, which was the formative decade
for the transnational European gas infrastructure, was a period when the need
for a “common energy policy” was hotly debated within the EEC. However,
the widely diverging interests of individual EEC member countries – particularly
between exporters and importers – made it difficult to agree on a common nat-
ural gas policy. Moreover, it appears that once the first major bilateral contracts
had been signed, anticipating a very long-term cooperation, the fundamentals
of the European supply structure had already been defined for the foreseeable
future, reducing the prospects for establishing an alternative, multilateral regime.
Considerable momentum in terms of styles of governance was thus quickly estab-
lished. It was only from the late 1980s, when “deregulation” of electricity and
gas began to be discussed within the EEC, and the TEN-E program for support to
transnational system building was launched, that the EEC managed to take a more
active part in shaping the European natural gas system.

Coping with vulnerability in practice

From the perspective of gas importers, the worst-case scenario was a long-term,
total interruption of gas imports from a major foreign supplier. One way to reduce
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this risk was, as we have seen in the previous section, to choose foreign partners
that were deemed both trustworthy and competent, and to formulate detailed
contractual obligations for the exporter (and, in some cases, transiteers). As a
complement to these arrangements, importers developed methods and strategies
on their own to prevent gas disruption, should it actually occur, from (seriously)
affecting users.

The quest for diversification

One strategy pursued in this context was the diversification of supply sources.
Diversification became particularly important as the role of natural gas and the
absolute volumes consumed increased. It was considered risky to depend on a sin-
gle foreign supplier. Therefore, as soon as agreement had been reached for imports
from one country, importers had strong incentives to negotiate additional gas
imports from other countries, seeking to reduce dependence on the first supplier.
As long as different suppliers balanced each other, it was considered acceptable
to increase the overall level of import dependence, in both relative and absolute
terms. For example, in 1972 the German Ministry of Economy argued that

to the extent that the German gas industry can obtain additional natural
gas volumes from other areas, imports from the Soviet Union could also be
increased without further ado.67

This logic became an important driving force in the further transnationalization
of natural gas in Europe. In other words, the quest for diversification tended to
accelerate the pace of transnational integration. The diversification logic became
particularly evident in large countries, such as Germany, France, and Italy, which
were situated in reasonable proximity to various potential suppliers and which, as
a result, came to build the most transnationalized gas systems in Europe. Germany
saw it as advantageous to complement imports from the Netherlands with imports
from the Soviet Union and later from Norway, whereas Italy’s initial imports of
LNG from Libya were quickly complemented by imports of Soviet, Dutch, and
eventually also Algerian and Norwegian gas.
An interesting issue in the context of diversification was the fact that gas from

different sources was not necessarily interchangeable. In particular, Dutch gas
from Groningen and north German gas had a lower heat value than Soviet and
Norwegian gas. Groningen gas was referred to as L-gas, as opposed to the H-gas
delivered from the Soviet Union, North Africa, and the North Sea. In the 1960s,
when Dutch gas started to be exported, it seemed that L-gas would become the
standard in those countries that imported Dutch gas, largely coinciding with the
EEC area. Similarly, H-gas appeared to be the natural standard gas in Eastern and
Southern Europe.
However, when Soviet gas began to be imported into Germany, where Dutch

gas was already used to a great extent, a major question was how to deal with the
two gas qualities. One possible strategy was to build separate pipeline networks
for Dutch and Soviet gas. Another was to transform H-gas into L-gas by adding
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nitrogen. Ruhrgas concluded that separate gas networks might increase vulnera-
bility, since gas of one type would then not be able to come to the rescue in case of
an interrupted gas supply from another source. For this reason, Ruhrgas initially
aimed to invest in expensive facilities to harmonize the heat value of Soviet gas
with that of Dutch and north German gas, so that gas from different sources could
replace each other. The need for such investments, which made little economic
sense, was used as an argument for negotiating a lower gas price with the Soviet
Union in 1969.68

Before deliveries of Soviet gas had commenced, however, Ruhrgas changed its
strategy, deciding to enable the use of Soviet gas in Germany – initially in Bavaria –
without transforming it. This was because in the meantime agreements had been
signed with Norway for the import of North Sea gas and with Algeria for the
import of Saharan gas (the latter project failed). Both concerned H-gas. A fur-
ther contract was also under negotiation with the Soviets. It therefore increasingly
appeared that Dutch gas, after all, would not become the dominant gas type in
Germany. It also meant that Norwegian and Algerian gas would be able to help
the Bavarians out in case of a supply crisis, without any costly transformation.
Norwegian gas, in particular, was expected to play a crucial role as emergency fuel
in the case of interrupted supplies from the Soviet Union – and vice versa. The
arrangement was codified through contractual agreements between Ruhrgas and
Bayerngas for the eventuality of shortages.69

The only problem was that Norwegian gas was not available at the time when
Soviet exports to Bavaria started in 1973. The first deliveries from Norway were
expected in 1976. The regional Bavarian government came under pressure from
opposition parties to deal with possible supply disruptions in the interim. Even-
tually it was decided to build an interconnecting pipeline between Bavaria and
Baden-Württemberg, which was supplied from the Netherlands, and an expen-
sive conditioning facility for transforming Dutch L-gas into Soviet H-gas quality.
Since the investments were uneconomic – no one knew whether the arrangement
would ever be needed – the facilities ended up being financed by Munich and
Bonn.70

Soviet H-gas thus became the de facto standard in most parts of Germany,
although a separate L-gas network continued to exist in areas close to the Dutch
border. With the decrease in Dutch gas exports to Germany, this area grad-
ually shrank, thus changing the geography of vulnerability. This process had
consequences for users. In northern Bavaria, complaints were loud among the
population when users in 1971–2 first had to switch from coal gas to Dutch nat-
ural gas, and then in 1974–5 once more from Dutch natural gas to Soviet natural
gas, whereby each transition required the purchase of new gas burners or the costly
modification of old ones.71

It was thus not an easy thing, in practice, to use diversification of supply as
a method for countering vulnerability. Moreover, not all countries succeeded in
diversifying their supplies. As we have seen, both Finland and Sweden, which
were totally dependent on the Soviet Union and Denmark, respectively, failed to
access additional supplies.
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The need for diversification was felt not only in Western Europe but also in
the communist countries of Central and Eastern Europe. The desire to diversify
inspired a number of attempts to link up with non-Soviet gas sources, though
without much success. East Germany tried in vain to get access to Dutch natu-
ral gas as a complement to Soviet imports, and Czechoslovakia similarly failed
to link up with LNG supplies from Algeria by way of Adriatic harbors. In the
1980s, Poland discussed a possible pipeline from Norway but also failed. Likely
reasons were opposition from Moscow and failure to raise sufficient funding, but
it may also be that the communist would-be importers did not manage to per-
suade Algeria and the Western exporters of their ability and willingness to actually
receive and pay for the gas.
The lack of freedom in influencing the emerging natural gas infrastructure was

particularly obvious for those countries and regions that had ceased to exist after
the war, having been incorporated into the Soviet Union – namely, the Baltics and
the eastern regions of what had been interwar Poland. The Baltic republican gov-
ernments, particularly the Latvian one, were suspicious about the single pipeline
through which the Baltic region was connected to the gas fields in Ukraine. The
republican governments tried, through numerous petitions to the Gas Ministry
and Gosplan in Moscow, to gain support for a more diversified supply structure.72

It took until 1972 before this wish was fulfilled through the construction of a new
pipeline from northern Russia to Riga. By that time the Baltic republics and Belarus
had already come to experience the hardships that followed from numerous gas
outages, particularly during winter.

Countering vulnerability through domestic reserves
and underground storage

As an alternative to diversification, importing countries and regions could use
their local gas fields as a backup gas source. This strategy became particularly
important in countries that were able to import gas from only one other country.
The existence of domestic gas reserves was an important condition for Austria’s
willingness to conclude a first contract with the Soviet Union in 1968. The con-
tract was of enormous importance for Austrian gas company ÖMV, which foresaw
a rapid increase in Soviet deliveries; within only a few years, Soviet gas was to con-
tribute more than half of national consumption. Such a development would have
been unthinkable had the country lacked access to sizeable domestic gas fields as a
backup source. The gas geography was particularly convenient in this context: the
main Austrian fields were located near the Slovak border, where the Soviet gas was
to arrive, and ÖMV could thus treat the imports logistically as just another large
gas field. This state of affairs made it possible for the Austrians to be very patient
when the Soviets initially had great difficulty in living up to their export promises
specified in the 1968 contract. During ÖMV’s first years of gas imports, partial or
total interruptions in supply were the rule rather than the exception.73

The reasons for these interruptions were linked to the general weakness of
the Soviet economy and the central planning system. The Soviet gas minister,
Alexei Kortunov, argued that the problems in supplying Austria stemmed not from
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within the gas ministry itself but from the failure of other ministries to deliver
steel pipes, compressor stations, and other equipment necessary to guarantee the
new export regime. Sometimes the equipment had been produced, but logistical
problems hindered delivery, so that pipeline construction was delayed. In autumn
1968, for example, the Western steel pipes that the Soviets had bought in return
for gas, and which were to be used for constructing the export infrastructure,
were lying idle in Leningrad’s harbor because the necessary railway cars were not
available.74

The Austrians, unaware of the disastrous logistics of the centrally planned Soviet
economy, regarded the delays as “teething problems” with the new arrangement.
They could afford to adopt such a perspective because it was easy for ÖMV to
quickly balance any shortages in Soviet gas by way of accelerated domestic pro-
duction.75 Hence Austrian gas users never noticed these early problems, which
were not publicly known. Moreover, ÖMV’s optimistic interpretation became an
argument for Italy, France, and Germany to go ahead with their plans to negotiate
very large imports of gas from the Communist Bloc.
Apart from domestic gas reserves, importing countries also constructed artificial

reserves in the form of underground storage facilities. These came to play a key role
in combating supply interruptions from abroad, although their main purpose was
to enable “peak shaving” and, more generally, load factor management, thereby
seeking optimal utilization of the pipeline infrastructure. The dual purpose of gas-
storage facilities – for load factor management and for security of supply – was
seen as an advantage since importing countries did not want to openly let their
foreign partners know that they felt skeptical about their intentions and abilities
to fulfill their export obligations.
The most radical European case of a gas-storage facility built for security reasons

was in West Berlin. This involved the creation of a huge underground reservoir,
with the help of which the isolated city would be able to secure its gas supply for
a year even in the case of a total interruption of supplies, without users noticing
it. The gas was to come from Soviet sources, and a further political uncertainty
involved transiting this gas through the GDR. Before the storage facility had been
completed, however, its main rationale suddenly disappeared, as a consequence of
the fall of the Berlin Wall.76

The quest for a gas-storage facility in Sweden provides a further interesting
case. Sweden was particularly vulnerable to potential import disruptions since it
received all of its gas by way of a single pipeline (from Denmark) and did not
possess any domestic gas fields that could be used as a backup. Construction of a
storage facility was therefore considered to be an important investment, despite
the high cost and technological challenges that it entailed. There was major inter-
est from various actors to invest in the project, which was a recurring theme
throughout the 1980s and part of the 1990s, despite the relatively small amounts
of natural gas that were being imported. However, geological factors prevented the
facility from being built and, in the end, Sweden handled its security of supply in
other ways – for example, by negotiating with Denmark about the use of Danish
storage facilities.77
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The strategies of diversification, the use of domestic gas reserves, and the con-
struction of gas-storage facilities to counter vulnerability were all dependent on
the existence of an efficient domestic pipeline infrastructure. Without a good
infrastructure, it was impossible to redirect gas flows quickly in case of an unex-
pected interruption in supply from abroad. Security considerations in this sense
stimulated the construction, further development, and effective maintenance of
national gas grids. They also stimulated the development of efficient organiza-
tional arrangements, and of advanced information and control systems to keep
track of the gas and rapidly calculate the most efficient gas flows in the case of an
interruption from abroad. Of course, these arrangements could also be used in the
case of unexpected interruptions within national systems.

Interruptible customers

An additional fundamental strategy for countering vulnerability was to supply
natural gas only to those customers that had access to alternative fuels and could
switch to these quickly and easily in case of delivery problems. Such arrangements
were common particularly in the early phase of development in the European nat-
ural gas industry. The strategy was particularly important in countries and regions
that were located at the remote end of a single pipeline and lacked domestic gas
resources or strategic storage facilities. Sweden, for example, not being able to
construct a domestic underground storage facility, used interruptible contracts as
a method to improve the efficiency and security of its gas system. Finland, being
totally dependent on the Soviet Union, was another case in point.
Stockpiling coal and oil were the most common forms, and the users in question

were either large industrial companies or electric power plants. The same method
was also used for load-management purposes, so that natural gas was used in a
power plant, for example, only during certain hours of the day or certain months
of the year, when gas demand among other consumers was low. An interesting
case is Leningrad’s gas supply. Situated on the far end of a pipeline that stretched
from the northern Caucasus over Moscow to the former imperial capital, in the
1960s the Soviets developed a regime according to which Leningrad’s pattern of
use was to be the reverse of Moscow’s. Hence Leningrad’s gas supply decreased in
winter (when demand was high in Moscow) and increased in summer. Leningrad
simply received the volume of gas that Moscow did not need.

Europe through the lens of natural gas

The history of natural gas in Cold War Europe, in which East and West were cru-
cially interlinked, contradicts much of mainstream European historiography, in
which an “Iron Curtain” is thought to have divided Europe into two antago-
nistic camps, cooperation between which is usually argued to have taken place
only on the margins. The huge gas pipelines that penetrated both the Iron
Curtain and the Mediterranean enable us to discern a different Europe. This
section discusses Europe through the lens of natural gas, first, by looking at the
European “vulnerability geography” that resulted from the gas trade and, second,
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by analyzing the “hidden regionalization” of Europe that emerged from the late
1960s and onwards.

The vulnerability geography of the European gas system

Which parts of Europe have been most vulnerable to critical events in natural
gas, such as interruptions in gas supply? Western Europe’s fear of falling victim
to interruptions in supplies from the East was not realized during the Cold War.
The Soviets had difficulty in supplying gas for exports during a few initial years,
but from 1974 the impression in the West was that the Soviet Union had turned
out to be a trustworthy partner, since the contracts were “fulfilled precisely.”78

Nevertheless, worries among the population in importing countries and pressure
on the political level forced gas companies to implement security mechanisms of
the types discussed above. Expensive security-related projects were thereby often
partly or even fully financed by the state. When Washington opposed a scaled-up
Western European gas import from the Soviet Union in the early 1980s, the Reagan
administration used this circumstance to argue against the Yamal pipeline:

If Europeans factored in all the costs of importing Soviet natural gas – includ-
ing the expensive measures necessary to insure against politically induced
or technically caused supply interruptions, military spending to offset Soviet
technology acquisitions made possible by gas sales, and interest rate subsi-
dies for pipeline construction – the pipeline project would prove financially
unattractive.79

But Western European fears of supply disruptions from non-Western exporters
also stimulated and accelerated the process of strengthening the links between
the gas networks of EEC member countries. Several Western European politicians,
notably in West Germany, argued that close Western European cooperation in the
construction of a unified gas transmission infrastructure was necessary in order
to make it possible, in the case of supply interruptions from the Soviet Union or
Algeria, for those regions affected to access gas sources quickly from elsewhere in
the larger system – that is, from other member states. Fritz Burgbacher, a promi-
nent German member of the European Parliament and deputy chairman of the
Economic Committee of the NATO Parliament, argued as early as 1967 that gas
produced in EEC member states should be regarded as “domestic.” A central task
for strengthening security of supply would thus have to be the construction – with
NATO contributing financially – of a unified EEC gas grid, “so that the balancing
of our energy supply with neighbor states and allies, which is especially neces-
sary in the case of crisis, can be carried out.”80 Vulnerability to interruptions in
gas supply from outside Western Europe could be reduced, they believed, through
deeper integration among the Western European countries themselves. Western
European gas integration was thus boosted by the perceived vulnerability to inter-
ruptions from the outside. In other words, in natural gas the idea of “Western
Europe” was largely a product of perceived vulnerability.
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While importers in Western Europe, accordingly, built effective protection
mechanisms for countering disturbances both nationally and at the EEC level, the
most vulnerable gas users in the context of the East–West gas trade were, paradox-
ically, gas users in the Soviet Union. This was because domestic Soviet users were
supplied from the same gas fields as were the foreign importers. When gas produc-
tion was insufficient to meet the total demand, the Soviet gas ministry faced the
delicate choice of either failing to honor its export commitments or sacrificing the
gas supply to industries and households in the Soviet Union. The Soviets chose
the second option.
The result was devastating for industries as well as for the local population,

not only in western Ukraine but also in Belarus, Lithuania, and Latvia, all of
which competed with Czechoslovakia and Western Europe for access to scarce
west Ukrainian gas. Families found themselves living in ice-cold houses without
any way to cook. Many industries were forced to a standstill as logistical failures
prevented them from accessing sufficient volumes of reserve fuel in the form of
oil or coal. The population used their local Communist Party organizations to
vent their anger, and desperate letters were sent to Moscow, begging the country’s
leaders to force the gas ministry to improve the situation.81

Gas users in the Soviet Union faced an increasingly problematic situation due to
the anarchic chaos that followed in times when supply failed to match demand.
In cooperation with the gas ministry, Gosplan, the powerful Soviet planning orga-
nization, worked out detailed lists that prescribed how much gas a certain factory
was allowed to use in case of a critical event. But these instructions were rarely
followed and users located on the far end of pipelines became defenseless victims,
despite repeated attempts by Moscow to prevent upstream users from using more
gas than they were entitled to.
The completion of large pipelines from Siberia improved the situation, but it

remained far from harmonious. In the stagnating Soviet economy, investments
in and maintenance of the export pipelines and compressor stations were often
neglected. The result was frequent accidents, explosions, and temporary inter-
ruptions of a “technical” nature. In the mid-1980s, Soviet gas transport along
the largest transmission lines thus experienced about 28 stoppages per year, each
averaging more than four days.82 Western European countries, which had always
been suspicious of Soviet gas deliveries, though from a political rather than from a
technical point of view, were well protected against these temporary breakdowns.
In Central Europe, however, where gas-storage facilities and other emergency
arrangements were often lacking, industries and households were affected directly.
In the post-Soviet era, this historical legacy continued to play a major role in
shaping Europe’s gas vulnerability geography, and thus it was the post-communist
countries of Central and Eastern Europe that were most severely affected by the
recurring Russian-Ukrainian gas crises cited in the introduction to this chapter.
Europe’s vulnerability geography, as outlined above, can be taken as evidence of

an East–West divide in Europe’s natural gas history. Obviously, vulnerability was
influenced not only by the behavior of suppliers but also by the overall func-
tioning of economy and society in the user regions, along with the extent to
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which a region or a country possessed mechanisms for countering gas disruptions.
Against this background it is not surprising to find a strong correlation between
the ways in which countries were affected by supply problems, and their polit-
ical and economic systems. From this perspective the history of natural gas can
arguably be said to fit with the view of Cold War Europe as a continent radi-
cally divided between East and West: on the one side the communist, centrally
planned economies that were members of the COMECON and the Warsaw Pact;
on the other side the capitalist, market-centered economies, most of which were
members of the EEC and NATO.

The gas regions of Europe

The making of the European natural gas system has been characterized by close
and long-term transnational cooperation that was not divided by the “Iron Cur-
tain.” Austria, Italy, and Bavaria became part of the Soviet-based natural gas
system before they linked up with the Dutch and North Sea-based infrastructures,
and they became more dependent on Soviet than on Dutch and North Sea
gas. Greece, a NATO and EEC member, came to rely on Soviet gas only, as did
Finland.
At the same time, we find an interesting relationship between the “hidden inte-

gration” of Europe, in the form of the construction and use of a transnational gas
infrastructure, and the politically and economically more visible integration that
proceeded in parallel. For the Soviets, for example, the incorporation of Austria
into the Eastern European natural gas system – at a time when the country was
pushing for an association with the EEC – became a way of counteracting the
overall political trend of Western European meso-integration. In the same way,
Egon Bahr and Willy Brandt in Germany deliberately sought to place the German-
Soviet natural gas negotiations into the framework of developing a new German
“Eastern policy” from 1967 on. Natural gas was thus an integral part of broader
political developments in Europe.
The latter aspect also applies to developments within the Soviet Union and the

COMECON region. Here, transnational gas networks were of a certain significance
both politically and symbolically. After the Second World War the emerging all-
Soviet natural gas system became a very concrete and material way of integrating
the newly annexed Soviet territories with the rest of the country, tying Galicia
(in what had been eastern Poland) and the three Baltic countries (which had
become three Soviet republics) to Belarus and central Ukraine. Natural gas became
a tool of Sovietization and an instrument in erasing the perceived Europeanness
of Galicia and the Baltics. Stimulating a system-building process that made the
new Soviet republics highly dependent on each other for their gas supply, the
Kremlin also fostered a perceived vulnerability of these republics to attempts at
breaking out of this emerging system. From the early 1960s, Moscow proceeded
by seeking to extend the emerging transrepublican system of gas dependencies to
the communist satellite states in Central Europe. The Soviets complemented this
strategy by preventing the Central European countries from signing import con-
tracts with alternative suppliers in Western Europe or North Africa. Moreover, the
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Soviets succeeded in turning the construction of transnational gas networks into
a showcase of successful cooperation within the COMECON.
The Cold War era was also one of decolonization in Africa, with bitter wars

of independence and strained relations between the new African states and the
former colonial powers, particularly France, for whom the loss of Algeria became
a traumatic experience. Independent Algeria embarked on a new, radical devel-
opment that made its political and economic situation radically different from
that of France, and the Algerians partly hostile to the French. Nevertheless, France
started importing Algerian natural gas on a large scale. This seems to indicate that
the close links between France and Algeria in the past, Algeria’s familiarity with
the French language and culture, the existence of cross-border epistemic commu-
nities, and Algeria’s geographical proximity (and thus the economic feasibility of
transporting gas) were stronger than political tensions between the two countries.
If a divided Europe is to be constructed analytically on the basis of transnational

dependencies, it is a Europe consisting of three major mesoregions, defined by
their major source of natural gas. These regions can be labelled Eurasia, Eurafrica,
and North Sea Europe. The boundaries between them have evolved and continue
to evolve over time, a process that might be thought of as a “hidden regional-
ization.” The boundaries between the gas regions rarely coincide with national
borders; the major division lines cut through the hearts of Germany, France, and
Italy. The main gas companies in these three countries – Ruhrgas, Gaz de France,
and ENI, respectively – have consistently pursued a diversification strategy, mak-
ing them part of at least two regions (see Tables 2.1 and 2.2). All other countries
clearly belong to one particular region only (Figure 2.5).
Some parts of Europe, however, were not part of any region at all; they remained

white spots on Europe’s natural gas map. To these belonged, throughout the Cold
War era, most of Poland, which for a long time was not integrated to any signif-
icant extent with any one of the major regions. Today the main remaining white
spot on the map is formed by a large part of Scandinavia where natural gas is not
used at all. Despite a long tradition of cooperation and a sense of cultural commu-
nity, the Nordic countries have failed, with the exception of the Danish-Swedish
pipeline, to create a transnational gas infrastructure. This must be regarded as
highly intriguing, especially when contrasted with the deep integration across the
East–West political divide.
All in all, it thus proved possible to build pipelines between countries that one

perhaps would not have expected to cooperate. Conversely, possible pipelines
between countries that were close to each other in a political and cultural sense
often were not built. It would have been perfectly possible to create a transnational
European pipeline infrastructure coinciding precisely with the established politi-
cal, military, or economic “blocs” in Cold War Europe, but this did not happen.
The reasons for actors’ willingness to transcend the major borders between dif-
ferent blocs – notably the Iron Curtain – have been scrutinized in the previous
sections. Overall, the impression is clearly that the “blocs” – both in natural gas
and from a more general political perspective – were in reality not as sharply
defined as European historians have wanted them to be. They were often much



56 Natural Gas in Cold War Europe

Figure 2.5 European mesoregions for natural gas, by dominant source of supply.

weaker constructs, and the barriers within blocs were in some cases higher than
between them. The construction of a transnational infrastructure for natural gas
was used as an instrument for lowering barriers between blocs even further.
It is only through such an adjusted, more complex political map of Cold

War Europe that we can understand the overwhelming extent to which factors
such as geographical and cultural proximity, epistemic communities of trust,
and economic rationalities could be transformed by actors into convincing argu-
ments for building dependency-generating pipelines that transgressed the Iron
Curtain, the Mediterranean, and other allegedly major barriers in Cold War
Europe.
To a certain extent the major gas pipelines in and to Europe can be said to fol-

low routes that lead rationally and logically from major gas-producing regions to
major gas-consuming regions. It is worth repeating, however, that Europe’s natu-
ral gas geography could have looked different. For example, Dutch, Algerian, and
North Sea gas could clearly have supplied all of Germany, France, Austria, and
Italy, making these countries independent of deliveries from the Soviet Union.
There were no objective pressures or arguments that compelled these countries to
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engage in natural gas imports from certain regions rather than others, as long as it
could be economically justified. The importers’ choice of partners was deliberate,
and might have been different if other system-builders had been involved, with
different agendas, visions, and worldviews.
The choice to import large volumes of Soviet gas seemed controversial in chal-

lenging the postwar ideological divide, but it seems less surprising if seen in a
longer historical perspective. Natural gas was but the latest among the raw mate-
rials and agricultural products that had been imported from the East for centuries,
and which had formed part of the backbone of Europe’s economic geography.
In particular, Western Europe’s import of Soviet natural gas built on a long tra-
dition, stretching back to the mid-nineteenth century, of importing Russian coal
and oil.
The attempts of the United States to prevent Western Europe from trading with

the Communist Bloc became a major hallmark of the Cold War period. Western
European countries themselves were less inclined to give up their Eastern trade
relations, with their deep historical roots, for the sake of ideological and mil-
itary considerations. From this perspective, the struggle over imports of Soviet
natural gas was also a struggle relating to what Europe should be. Washington
preferred a divided Europe and sought, instead, to favor a tightly integrated mini-
Europe in the West, which was to be closely linked to North America. In contrast,
most European countries, judging from our material, regarded a much more open
Europe, with large-scale flows of energy and technology between East and West, as
the natural and historically justified path. As we have seen, key actors in theWest –
such as Rudolf Lukesch in Austria and Otto Schedl in Bavaria – sought to use their
historical traditions of trading with the East when attempting to link up with the
Soviet natural gas infrastructure. They were not only pragmatic but also histori-
cally aware and culturally sensitive personalities whose worldviews – and views of
Europe – differed markedly from those of Dwight Eisenhower or Ronald Reagan.
Not all US presidents opposed the European natural gas trade. At the formative

moment, when Western Europe was negotiating its first contracts with the Soviet
Union, Washington opted to take a passive stance. This seemed to fit with the
more relaxed relations between the two superpowers at the time. Washington’s
stance changed under Reagan in the early 1980s, when it sought to deliberately
prevent natural gas imports to European NATO members from the Soviet Union.
By then, however, the momentum of the natural gas infrastructure had already
reached a high level and the attempts to prevent the East–West gas trade from
scaling up failed.
The natural gas story thus demonstrates how during the Cold War, which also

coincided with the transition from colonial to post-colonial relations, Europe was
able to build on economic and cultural experiences from the past to overcome
political and military divides.
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Prologue: Contours of a critical event

November 4, 2006, late Saturday evening. German electric power transmission sys-
tem operator E.ON Netz disconnects an extra-high voltage line over the Ems River at
the request of a northern German shipyard. This should allow the large cruise ship
Norwegian Pearl to pass safely from the yard to the North Sea. Other power lines are
supposed to take over the duties of the disconnected line as usual in this routine operation.

This evening is different, however. When E.ON Netz switches off the line the burden
on other lines in the network increases, as expected. Several of these are now operating
near their maximum capacity. Further fluctuations of electric currents cause one line to
overload and automatically shut down at 22:10:13. The following sequence of events is
astounding. Within a mere 14 seconds, a cascade of overloads and power lines tripping
spreads throughout Germany from northwest to southeast, each tripped line increasing
the burden on the rest of the system. In the next five seconds the failure cascades as
far as Romania to the east, Italy to the south, and Portugal to the southwest. The inci-
dent affects electricity supply in about 20 countries, and supply is cut selectively to some
15 million households. Via the Spain–Morocco submarine cable the disturbance reaches
Morocco, Algeria and Tunisia, where lines trip and consumers are left in the dark.1

The failure is soon repaired but the event continues to live on in the press and in polit-
ical debate.2 Newspaper reports, such as the Associated Press article “German-Triggered
Blackout Exposes Fragile European Power Network,” quote pro-European Union (EU)
politicians, who argue that the blackout reveals an intolerable fragility of Europe’s elec-
tric power grid.3 They blame this fragility on decentralized, insufficiently “European,”
power-grid governance by transmission companies and their international associations.
Romano Prodi – Italian prime minister and former European Commission president –
sees “a contradiction between having European [electric power] links and not having one
European [electric power] authority . . . We depend on each other but without being able
to help each other, without a central authority.”4 The EU Energy commissioner, Andris
Piebalgs, stresses that “these blackouts . . . are unacceptable” and “confirm the need for a
proper European energy policy.”5 “European” here denotes EU intervention. Next follow
debates about an EU-level regulator, formally binding EU legislation, and an EU priority
interconnection plan.6
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Power sector representatives, however, completely disagree. If the events of 4/11
(European notation) prove anything, it is that existing security measures and governance
structures work well, for the failure was quickly contained and repaired. The incon-
venience to consumers remained minimal. The lights stayed on for the overwhelming
majority of European households and businesses. Where supply was cut, it was cut by pro-
tection gear in a way that facilitated quick restoration, generally within 30 minutes (and
completely within two hours). President André Merlin of the French transmission system
operator RTE and others argue that “Europe’s power network had worked smoothly.”7 The
international transmission system operator organization UCTE (currently ENTSO-E) con-
firms that “a Europe-wide blackout could be avoided. The decentralized responsibilities
of TSOs have demonstrated their efficiency.”8 A secure electrical Europe exists, success-
fully built and operated by the power sector, not the EU: the UCTE system connects
some 450 million people “from Portugal to Poland and from Belgium to Romania” at an
“electrical heartbeat” of 50 Hz.9

Introduction

For a brief moment in November 2006, Europe’s electric power network became
highly visible to the broader public by virtue of its disturbance. The event
exposed a magnificent technological collaboration that spans and transcends the
subcontinent. Since their inception in the 1880s, electricity networks had pro-
liferated, and by 1970 Europe had been linked up electrically from Lisbon to
Moscow and from Trondheim to Naples. This vast technological system, normally
performing silently in the background, came to bind Europe’s households, indus-
tries, and nations in electrical interdependency. Proponents were delighted: this
transnational system allowed electric utilities to supply cheaper and more reli-
able electricity to consumers – for, contrary to Romano Prodi’s complaint cited
above, electric utilities have helped each other for about a century, providing
mutual security and system stability across national borders. Yet the events of
4/11 also suggested that transnational electric power collaboration came with new
transnational vulnerabilities, in which an incident in northern Germany canmake
the lights go out in Portugal and Tunisia.10 Such events are all the more serious
since during the twentieth century, households, industries, administrations, and
other institutions developed an addiction to cheap and steady electricity supply.11

Either way, for good or ill, electric power networks tie together economies and soci-
eties in a much more mundane way than EU politicians and institutions. Electrical
interdependency constitutes a major site for Europe’s “hidden” integration, occur-
ring largely outside the spotlight of popular media, history books, and the formal
European integration process represented by the EU and its direct forerunners – at
least until very recently.12

The 4/11 failure teaches us yet another important lesson. In particular, its subse-
quent discursive career in EU policy-making shows that notions of “vulnerability”
and “European” were, and are, interpreted and contested among stakeholders.
Analysts should not take these terms for granted in any essentialist or prede-
fined way: the very same events could mean proof of fragility and non-Europe
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to some, but reliability and successful European cooperation to others. Taking
one of these interpretations as our a priori definition would imply taking sides
and lending voice to one particular stakeholder while silencing others. Instead,
our narrative and analysis must capture how electrical Europe and its associated
interdependencies, reliabilities, and vulnerabilities were negotiated, shaped, and
interpreted as part and parcel of one and the same historical process.13

This, then, is the aim of this chapter. We set out to inquire how, by whom, and
why Europe’s electrical interdependencies were built; how they were interpreted
in terms of reliability and vulnerability, and how different forms of vulnerability
were anticipated and reconciled in the process; and what was “European” about
all of this, in terms of electrical integration and fragmentation, inclusions in and
exclusions from institutional collaborations, and discursive claims to the notion of
“Europe.”14 To achieve this we synthesize older, nation-centered electricity histori-
ography with recent work on electric internationalism into a transnational history
that appreciates and inquires about the complex, multilayered shaping of electrical
Europe.15 We have consulted the archives of relevant international organizations
as well as contemporary government and engineering publications to investigate
the role of perceived vulnerabilities herein. As we shall see, changing notions of
interdependency and vulnerability were heavily implicated in the electrical wiring
of Europe.

Inventing electric (inter)nationalism

Winter, 1921. An extraordinary drought in northern Italy reduces the production of
Italian hydroelectricity and threatens the industries of the country’s economic heartland,
the Po Valley. Local governments ration the available power to industry, while foreign
power companies come to the rescue. Coal power stations in Nancy and Vincey, France,
produce electricity for Zürich and Geneva, Switzerland. This move frees production capac-
ity of the Alpine hydropower plants at Brusio and Thusis, Switzerland, for emergency
power supply into neighboring Italy. These emergency measures are possible thanks to
recent interconnections of the power systems of the French, Swiss, and Italian utilities
involved, and successfully prevent the shutdown of Po Valley industry.

After the crisis, this event, too, continues its career in politics. In March 1922, Paolo
Bignami, engineer and member of the Italian chamber of deputies, reports to a League of
Nations committee that the way in which northern Italy’s problem was solved is “perhaps
a first step towards the solution of wider and more interesting problems.”16 Why should
the collaboration between utilities providing mutual backup stop at national frontiers?

So began international electric interdependency and vulnerability debates in the
League of Nations (established 1919, succeeded by the United Nations in 1946),
which would become an important setting for debating Europe’s electrical inte-
gration in the interwar years. The 1921 event illustrates that, by then, several
electrical cross-border collaborations had been established, but these constituted
only “a first step” and much work remained to be done. In addition, the incident
underscores the relevance of economic and electrical vulnerability perceptions as a
leitmotif for this endeavor. Yet this time, cross-border collaboration by the electric
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power sector counted as a reliability-improving measure countering the threat of
blackout, not as a source of vulnerability and blackout as in the EU view of 4/11.
Also note that Bignami spoke of international and national power networks; the
notion of a “European power grid” had not yet been born.

The birth of cross-border collaboration

Such talk of international and national electricity infrastructure itself was rather
recent. Prior to the First World War, the national–international distinction had
been much less an issue. High-voltage, alternating current transmission had
developed rapidly since the 1890s but was rarely interpreted in national, let
alone international, contexts. Early electric power systems instead served local or
(micro)regional purposes. Since national borders were not yet key obstacles, and
state governments not yet important players, such local or microregional systems
were established within, as well as across, political borders.
Early cross-border systems took many forms. For instance, between 1894 and

1898 a dam and hydropower plant were constructed on the Upper Rhine at
Rheinfelden, a binational town on the border between the Swiss canton of Aargau
and the grand duchy of Baden, Germany. The formal border was the so-called
Thalweg, the deepest continuous line along the Rhine watercourse. A bilateral
agreement entitled each side to half of the electricity generated. The power
system was co-funded by electrochemical firm Elektrochemische Werke, which
built a plant near the hydroelectric station and became a major consumer. The
system grew to supply nearby villages on both sides of the border, and from
1906 it extended to Guebwiller in Alsace, France, by means of a 40 kV line.
The Rheinfelden system was now microregional, connecting consumers in three
countries.17

Other models of early cross-border power systems include the Alpine
hydropower station of Brusio in the Swiss Canton of Ticino, erected in 1907 for
the purpose of commercial electricity export to northern Italian factories. The
Silesian city of Chorzow became implicated in cross-border electricity exchange
because of a border change: the city became Polish in 1922 but stayed electri-
cally connected to the system of Zarborze, then still a German town (it later
became Polish too). In still other cases, existing utilities connected across bor-
ders for mutual benefit. From 1915, collaborating municipal utilities in southern
Sweden exported surplus hydropower to the thermal power-based rural district
system of NESA, north of Copenhagen, Denmark, using a submarine power cable
under the Øresund strait. The cable had been paid for by the receiving power
company.18

In the continued absence of national power grids, microregional cross-border
initiatives ensued after the First World War. Czechoslovakian utilities with access
to large coal reserves near the German border engaged in cooperation with utilities
in the German states of Bavaria, Silesia, and Saxony. In Hungary the first stretch of
cross-border transmission line followed the electrification of the Budapest–Vienna
railroad completed in 1932. The Rheinisch-Westfälisches Elektrizitätswerk (RWE)
in Western Germany, still one of Europe’s largest power companies today, con-
nected its coal-fired system based in the Rhine-Ruhr area to the hydropowered
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system in the Austrian province of Voralberg by means of a 600 km transmission
line. This well-advertised engineering feat was completed in 1930 and promised
a bright future for long-distance power transmission.19 By then, despite the lack
of a single integrated network, individual utilities in Austria, Czechoslovakia,
Denmark, France, Germany, Finland, Hungary, Italy, Lithuania, Luxembourg, the
Netherlands, Norway, Poland, the Saar region (a League of Nations protectorate
between 1920 and 1935), Sweden, and Switzerland engaged in some form of
cross-border exchanges.20

These developments coincided with the propagation of electrical collaboration,
though not necessarily across political borders, as state-of-the-art electrotechnical
science. The argument had already been pushed in the 1910s – for instance,
by a prominent international authority, professor at the Berlin Institute of
Technology, and director of the large electrotechnical manufacturer Allgemeine
Elektrizitäts Gesellschaft, Georg Klingenberg.21 At that time, power stations were
usually located near consumers, mostly in cities, and operated in isolation
from other power plants. New electrotechnical science developments, however,
enabled the interconnection of different power plants by high-voltage, alter-
nating current power lines. The trick was to run such interconnected power
plants synchronously, meaning that all electromagnetic machines operated in
tune at one frequency. Once this was accomplished, existing power stations
could run in parallel and form one power pool, in which multiple power sta-
tions jointly supplied much larger areas. Moreover, distant power stations sited
near mine mouths or hydropower resources could be integrated into such pools.
Adversaries pointed out that such power pools came with huge investments
in high-voltage, alternating current power grids.22 International authorities like
Klingenberg, however, stressed their vast economic advantages. Electricity could
be produced wherever it was cheapest in the pool at any given moment, thus
exploiting the complementary characteristics of large (achieving economies of
scale) and small (avoiding overproduction when demand was low) power sta-
tions, and of hard coal, lignite, diesel, and hydropower plants. Importantly,
cooperation also reduced the necessary investment in local backup units for
emergencies or maintenance: instead of guaranteeing full backup capacity for
each and every power plant, this could be drawn instantly from the pool and
thus be shared among partners. Electrical collaboration in power pools was
therefore accompanied by a different way of providing backup and reliabil-
ity management. In the following decades, secure and undisturbed operation
thanks to mutual backup and system stabilization (the larger the pool, the more
power stations instantaneously counteract any disturbance of the shared fre-
quency) became a key motive for setting up ever larger synchronized power
pools.23

Nationalization and internationalization

Along with the notion of power pools, however, came new actors and new
categories for electrification. While existing electric utility owners – large and
small commercial companies, municipalities and other lower governments, rural
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cooperatives – jostled for position in the booming electricity sector, national
governments became an important new player. During the First World War, many
state governments not only introduced obligatory border passport requirements
that stayed in place after the war, but also increasingly committed to economic
nationalism. After November 1918, as hostilities still loomed and coal markets
remained distorted, governments often tried to interfere in electricity supply.
Where successful, they tightened their grip on prices, hydropower resource devel-
opment, electricity exports, electricity as a national service, and national power
grid planning.24 The nation-state, in short, became a potent additional category
for electrification.
Indeed, Klingenberg’s early call for synchronized power pools had already

appealed to state governments as carriers of this development. While the sug-
gestion was very controversial on Klingenberg’s home ground – Germany – such
schemes were actively discussed in the state governments of Saxony, Baden,
Bayern, Prussia, and Württemberg before the end of the First World War.25 By then
these discussions had been picked up elsewhere in Europe.26

To the West, the British government was alerted to the coal-saving advantages
of power pools during the war. By 1919, power pools were officially identified
as a potential source of national industrial strength in an Electricity Act that
pushed utilities towards voluntary national collaboration. By 1926, Britain’s loss
of national prestige and power was blamed explicitly on its continued backward-
ness in electrical technology compared with Germany and the United States.
In response, a new Electricity Act set up the Central Electricity Board to build a
synchronized national power grid (power stations remained private until after the
Second World War), by and large operational ten years later.27

To the East, Russian electricity generation and distribution were completely
nationalized and forged into the largest electric power collaboration to date. As in
Britain, the decision process was rife with fears of electrical backwardness and its
implications for the national economy. Vladimir Lenin famously argued that

Communism is Soviet power plus the electrification of the whole country. Otherwise
the country will remain a small peasant country . . .Only when the country has
been electrified, and industry, agriculture and transport have been placed on
the technical basis of modern large-scale industry, only then shall we be fully
victorious [original emphasis].28

Lenin then initiated and supervised the State Commission for Electrification of
Russia (GOELRO) in 1920, producing the Plan �lektrifikacii R.S.F.S.R,
an electrification plan for the entire Russian socialist republic including some
30 high-priority large power stations and extensive transmission networks. Less
centralized electrification schemes, privileging smaller urban and rural systems,
existed but were bypassed. This national electrification scheme, too, was largely
realized within a decade.29

In between East and West, governments interfered in various ways to varying
degrees of success. For instance, in the 1920s the Belgian, French, Luxembourg,
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Portuguese, and Swedish governments adopted national power grid schemes.30

In countries where direct national government interference was ultimately
rejected, such as Denmark or the Netherlands, they still influenced the pattern
of electrification.31 Overall, the strategic importance of energy and electrification
for the national economy was increasingly emphasized. In countries possess-
ing vast black, brown, or white coal energy resources, these were relabeled as
“national resources,” which demanded national government control. In France
and Switzerland, the debate was about nationalizing hydropower resources.32

Berlin pushed hard to hold on to Upper Silesia and its coal resources, with-
out which “Germany will fall apart completely.”33 Austria lost most of its coal
assets after the war, and its government embarked on a national electrification
scheme to utilize hydropower.34 Governments of energy-importing countries often
pushed national electrification schemes in order to optimize the use of resources
on a national level – electrification should benefit the national economy rather
than urban or microregional ones.35 Electric nationalism came with notions of
national economy, autarky, and what we today would call national energy secu-
rity. Thus, in our interpretation, state-initiated electrification often aimed to
counter perceived national economic vulnerabilities. As a result, the national ele-
ment in electrification progressed steadily and constituted an additional layer to
microregional and local electrification patterns.
This development of electric nationalism, however, was contested not only by

existing players such as private, municipal, or cooperative utilities, resisting state
interference with varying degrees of success; often national grids only emerged
after the Second World War. Electric nationalism was also countered by a new
electric internationalism.36 Much of this movement was initiated and carried by
industry. Electrotechnical manufacturers and financial institutions joined forces in
multinational holding companies in order to construct power systems worldwide.
Examples include Elektrobank (Allgemeine Elektrizitäts Gesellschaft combined
with German and Swiss banks) and Motor (Brown Boveri with Swiss finance).37

Moreover, the electrotechnical industry and electric utilities used international
organizations to create larger markets for equipment and to liberalize cross-border
electricity flows. The emerging debates at the League of Nations were an example
from the highest political stage of the attempt to shift the dominant concern for
national energy security towards the promises of mutual cooperation. In addition,
international cooperation was strengthened by setting up a series of new inter-
national organizations addressing the electricity domain. The standard-setting
International Electrotechnical Commission had already existed since 1906; in the
1920s followed the International Council on Large Electric Systems, established
in 1921 to provide a platform for the exchange of information about electric-
ity generation and high-voltage transmission in large systems; the World Power
Conference (currently World Energy Council), conceived in 1923 to restore a shat-
tered European electricity industry, although the agenda immediately expanded to
cover all forms of energy; and the International Union of Producers and Distribu-
tors of Electrical Power (currently Eurelectric), established in 1925 on the initiative
of Italian, French, and Belgian utilities.38
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The rise of the national as a category for electrification thus came with
new structures for international collaboration. Notably, while the new inter-
national organizations gladly used terms like “international” and “world” in
their names, their membership was overwhelmingly, and sometimes exclusively,
European. Still, “Europe” as such had not yet been claimed as a lead category for
electrification. So far when we have spoken of “Europe” we have implicitly pro-
jected a broad yet imprecise geographical notion of the term – thus made sure
to include Russia, unlike many present-day political identifications of “Europe”
with the EU. When “Europe” became an explicit actor category for electrification
around 1930, it did indeed have a pan-European scope (Figure 3.1).

Figure 3.1a Early cross-border microregional and national electricity systems. The microre-
gional system around Rheinfelden extending into three countries around 1926.
Source: Niesz 1926, p. 1026. Used by permission of the World Energy Council.
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Figure 3.1b The southern Swedish–eastern Danish power pool across the Øresund straits by
the mid-1920s.
Source: NESA 1927. Used by permission of DONG Energy.

Imagining electrical Pan-Europe

November 20, 1932. The Dortmunder Rundschau newspaper enthusiastically reports
from an exhibition by architect Hermann Sörgel.39 The exhibition displays a plan of
unprecedented imagination, ingenuity, and magnitude. For one, it displays technical
drawings and scale models of a dam closing the Mediterranean at the Straits of Gibraltar.
Since more Mediterranean water evaporates than rivers contribute, this would cause the
water level to decrease and create new space for human settlement. Next, hydroelectric
power plants situated at the Gibraltar dam and several secondary dams would produce
more electricity than all Europe’s existing power plants combined. This electricity would
be distributed all over the continent by means of a pan-European high-voltage grid.
Uniting Europe’s states in electrical interdependency, the scheme would provide unity,
prosperity, and peace for a war-prone continent: “the integration of Europe by power lines
is a better peace warranty than treaties on paper; because in destroying these power lines,
each nation would destroy itself.”40

The plan is originally presented as the “Panropa project” to express support for the
flourishing Pan-European movement. Its new 1932 name of “Atlantropa project” further
denotes that Europe and Africa will be forged into a new continent able to withstand
the rising powers of Asia and America. After the Nazi takeover the plan is adjusted
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Figure 3.1c A very large microregional system: the RWE system in 1928.
Source: Boll 1969, p. 45. Used by permission of BDEW Bundesverband der Energie – und Wasserwirtschaft
e.V.
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Figure 3.1d The British national grid.
Source: Legge, 1931, p. 123.

to Nazi ideology, posing Greater Germany and the Italian Empire as Atlantropa’s pil-
lars. In 1949 the Atlantropa Institute advertising the project has about 700 members
and eight branches in different German cities. In 1952, Sörgel dies, nuclear power takes
over hydropower’s role in [the] political and public imagination, and Atlantropa fades
to the background. The Atlantropa Institute is closed in 1960. Decades later, Sörgel’s
Gibraltar Dam re-emerges in public discourse as an example of technocratic megalomania
and ecological nightmare. By contrast, his transmission grid design implicitly echoes in
present-day sustainable energy visions of a “supergrid,” a single high-capacity power grid
integrating off-shore wind parks in the North Sea, Baltic Sea, and Mediteranean; Nordic
and Alpine hydropower plants; and Sahara and Arabian desert solar power plants, thus
joining Europe, the Middle East and north Africa in energy and environmental unity.41

Thus reads an abridged biography of the most imaginative of interwar visions of
electrical Europe. It was conceived around 1930 along with several other schemes
of what we today would call a “supergrid.”42 In 1930, George Viel, president of
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the southeastern section of the French Association of Electricians, proposed a
power pool including 3000 km of ultra-high-voltage power grids stretching from
Trondheim, Norway, in the north to Naples, Italy, in the south, and from Lisbon,
Portugal, in the west to Russia in the east. It would integrate Europe’s massive, yet
scattered, hydropower resources into one energy economy. At the World Power
Conference held in Berlin that same year, Oskar Oliven, director of the Gesellschaft
für elektrische Unternehmungen, presented a European electric power program
involving 9750 km of power lines. This power pool had a similar geographic
reach and was fed by large hydropower stations, mostly in Scandinavia and the
Alps, and thermal power plants near Europe’s major coal deposits. In 1930, Ernst
Schönholzer published another, fourth, vision of a “European power grid” in the
leading Swiss engineering journal. His scheme involved no less than 15,000 km of
power lines from Dublin and Lisbon to Istanbul and Moscow.43

Three aspects of this sudden boom in European electrification schemes are
important to our analysis. First, “Europe” became vigorously promoted as a
category for electrification. While Viel presented his design as an add-on to
a French national power grid, the others foregrounded “Europe” as the pre-
ferred unit for electrification. Their designs differed in detail but all clearly
interpreted Europe on a macroregional scale, embracing or even transcending
the Continent.44 Schönholzer, like Sörgel, prioritized the promise for Europe’s
future that electrification held and did not eschew technological challenge. His
design, accordingly, included power lines reaching Moscow in the East and
Dublin, Glasgow, and Manchester in the West; the latter came with a dam across
the English Channel.45 Sörgel’s scheme, as we saw, did not even accept the
Mediterranean as Europe’s southern border: the sea should be connector rather
than border, as it had been in ancient times, and his power grid extended well
into northern Africa and the Middle East – in a clearly colonialist mindset. Oliven
and Viel, by contrast, were more concerned with the technical and financial
feasibility of their schemes. They discussed state-of-the-art electrotechnical sci-
ence and construction possibilities, and provided cost estimates. This led Oliven,
deterred by the technical challenges of crossing the English Channel and the
vast distances of Russia, to exclude Britain, nearly all of Russia, and the Baltic
states. Still, his design had quite a pan-European scope, stretching from Lisbon
and Calais in the West to the Donets River basin (a River Don tributary) across
the Ukrainian-Russian border in the East. After all, he added, if freight trans-
port, telecommunications, and radio networks crossed the Continent, why not
electric power systems? Certainly electricity grids were much less difficult to estab-
lish than railroad lines, which by then traversed the Continent from Lisbon to
Vladivostok.46

Second, in our reading, pan-European electric integration was articulated as
a response to several perceived political and economic vulnerabilities. In this
respect they resembled nation-based electrification schemes aimed at counter-
ing national economic and political problems. Yet they differed in spotlighting
nationalism itself as the main problem. The authors here drew on increasingly
popular ideas of European political unification and the European movement,
which experienced an apogee in this period.47 Oliven connected to this tendency
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superficially by framing electric power as a challenge “for all peoples of Europe”
and emphasized how “the idea of peaceful cooperation between all people . . . is
steadily gaining currency.”48 Sörgel and Schönholzer explicitly announced support
for the pan-European movement and imported some of the fears of this move-
ment into the electricity domain. Pan-European movement spokespersons sought
to unite Europe politically as a counter move to, on the one hand, the intrin-
sic capacity of Europe’s states to prioritize national self-interest at the expense
of economic fragmentation, military expenses, and the permanent threat of war
and self-destruction; and, on the other hand, the rising powers of the United
States, the Soviet Union, and Asia.49 Schönholzer and Sörgel explicitly repro-
duced these concerns: In Schönholzer’s words, “what if we, usually so ‘clever’
Europeans, . . . set aside our ‘political tensions’ once and for all, and created inter-
national power highways as a symbol of a basic cultural community, which will
not bring military expenses and war to individual states but profits for the econ-
omy? [original emphasis]”50 For Sörgel, electrical interdependency was a better
peace guarantee than paper treaties: “Europe is a large cage with singular cells
[the individual countries]. Those who dare open their cage for the sake of a
beautiful idea [Europe’s political unification] become prey of the others. Only a
common, simultaneous interlinking in a high-voltage network creates a European
Union.”51 This unification was all the more urgent since Europe was increas-
ingly squeezed between the rising powers of Asia and the Americas, and Sörgel
envisaged a world of three great powers: the three As – Asia, America, and
Atlantropa.
Third, it is important to note that none of these schemes was realized. Though

for the most part technologically and financially possible, they did not gain suffi-
cient support. Only for a brief period of time did ideas of a pan-European power
pool gain strong momentum. Political support came particularly from the League
of Nations and the International Labour Office.52 The League added European elec-
tricity system planning to the agenda of its Commission of Enquiry for European
Union at the suggestion of Belgian representatives.53 The International Labour
Office promoted a European electricity grid to diminish international political
tensions and provide employment during the Great Depression. However, their
envisioned model of top-down construction of a European power grid, backed
by political will and international financing, became a road not taken. In a
context of economic depression and increasing national strategic interests, inter-
national financing plans for a European power grid were torpedoed. Domestic
pressures, not least coal-mining interests, caused even the Belgian initiators to
shift sides.54 Many engineers now favored a gradual and decentralized approach
to European interconnection, based on national electrification schemes that could
subsequently be connected. The Europeanists became isolated, and the push
to build a supranational electricity system ended. System-building activity was
left to power companies and national governments. The concept of a European
power grid countering economic and political vulnerabilities, however, was there
to stay. It was now seen as a patchwork of gradually emerging and collabo-
rating national networks, rather than a supranational system to be built from
scratch.
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At the end of this period, another unrealized pan-European electrification
scheme added yet another aspect to the theme of electricity and vulnerability. The
role of electricity supply in war had been acknowledged since the First World War.
English and German governments found power pools attractive instruments to
economically power their war industries in times of fuel shortages; the French gov-
ernment pushed transmission lines to cater to the Maginot Line, the fortifications
on the Franco-German border; and the entire Dutch-Belgian border was sealed by
a 1.80 m high, 2,000 Volt electric fence to electrocute war refugees, deserters, vol-
unteers to the Allied forces, spies, and smugglers.55 In response, electricity supply
system elements themselves became important military targets.56 Worse, in the age
of aviation, bomber planes could follow power lines to key centers of consump-
tion, including strategic war industries. When designing a European power grid to
integrate an envisioned Neuropa from the Atlantic to the Ural Mountains, Nazi
engineers therefore opted for an underground system. Fritz Todt, general inspec-
tor for water and energy and a civil engineer, argued that underground cables were
safe from atmospheric disturbances, air attacks, and sabotage. Besides, they did not
disfigure the landscape and did not interfere with electric communications.57 This
underground system was not realized either, as its implementation was delayed
and started only a few months before the final defeat of the Nazi regime. The
military vulnerability of overhead power systems, however, was widely recog-
nized after the war, especially when interrogated Nazi military leaders stated their
surprise that Allied bombers had neglected this major vulnerability of their war
economy (Figure 3.2).58

Wiring and securing mesoregional Europe

Bretagne, western France, January 12, 1987. Very cold weather and massive use of elec-
trical heaters by consumers trigger the failure of three out of four active units of the
Cordemais thermal power station. Nine thermal and nuclear units in neighboring power
stations fail in turn. Lights go out in Paris and Le Havre, and the disturbance threatens
the integrity of the French system as well as the synchronized power pool of the Union
for the Coordination of Production and Transport of Electricity (UCPTE), which by now
covers most of Western Europe.59 Network operators of Électricité de France massively dis-
connect consumers in order to rebalance production and demand. In addition they draw
power from Spanish, German, and Belgian partners. Belgian operators, in turn, import
power from German and Dutch plants. Belgian network operators prevent further elec-
tricity export as their own system threatens to break down; Swiss operators start two
hydropower units to counter a domestic frequency dip; and Italian dispatchers start addi-
tional power units to stabilize their frequency. Yet consumers in these countries, and in
eastern France, do not notice the stress on their power grids at all; the failure is suc-
cessfully contained and repaired. The incident inspires a sharpening of French security
measures but is widely cited as an example of effective international collaboration to
contain and counter power system disruptions.60

The events of January 12, 1987, exposed a large-scale increase in power pools
in the postwar era. Power supply in western France was now embedded in the
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Figure 3.2a Early proposals for a European “supergrid.” Sörgel’s Atlantropa Plan.
Source: Sörgel 1938, p. 91.

transnational synchronized power pool of the UCPTE, which we characterize as
a mesoregional collaboration (as opposed to subnational microregional power
pools and imaginary interwar macroregional, pan-European pools).61 By 1987 it
included power companies from many countries in Western and Continental
Europe, but excluded Scandinavia, Britain, and so-called Eastern Europe. These
areas possessed synchronous transnational power pools of their own. Cooperation
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Figure 3.2b The European plan of George Viel.
Source: Viel, 1930.

Figure 3.2c Oskar Oliven’s plan for a European system.
Source: Oliven 1930. Used by permission of the World Energy Council.
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Figure 3.2d A European grid plan by Schönholzer.
Source: Schönholzer 1930. Used by permission of the Schweizerische Technische Zeitschrift.

Figure 3.2e The Nazi proposal for a European network.
Source: Maier 2006, p. 131. Used by permission of Helmut Maier.

between such mesoregional power pools existed but took an asynchronous, and
therefore less immediate and tightly coupled, form.
The 1987 events also reveal an important change in vulnerability perceptions

and priorities. Synchronous power pools originally served to reduce socioeco-
nomic, political, and military vulnerabilities. Once in place, European economies
and societies increasingly depended on their undisturbed functioning, and secur-
ing a power supply itself became a major concern. The 1987 events confirmed
to many observers that transnational power pools did this job well. By the late
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1980s, some organizational sociologists even called electric power pools “high
reliability organizations”: in an age of increasingly complex technological sys-
tems, they provided a remarkably high degree of service reliability.62 The 1987
events also demonstrate a particular form of coping with potential failures: emer-
gency response in Western Europe was decentralized in the hands of individual
power companies, not their international organizations or government institu-
tions. We now turn to the historical processes shaping this particular material,
institutional and discursive makeup of postwar electrical Europe.

Two models for mesoregional collaboration

Postwar mesoregional collaborations came in two different models of electrical
interdependency, each with its own implications for vulnerability. A first and
very influential model developed in the continental part of Western Europe.
After several years of debating and preparations, power company representatives
from Belgium, the Federal Republic of Germany, France, Italy, Luxembourg, the
Netherlands, Austria, and Switzerland founded the non-governmental UCPTE in
1951. Its chief aim was to coordinate a transnational power pool. Seven years later,
synchronized operation in the UCPTE supply area was operational.63

Two observations on this collaboration are particularly important to us here.
First, UCPTE spokespersons regularly claimed to work for “Europe.” In 1955,
Heinrich Freiberger of the Vereinigung Deutscher Elektrizitätswerke hoped that
the UCPTE “shall be allowed to continue to work silently and effectively for Europe
and therefore for the greater good of humanity and of peace.”64 On the occasion
of its 20th anniversary, Italian UCPTE president P. Facconi emphasized the orga-
nization’s “historic importance for its remarkable contribution to the ideal of a
‘United Europe’.”65 Most of the time, however, European integration ideals were
absent. The 1954 statutes do not speak of “Europe” at all but foreground inter-
nal power sector advantages. Importantly, these had an economic and a reliability
component. As for economics, a transnational power pool enabled an economic
mix of power stations, and should in particular help to eliminate losses of excess
hydropower in postwar Europe. In a synchronous power pool, all available water
could be led through the turbines and fed into the power pool, instantaneously
enabling a fuel cost reduction in thermal power stations elsewhere in the sys-
tem. Hydropower wastes had largely been eliminated in the UCPTE system by
1970.66 As for reliability, the key motive was that in a synchronous collaboration,
any power-station failure would be counteracted in a matter of seconds by other
generators in the pool. In this way, “all production units in the synchronous sys-
tem jointly counterbalance the disturbance of one power station, regardless if this
power station is located in Lisbon, Palermo or Hamburg, Le Havre or Vienna.”67

Second, and contrary to the next model of transnational collaboration we dis-
cuss below, these concerns for economic and reliability advantages translated
into a decentralized model of transnational organization. This choice had been
in the making for several years. After a devastating Second World War, Western
European policy-makers and utility representatives looked to the United States
for examples. US Marshall Plan (1947–1951) negotiators pushed supranationally
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owned and financed European power plants in a centrally planned and controlled
power pool.68 Such a system would boost the Western European economy and
thereby provide a barrier to the spread of communism. Accordingly, the Marshall
Plan’s International Power Program should finance “projects [ . . . ] selected without
regard to national frontiers.”69 As in the 1930s, however, electric utility representa-
tives preferred a looser collaboration. Visiting the United States on a Marshall Plan
Technical Assistance Mission, they were impressed by the centralized, state-of-the-
art Pennsylvania–New Jersey Interconnection, which used a single control center
to manage electricity production and load management of the entire collabora-
tion in an effort to optimize the overall system economy. However, they found
this system unfit for Europe. The South Atlantic & Central Areas Group example
would serve better: this huge interconnected system connecting the Great Lakes
to the Gulf of Mexico and was organized in a decentralized way as a voluntary
association of over 80 partner companies. Each partner managed power supply in
its own supply area.
Just as the operators of the South Atlantic & Central Areas Group found that by

far the larger part of the economic advantages of interconnected operation could
be gained within the relatively small systems of single companies, so it has been
found in Europe that the major advantages are to be gained within national fron-
tiers.70 Back in Europe, these power company representatives accordingly managed
to divert funds from the International Power Program to distinctly national
projects. Additional cross-border power exchanges were to be left to free negotia-
tions between partners, and the UCPTE was established to coordinate this effort.71

In this scheme the UCPTE was intentionally set up as a non-governmental,
coordinating body of power company and power authority representatives who
participated on the basis of personal membership and voluntary adherence to
UCPTE recommendations.72 Power companies in the UCPTE pool remained fully
in charge of their control centers, network-building, and supply in their own sup-
ply areas. They also decided on, financed, built, owned, and operated cross-border
connections. The UCPTE merely provided coordination and facilitation.73 Impor-
tantly, UCPTE spokespersons stressed that “decentralization is indispensable for
economy, security, and continuity of supply on the regional level,” for individual
power companies knew the particulars of their situation best. Thus “a European
centralized control centre . . .does not exist and could not function properly,
because it would not be able to see the needs of the separate regional networks.”74

The events of January 12, 1987 illustrate UCPTE procedures in which power-grid
disturbances were not countered centrally by the UCPTE but by individual power
company operators restoring supply in their respective supply areas.
This decentralized organizational form was reflected in power-grid construc-

tion and electricity flows. In some areas, utilities were internationally minded
and developed power grids and exchanges accordingly, most notably in the case
of Austrian and Swiss power collaborations with neighboring power companies.
In other parts of the UCPTE zone, cross-border grids and exchanges remained
minor, and microregional or national power circulation was clearly dominant.
To the dismay of the European Commission, by 2000, countries such as Germany
and France had a poor “interconnection capacity” (the import capacity relative to
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domestic generating capacity) of less than 10 per cent. Italy, Greece, Spain, and
Portugal, which had joined the UCPTE later, did not even reach 5 per cent.75

A second model of mesoregional collaboration developed in the Soviet Union
in the late 1950s, when the Russian United Power System embraced other Soviet
republics into one huge transnational synchronized system. Incidental links had
preceded this initiative, such as a 1955 link to Estonia. Yet in 1959, Nikita
Khrushchev unrolled a formidable electrification scheme in his Seven Year Plan,
which was accepted by the 21st Party Congress. The plan envisaged a set of
mutually interconnected power pools including a Center Pool (around Moscow)
interconnected to a Middle Volga pool and a Ural pool, a Southern Pool (Ukraine
and Moldova), and a Northwestern Pool (the Baltic region and Belorussia).76 Not
unlike the Russian GOELRO plan of the 1920s, the rationale was to boost industrial
growth by pooling power resources scattered throughout the Soviet Union, thus
allowing efficient deployment of available power stations, avoiding load peaks by
combining consumers in six different time zones, and sharing backup capacity
“to maintain the reliability of a power supply.”77 In 1965, experts calculated that a
power pool in the European part of the Soviet Union could save more than 1,000
MW of installed capacity and another 600 MW by reducing peak loads. By the late
1980s the United Power Systems consisted of no fewer than nine interconnected
power pools, extended into Central Europe, Siberia, and the Trans-Caucasus, and
covered some 10 million sq. km – equalling the size of conventional geographical
Europe from the Atlantic to the Urals (Figure 3.3).78

Figure 3.3 The United Power Systems by the early 1980s pierces the Urals as a potential
border of Electrical Europe.
Source: Sagers and Green, 1982, p. 292. Reproduced by permission of The Geographical Review and the
American Geographical Society.
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This impressive collaboration differed in several ways from the UCTPE collab-
oration discussed above, with due implications for vulnerability issues. In line
with prevailing paradigms of centrally planned economies, the Soviet Union’s
transnational system was centrally planned, managed, and controlled. Since the
inauguration of the Moscow Central Dispatch Center in 1926, additional control
centers had been established for the Southern pool (Ukraine/Moldova) in 1940,
for the Urals in 1942, for Siberia in 1959, and for the Middle Volga in 1960. Yet to
manage the new mesoregional collaboration, in 1967 a renewed Central Dispatch
Center was set up in Moscow to serve the entire Soviet Union. This monitored the
other integrated systems, controlled the trunk lines interconnecting them, and
administered power exchanges between collaborating pools.79

This leads us to a second and related difference. While both collaborations
aimed at industrial and economic growth, the UCPTE partners focused on
exchanges and projects within national borders and set up the UCPTE itself
as sort of add-on. The Soviet scheme, by contrast, was designed to transport
huge amounts of energy across the borders of participating republics. This was
particularly urgent as 90 per cent of the Soviet Union’s energy resources lay
outside the urbanized areas in the “center zone.” Thus the Center Pool around
Moscow massively imported power from the Northwestern, Southern, and Volga
systems.80 Notably, transporting large capacities across vast distances required
a “backbone supergrid system” for high-capacity exchanges, which in Western
Europe had been envisaged in the 1930s but never got off the ground.81 This, in
turn, demanded massive investment in ultra-high-voltage transmission technol-
ogy. By the end of the Cold War the Soviet system operated interconnections up
to 750 kV, transported capacities between participating power pools up to 5 GW,
and was preparing for 1,150 kV transmission. By comparison, UCPTE partners used
transmission voltages of up to 380 kV.82

Finally, we observe that the UCPTE claimed to work for “Europe” even though,
as critics would have it, it included only a string of states on the western side of the
peninsula.83 By contrast, the Soviet system covered much larger parts of geograph-
ical Europe and beyond, but eschewed any reference to the term “Europe.” This
absence partly reflects the fact that Europe’s Ural border was erased by electric
power networks. In addition, it follows a broader discursive change. During the
revolutionary period, Trotskyist authors had interpreted “Europe” as an economic
term and included Russia in an economically modernizing Europe, discursively
opposed to “Asian” tsarist autocracy and traditions. From the Second World War,
however, “Europe” was increasingly perceived as an area divided between a “true”
socialist half and a “false,” US-dominated capitalist half.84 In Khrushchev’s famous
words in the journal Foreign Affairs, the main category for economic development
now became the “community of socialist countries,” increasing their economic
power and consolidating world peace, since “the material might and moral influ-
ence of the peace-loving states will be so great that any bellicose militarist will
have to think ten times before risking going to war.”85 Accordingly, transnational
electrification schemes rhetorically bypassed the notion of “Europe” and fore-
grounded first the Union of Soviet Republics and then the Socialist Brotherhood,
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regardless of its geographical position, as its primary object. This discursive shift,
by the way, did not prevent pragmatic explorations of electricity collaboration and
interconnection to Western European partners by the mid-1960s, motivated not
least by prospects of massive energy exports to Central and Western Europe.86

Electrical alliances on the move

These two models of mesoregional electrical collaboration inspired similar initia-
tives elsewhere on the subcontinent. Their nearly simultaneous establishment in
the first half of the 1960s suggests a mutual influence. By 1970 these externally
connected, internally synchronized transnational power pools linked up power
stations and consumers from Lisbon to Moscow. This particular configuration of
electrical Europe is illustrated in Figure 3.4.
The UCPTE model was more or less copied in Northern and Southern Europe,

although forms of collaboration between mesoregional groupings might differ.
In Southern Europe, Iberian UCPTE membership was complicated: the Spanish
and Portuguese dictatorships were international personas non grata and sought
political and economic isolation.87 Spanish, Portuguese, and French power com-
panies therefore set up their own Franco-Iberian Union for Coordination and
Transport of Electricity (UFIPTE) in 1963. Its motives – hydropower pooling
and mutual system stabilization – and statutes were similar to those of UCPTE.
Through France, UFIPTE operated synchronously with the UCPTE pool from 1964:

Figure 3.4a Electrical Europe by 1976 is represented by mutually connected mesoregional
power pools. Numbers represent power lines.
Source: UCPTE 1976, p. 199. Reproduced by permission of ENTSO-E.
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Figure 3.4b Electrical Europe in the early 1990s. The symbol ↔ represent asynchronous
connection. Dotted lines represent planned projects.
Source: Based on Hammons et al. 1998.

institutional fragmentation masked physical integration, until the Iberian part-
ners became full UCPTE members in 1987.88 Likewise, Austrian and Italian power
companies, desiring a politically sensitive collaboration with hydropower-rich
Yugoslavia, founded SUDEL in 1964, which again resembled the UCPTE. SUDEL
and the UCPTE cooperated synchronically from 1975 to achieve greater reliabil-
ity, particularly for the Yugoslavian (and the soon-to-participate Greek) system.
SUDEL members also became full UCPTE members in 1987.89 All parties agreed
that expansion of the synchronous zone improved the stability and reliability
of the joint system. Scandinavian power companies also mimicked the UCPTE
model but adopted asynchronous collaboration with other groupings that still
holds today. In postwar Northern Europe, a Nordic political and economic integra-
tion process initially was considered to be a valid alternative to Western European
integration, which resulted in a Nordic Council (1952), a Nordic Passport Union
(1954), and – at the suggestion of the Nordic Council – the Nordic power collab-
oration NORDEL (1963), coordinating a Nordic power pool. NORDEL, too, was
set up along the decentralized and voluntary model of the UCPTE.90 The two
groupings collaborated on asynchronical high-voltage direct current submarine
cables, which do not transmit frequency, do not require tuning of both systems,
and accordingly lack the advantages of immediate mutual system stabilization
and support. Plans for synchronous collaboration were discussed in the 1960s
but rejected as expensive and risky; the necessary modifications to the existing
system would not outweigh the gains.91 The exception that proves the point was
the NORDEL partner in continental western Denmark, which for similar economic
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reasons chose to maintain its traditional synchronous collaboration with north-
ern German UCPTE partners. It collaborated by asynchronous direct current links
with its NORDEL partners, including eastern Denmark.92

The vulnerability implications of direct current connection were foregrounded
in the British choice. In the late 1950s a study committee recommended a syn-
chronous alternating current connection to the UCPTE pool to benefit system
stabilization, among other reasons. Yet the committee noted that asynchronous,
direct-current connections had other reliability advantages, such as providing a
barrier to cascading frequency disturbances that can only travel in systems with
frequency synchronization. Intensive Swedish lobbying on behalf of Swedish
direct-current cable manufacturer ASEA ultimately won over the French and
British parties for a direct-current connection. The British national grid was
connected to France by direct current in 1961 and remains so today.93

Finally, a major division in postwar electrical Europe followed the so-called Iron
Curtain or, in this case, the “Electric Curtain” between East and West.94 Cen-
tral Eastern European utilities were inspired by the system in the Soviet Union.
In the context of the Council for Mutual Economic Assistance (COMECON, 1949),
members discussed the pooling of fuels and an international power grid by 1954.
In 1956, COMECON discussed the construction of interconnections between the
German Democratic Republic (GDR) and Poland, with a possible extension to
Czechoslovakia. An internationally interconnected electricity system was seen
as the next move.95 Rules of cooperation were established in December 1957.96

In a first phase the GDR, Poland, Hungary, and Czechoslovakia were connected
through 220 kV lines between 1957 and 1960. Western Ukraine followed in 1962,
with Romania and Bulgaria in 1963–4. Their Interconnected Power Systems, also
known as the Mir or Peace Grid, now involved seven socialist states. In terms of
governance the new power pool partly followed the Soviet model: bilateral nego-
tiations between national power authorities continued to dominate in practice as
in the West, but a common, centralized control center established in Prague in
1962–3, the Central Dispatch Organization, was allowed to implement electricity
exchange schemes between member states on a day-to-day basis.97

Externally the Central Eastern European pool was synchronized with the Soviet
system in 1962.98 In the 1960s, both pools formed a bipolar system with key
control centers in Prague and Moscow. In the 1970s, however, the collaboration
increasingly functioned as a single centralized power pool, as the Moscow control
center took charge of frequency regulation as well as the exchange programs of
individual countries.99 Conversely, collaboration across the Electric Curtain was
difficult and marginal – certainly when compared with the successful establish-
ment of East–West trade in natural gas (Chapter 2, this volume). In electricity
supply, however, energy trade was not the sole driver of transnational collabo-
ration, as we saw above. System stabilization was an equally important, if not
more important, concern, and in this respect the UCPTE was hesitant to pursue
synchronous collaboration with Central and Eastern European systems that did
not comply with UCPTE security norms.100 This is not to say that visions of
large-scale power trade were absent; yet they were less dominant than in the
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case of natural gas pipelines, and more easily thwarted. Thus a promising 1963
plan to export Polish coal-based power via Czechoslovakia to Bavaria in West
Germany was successfully blocked by NATO.101 Only a few asynchronous con-
nections between East and West materialized, including the link via Yugoslavia
(supported by NATO to lure Yugoslavia further away from the socialist block),
a link between Czechoslovakia and neutral Austria, and Finnish-Russian and
Bulgarian-Greek links.102

The end of the Cold War did not eliminate the Electric Curtain but pushed it
eastward. Polish, Czech, Slovak, and Hungarian power companies now set up yet
another organization, CENTREL (established in 1992; terminated 2006), halted
synchronous collaboration with the former Soviet system and began synchro-
nized cooperation with the UCPTE in 1995.103 Their motives included envisioned
lucrative power exports to the West, besides the traditional arguments of pool-
ing reserve capacity, emergency support, and frequency stabilization. Full UCPTE
membership was obtained in 1999. Traditional partners, such as the western
Ukrainian, Romanian, and Bulgarian power authorities, followed in 2002 and
2004.104 In the northeast, Estonian, Latvian, and Lithuanian power companies
developed similar plans, but economic interests in power exports to Russia pre-
vented that move for the time being.105 Europe’s Electric Curtain now roughly
followed the border of the late Soviet Union.
The UCPTE power pool, meanwhile, had grown considerably. After absorb-

ing Southern, Central, and Eastern European members, it began synchronous
collaboration with Moroccan, Algerian, and Tunisian power companies via the
1997 Spain–Morocco submarine cable. Again, reliability considerations weighed
heavily: the cable was designed for an anticipated change to more economical
direct-current operation, but this change was not implemented because syn-
chronous connection greatly improved the stability of the Moroccan system.106

The huge synchronized area became known as the Trans European Synchronously
Interconnected System.
Thus “Electrical Europe” emerged as it (by and large) still looks today. Vulner-

ability considerations informed choices for either synchronous or asynchronous
collaborations between distinct power pools. Synchronized power pools provide
instantaneous backup and stabilization to participants; asynchronous links did
not have these advantages but are able to halt cascading blackouts of the sort that
threatened the synchronous UCPTE system on January 12, 1987. The “European
blackout” of November 4, 2006 clearly exposed the present geography of electri-
cal interdependency: the frequency disturbance traveled from northern Germany
to the Iberian peninsula, Central Eastern and Southeastern Europe, and northern
Africa. By contrast, it could not cross the asynchronic barriers to Scandinavia,
Britain, the Commonwealth of Independent States, the Baltic Republics, and
Turkey.107 Notably, in 2010, Turkey joined the synchronous “European” power
pool, illustrating that the attractions of synchronous collaboration may still out-
weigh its risks, and that the dynamics of European electrical integration differ
from those of political integration – negotiations on Turkish entry into the EU
remain cumbersome.



Lagendijk and van der Vleuten 87

The making of high-reliability organizations

How, then, did transnational collaborations deal with this trade-off between the
pros of automatic system stabilization and emergency support, which increased
with the size of synchronous power pools, and the cons of potential cascad-
ing blackouts? How did they produce such high levels of reliability that caused
organizational sociologists to view electricity supply as high-reliability orga-
nizations? In the exemplary case of the UCPTE we have already seen that
system stabilization was a major argument for the establishment and subse-
quent expansion of the power pool. Yet from its beginning the organization
acknowledged that synchronized collaboration also introduced the possibility
of cross-border cascading failure, where frequency disturbances are transported
throughout the network. Indeed, it quickly decided to make system reliabil-
ity a cornerstone of its activity.108 The UCPTE developed a double strategy:
working for the expansion of synchronized collaboration was accompanied by
measures to prevent or contain this new form of failure. By 1965, when large-
scale rolling blackouts in the United States prompted a renewed sense of urgency,
the UCPTE had identified a number of potential hazards and associated coun-
termeasures that its members should implement.109 The overall strategy was that
its power pool should consist of interconnected, yet separately managed, net-
works, and that decentralized network managers were responsible for reliability
in their own supply areas. Decentralized organization and vulnerability man-
agement thus went hand in hand. Another crucial principle was that allowing
short time disruptions was “more acceptable than the effects of a comprehen-
sive network disturbance with an unavoidable interruption of supply for a long
time.”110

These principles inspired a set of precautionary measures. A number of design
principles were intended to reduce the chance of disturbance in all member
areas. If disturbances should occur nevertheless, it was important to prevent long-
lasting damage. Therefore all system elements should have protective equipment,
to automatically disconnect the element whenever system parameters fell below
predefined thresholds, shutting it down before it burned out. Once the system
parameters rose back above their thresholds, the element should be automatically
reconnected. In the blackouts of 1987, 2006 and so on, it was such automatic pro-
tection gear that caused the line and generator trippings, and soon after brought
the equipment back online.
To further contain and counter such failures, UCPTE members were to provide

for sufficient backup capacity throughout the interconnected system. In the 1960s,
members were to run extra generator units at all times, corresponding to some
3–5 per cent of the expected load or the largest power station in the pool.
In addition, they were supposed to invest in emergency generators that could
be started relatively quickly, and cross-border interconnections in particular were
to have ample spare capacity to be used in case of disruptions. Later the gen-
eral rule became that the entire system must always be operated with at least
what was called “single backup capacity” (so-called N-1 backup), denoting that
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if one system element fails, the other elements are able to absorb the additional
load.111

Should cascading failure happen despite these measures, cascading overloads
would be countered by automatically tripping generators, while cascading under-
loads were to be contained by selectively disconnecting consumers. For this
purpose, members were supposed to develop predetermined load-shedding pro-
grams – that is, emergency plans preparing the controlled disconnection of
electricity users (households, industry, and pump storage plants) if the frequency
dropped below a certain threshold. These should preferably be executed auto-
matically by means of frequency relays. The blackouts of 1987 and 2006 were
due not to malfunctioning equipment but to such deliberate and controlled load
shedding, which temporarily sacrificed selected consumer areas in order to secure
others. Next, to restore the system after failure, UCPTE members were respon-
sible for improving system parameters in their own supply areas. To facilitate
the coordination of such a decentralized response, telephone and telex connec-
tions were to be established between the control centers of neighboring members.
A final measure proposed in the mid-1960s was the introduction of monitoring
equipment to detect irregularities in the operation of power stations, load centers,
and international tie lines. These latter grew into data-processing programs, such
as Supervisory Control and Data Acquisition systems, and Energy Management
Systems (compare Chapter 8, this volume).
These measures required considerable investments in the 1950s and 1960s but

seemed to pay off: in the 1970s and 1980s the UCPTE system was considered to be
highly reliable. Simulations suggested that local failures did not lead to cascading
failure and did not compromise overall system security.112 Incidents such as the
1987 failure confirmed this picture. On the eve of neoliberalization, the UCPTE
concluded that although it could not provide absolute guarantees, its coordinated
purposeful action produced “a very high degree of reliability of power supplies,
without incurring costs which are out of all proportion.”113 As noted, the orga-
nization emphasized time and again that such reliability was best achieved in
the informal and decentralized governance model of the UCPTE, for, as observed
above, the partners knew the particularities of their own systems much better than
any centralized organization could ever hope to.
In the centrally planned, managed and controlled power pools of the Soviet

Union and COMECON, however, one may find similar discourses of high reliabil-
ity. According to Vladimir Semenov, long-time employee of the Moscow control
center and professor at the Moscow Power Institute, “centralized control disci-
plines and standard protection schemes, coupled with advances in technology,
have continually improved the security and reliability of this transmission sys-
tem.”114 Thanks to “this high standard of service,” major Soviet system blackouts
were few and far between, including a blackout in Moscow in December 1948 and
one in Kazakhstan in 1975.115

A number of measures resembled those in Western Europe. For instance, the
COMECON system was equipped with protective gear against short circuiting,
telephone circuits for communication between control centers, and measuring
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devices. In terms of operation, the system would function at 50 Hz with a max-
imum deviation of 0.5 Hz; if such deviations lasted longer than 30 minutes,
the load dispatcher was allowed to intervene directly in the planned electric-
ity exchange scheme or shed part of the load.116 And as in the West, the 1965
blackouts in the United States inspired renewed attention to the reliability of the
Eastern European systems.117

Different from the West, however, was the hierarchical nature of balancing
supply and demand, both in planning and in operation. In the Soviet system,
hierarchical planning meant adjusting generating capacity and power line capac-
ity on a 5- to 20-year basis. In addition, Soviet power authorities developed a
three-tier hierarchical system of operational and emergency control, in which
over 60 regional control centers were subordinated to the area control centers
of the regional power pools, which in turn answered to the central Moscow
dispatch center. Orders coming from higher levels were mandatory; lower dis-
patch control levels had the freedom to counter local problems only within
these operational guidelines. Since the operating staff at the highest level was
responsible for the security and economy of the overall system, preserving the
overall system had institutionalized priority over subsystems. High reliability
discourse in communist Europe thus applied to the integrity of the primary
grid, rather than continuous supply to individual power consumers. When prais-
ing Soviet reliability management in the late 1980s, Moscow Power Institute
engineers observed that the grid operated most reliably with average outages
of up to merely six “system minutes” per annum, without any system col-
lapses in the last decades. They did not provide any information on outages
for consumers, which became the primary indicator of reliability in Western
Europe.118

The technological and organizational means to achieve primary grid reliabil-
ity, accordingly, included the central control of power station output and power
flows in the grid. In addition, a comparative study found that “auto-regulation
of consumption” played a large role compared with decentralized systems of the
UCPTE or NORDEL.119 In other words, “disconnecting some of the least essen-
tial consumers” was a key strategy for balancing supply and demand.120 In large
parts of the centrally controlled grids of communist Europe, coping with peri-
odic power rationing was a daily routine for end users. In Bulgaria, communist-era
power supply is still remembered as the “disco era” since the lights flashed on and
off.121 In Byelorussia, blackouts were usually quite short and selective – for exam-
ple, alternating between large apartment blocks.122 In this scheme of securing the
primary grid first, the overall system could be kept up despite ensuing shortages.
Construction delays persisted especially during the 1980s, supply shortages were
common, particularly in winter, and operational reserve capacity of about 1 per
cent was way below the planned level (and below the level in the decentralized
UCPTE system).123

These different control regimes collided in 1991 when Central Eastern European
power authorities announced their wish to disconnect their synchronous links
with the Soviet system and connect to the UCPTE instead. The UCPTE demanded
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tighter frequency control and national defense plans, whereas load shedding had
previously been arranged by the Prague Central Dispatch organization.124 Inter-
estingly, these and other changes were consistently phrased as “power quality
improvements” rather than adaptation to a different system, reflecting the quality
perceptions of the UCPTE collaboration. After four years of preparation, the new
collaboration became operational.

The invention of vulnerability

September 28, 2003, 3:20 a.m. Sunday. A severe storm tips a tree over a power line
carrying Swiss electricity exports to Italy, igniting overloads in Swiss, French, and Italian
power systems. In marked contrast with the events over 80 years earlier at the Swiss-
Italian border, French and Swiss power authorities now cut their connections to Italy
to prevent blackout at home. Soon the entire Italian peninsula plunges into darkness.
In Rome, where a million people are participating in the celebration of the Notte Bianca
(“White Night”) festival, subways and elevators come to a halt, trapping passengers
inside. Traffic lights fail and cause massive traffic jams, while 110 trains carrying over
30,000 passengers come to a sudden standstill. Hundreds of people panic. Nationwide,
hospitals report a surge of accidents involving elderly people.125

After reparation of the failure, Italian, French, and Swiss power authorities blame
each other, but their conflict fades into the background when EU officials get involved.
Earlier European Commission energy security debates had focused on fuel imports and
bunkers. But a week after the “Italian blackout” the security of energy systems, in
particular electrical power, tops the agenda for the upcoming EU energy ministers meet-
ing.126 Two months later the European Commission proposes its first directive for the
security of electricity infrastructure. Further encouraged by the “European blackout”
of November 4, 2006, a new EU Agency for the Cooperation of Energy Regulators
is set up in Ljubljana, Slovenia. Furthermore, the power sector yields to EU pressure
and terminates international associations like the UCPTE (now UCTE) and NORDEL,
which had dominated the scene for over half a century, replacing them with an
EU-wide association – the European Network of Transmission Systems Operators for
Electricity.

Thus ended an era in European electric collaboration. The power sector’s discur-
sive hegemony on economy and high reliability was definitely challenged, as was
its associated decentralized model of transnational governance. Enter the EU per-
ception of “transnational vulnerability,” its claim that only EU-level organization
can make Europe’s power system sound and secure, and its persistent equation
of “Europe” with the EU polity and territory in matters of electric power as well.
By then, vulnerability challenges had already exploded in the Commonwealth of
Independent States due to rapid liberalization of the former Soviet system. What is
more, this system was increasingly externalized as “non-Europe” as EU discourses
on “Europe” became hegemonic. While the implications for Europe’s actual mate-
rial infrastructure remain to be seen, the stage seems set for reinventing electrical
Europe on the EU level.
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The dynamics of electric EU-ropeanization

We read the entrance of the EU and its direct forerunner organizations as a political
drama in three acts.
In the first decades of experimenting with new forms of supranational gov-

ernance in continental Western Europe, energy had been claimed as a major
arena for political integration. Indeed, two of the three European communi-
ties – the European Coal and Steel Community (1951) and the European Atomic
Energy Community (1957) – were related directly to primary fuels. Electric-
ity infrastructure had been considered for the third community, the European
Economic Community (1957), but was ultimately bypassed. This is remarkable
because, at the time, integration theorists and politicians from the six participat-
ing states – Belgium, the Federal Republic of Germany, France, Italy, Luxembourg,
and the Netherlands – saw transnational infrastructure as a producer of integration
spillovers and thus a major candidate for common policy.127

The reason for this bypass was suggested in the influential Spaak Report prepar-
ing the 1957 Treaties of Rome. According to the report, electricity and gas
infrastructure differed from other potential policy domains in their “technical and
economic specificities,” making them less well-suited candidates for a common
policy; they were well dealt with by specialized sector organizations.128 Thus when
coal issues led the three communities to jointly set up an Interexecutive Work-
ing Group on Energy in 1961, they foregrounded energy source problems – such
as security of supply in the case of oil and diminishing coal production – rather
than infrastructure issues. By the way, despite a number of attempts, a common
fuel policy did not take off either; it was repeatedly frustrated by member states’
concerns for domestic coal market protection. Of these failing proposals, a 1964
Protocol of Agreement on Energy Policy intended to introduce fairer competition
between energy sources, a wider diversification of oil supplies, and prices as low
and stable as possible. In 1967 the Working Group was replaced by a Directorate-
General for Energy, which developed Guidelines for a Common Energy Policy,
seeking secure primary fuel supply and low and stable prices. Here electricity was
mentioned briefly as a candidate for common regulations on open access and tar-
iffs. Neither was implemented as energy remained “an extremely sensitive area of
national sovereignty”; not even the oil crises of the 1970s inspired a Community
community energy policy.129 The result relevant to us here is that international
electricity infrastructure governance was organized outside the European Commu-
nities framework in the more voluntary and broader membership organizations
that we discussed in the previous sections. Interestingly, the same happened with
transport and communications infrastructure.130 In addition, in terms of perceived
vulnerabilities, electricity issues seemed negligible compared with concerns about
fossil-fuel energy security and miner employment.
The Second Act, in which electricity became a policy target, opens with the

emerging concept of an Internal Market in the early 1980s, formalized in a
European Commission White Paper by 1985 and the Single European Act by 1986.
By now the Communities also included Denmark, Ireland, Britain, Spain, and
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Portugal. Dissatisfied with de facto trade flows, the aim was to reinvigorate the
economic integration process by combating internal frontiers. The White Paper
listed some 300 legislative measures that could reduce physical, technical, and
tax barriers to trade. The Single European Act set a target date for a liberalized
common market by 1992 and defined steps accordingly. It included a target date
(1992, later postponed) for realizing a common energy market, meaning an inter-
nal and liberalized common electricity market. The Treaty on the European Union
(1992), finally, added EU involvement in the planning and financing of a “Trans-
European Network”; by 1994 the first priority interconnection lists were compiled,
including a number of transnational power lines.131

Importantly, EU electricity policy-making aimed at economic integration and
(neo)liberalization, not reliability management. EU spokespersons and documents
rarely questioned the reliability of electricity infrastructure and the power sec-
tor’s decentralized governance model; the perception that Europe’s electric power
infrastructure was vulnerable still had not taken root. The 1988 European Com-
mission policy document “The Internal Energy Market” praised Europe’s highly
interconnected electric power system and recognized that international exchanges
were managed well by sector organizations such as the UCPTE and NORDEL
without government interference.
Instead, EU electricity policy targeted perceived economic and political

vulnerabilities. The European Commission itself was concerned chiefly with social
and economic cohesion and with making Europe more competitive. Note that
in this context “Europe” was identified with EU internal market integration:
newspeak of “the costs of non-Europe” referred to internal fragmentation and
barriers to trade hampering European economic performance, which was deemed
problematic in an ever more competitive world and emerging economic reces-
sion.132 Thus the cost of non-Europe in the energy sector is affecting our economic
performance . . .The potential benefit of “more Europe” would be twofold: a reduc-
tion in costs as a result of greater competition and a reduction in certain unit
costs as a result of the effect of scale and the optimization of investment or
management.133 To counter “non-Europe” in electricity, the European Commis-
sion prioritized “economic and competitive aspects of electricity,” leading to
governance issues such as monopoly control, the common carrier principle in
which users would be able to purchase electricity from any power producer
instead of being tied to the producer in their specific supply area, and open
competition between power producers. The envisaged beneficiaries were large
electricity-intensive industries, which had been lobbying for these principles, but
also small users without substantial political representation. Electricity system reli-
ability was mentioned only as a sector-specific concern, not as a primary target;
security of supply still exclusively denoted the availability of primary fuel. Even
in the next step, the formulation of the Trans-European Network program for
electricity infrastructure, reliability and its governance were not problematized.
In addition, the new push for liberalization and Europeanization did not much

affect the power sector’s perception of high reliability. Initially, the UCPTE (soon
renamed UCTE, dropping the “P” for production following the separation of
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production and transmission activities) was alarmed by the new developments:
competitive pressures might jeopardize system security and increase the possibili-
ties of blackout, for the common carrier principle might complicate international
coordination.134 Unable to withstand or block EU policy, the organization engaged
in a debate with the European Commission to accommodate its concerns about
EU policy. The result was positive: “the UCTE believes that the new deregulated
market environment is compatible with an adequate level of system reliability.”135

New technologies geared to the new situation were explored, improved, and intro-
duced.136 For instance, by 2000, Wide Area Monitoring Systems (WAMS), as a
supplement to earlier monitoring technology, offered real-time information about
grid conditions in over 30 key nodes in the UCTE network. Such augmented
monitoring was accompanied by innovative WAMS. In addition, UCTE security
rules were tightened, in particular through a security package in 2002. Existing
rules were sharpened and systematized in the eight policies of the UCTE Oper-
ational Handbook.137 As a result, on the eve of the major blackouts of 2003 and
2006, many stakeholders, analysts, and politicians still considered continental
Europe’s electric power system to be extremely secure. The UCTE system ade-
quacy forecast for 2003–5 and other documents noted that although cross-border
power flows were increasing and the system was operated near its limits in some
locations, so “the security of the UCTE system as a whole seems to be not at
risk.”138

In the Third Act, the “Italian Blackout” of 2003 inspired EU policy-makers to
challenge the high-reliability consensus head on. The ground was prepared by
several other large blackouts that same year – the northwestern blackout in Canada
and the United States, in London, and in Sweden and eastern Denmark. The 2006
European blackout underscored the transnational nature of present-day power grid
vulnerability.
Interestingly, these events did not change the high-reliability discourse in power

sector organizations such as the UCTE. The Italian blackout might confirm that
there was little slack in the system at some points, not least where Italian reserve
generation capacity and load-shedding programs were concerned. Yet the distur-
bance was contained everywhere except in Italy. Besides, in Italy itself, supply was
restored within five hours in northern Italy and ten hours in the entire main-
land. The UCTE found “no fundamental deficiencies in the existing rule-setting of
the UCTE system.”139 The existing decentralized governance mode also remained
unquestioned: “The blackout and subsequent investigation has cast no doubt on
this [decentralized] model in principle. On the contrary, the lack of a grid opera-
tor’s empowerment and independence could be identified as a potential security
risk.”140 In the next year, UCTE members again succeeded in running their sys-
tems in “a highly secure and reliable manner”; a year later the adequacy forecast
for 2005–15 did not anticipate any major risks either, predicting a “reasonable
security margin” by 2010.141 The UCTE interpretation of the “European blackout”
of November 4, 2006 follows the same line of interpretation: most consumers
remained unaffected, while supply to most of those affected was back online
within 30 minutes and to all within two hours.
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Yet the UCTE president, Martin Fuchs, observed how, following the Italian
Blackout, the “security of supply issue has come to largely dominate the dis-
cussion in terms of energy policy. Transmission system operators’ functions and
activities have never before been a matter of such considerable interest to poli-
tics and public.”142 Electricity infrastructure vulnerability quite suddenly became
a key concern of EU policy-makers and entwined with other policy initiatives;
it became an integral part of the movement to extend EU influence into the
domain of transnational electricity infrastructure governance that we summarized
above. Why did this happen? In our interpretation, this concern resonates well
with the rapid emergence of what EU analysts term an EU “security identity”
associated with an emerging “protection policy space.”143 In the last decade or
so, EU policy-makers increasingly focused on transboundary threats, from disas-
ter response and counterterrorism to food safety and avian influenza. Moreover,
member-state governments were increasingly inclined to grant the EU powers in
such matters of transnational citizen protection, thus contributing to a qualita-
tive as well as a quantitative change in the formal European integration process.
We expect, pending further research, that this context made EU policy-makers sen-
sitive and receptive to transnational electricity disruptions such as the 2003 and
2006 blackouts. Either way, unprecedented policy measures followed, not least
the EU’s Third Legislative Package (then still in draft), including plans for an EU-
wide electricity infrastructure regulatory agency. Notably, in March 2006 – half
a year before the 4/11 blackout – member states had still rejected the notion of
such agencies.144 The interconnection of energy networks itself was inscribed into
the Treaty of Lisbon, the amended “European Constitution” that came into force
in 2009.
This EU pressure was stepped up even further after the rejection of the pro-

posed European Constitution by French and Dutch voters in 2005. In response,
the new European Commission charm offensive foregrounded the leading role
of the EU in combating climate change, thus adding yet another layer of vul-
nerability and urgency to legitimate EU interference.145 Facing these combined
pressures of economic, security, and ecological vulnerabilities, the UCTE and other
sector organizations’ interpretation of economical, clean, and high-reliability per-
formance and adequate transnational sector governance were no longer politically
convincing. Moreover, important electricity producers recognized new business
opportunities, such as foreign expansion and green subsidy schemes, and this
supported ongoing political developments. In the realm of electricity infras-
tructure, international sector organizations followed the European Commission’s
suggestion to merge into the EU-wide European Network of Transmission System
Operators for Electricity (ENTSO-E). Accordingly, the old mesoregional organiza-
tions were terminated in 2009. While continuing to contest the EU notion of
transnational electric vulnerabilities, this new infrastructure organization implic-
itly copied and implemented the EU version of electrical Europe institutionally
and discursively: “We are the European TSOs.We are ENTSO-E . . . [with an EUman-
date] to ensure optimal management of the electricity transmission network and
to allow trading and supplying electricity across borders in the Community.”146

As for the infrastructure hardware, the new organization inscribed the aim of an
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“interconnected European grid” in its mission statement. One of its first activities
was to publish a call for projects developing a roadmap towards a pan-European
supergrid to counter Europe’s various electricity threats.147 Based on the findings
of this chapter, we perceive this initiative as confirmation that yet another round
of interpreting and negotiating Electrical Europe is currently taking place.

Epilogue

November 25, 2005. Heavy snowfall causes electric power interruptions throughout the
Netherlands. Supply to the town of Haaksbergen (25,000 inhabitants) near the German
border is interrupted for between 30 and 61 hours.148 The Dutch Royal Air Force flies in
emergency generators to serve elderly homes and husbandry farms. Local entrepreneurs
blame the responsible network company Essent Netwerk BV and quarrel about damages.
The Dutch parliament is shocked and demands a thorough inquiry into the adequacy of
the Dutch power grid.149 This inquiry concluded that the Haaksbergen failure could not
jeopardize the rest of the Dutch system, but the town itself is vulnerable: it is located at
the end of a transmission line. Connecting Haaksbergen and other towns in a similar
position into a ring structure to secure supply from two sides would cost �90 million
annually, while annual profits would amount to only �4 million.

A year later the 2006 European blackout passes nearly unnoticed in the same parlia-
ment.150 In contrast with EU politicians, Dutch MPs are not impressed. After all, many
more faults happen locally, particularly in low- and medium-voltage distribution net-
works. Indeed, for consumers and small businesses, the blackout of November 4, 2006
accounted for less than 2 per cent of the annual average power outage per consumer per
year.151 Events such as the Haaksbergen local blackout seem much more disruptive and
important. In 2010, Haaksbergen gets its second cable connection.152

We started this chapter with the so-called European blackout of November 4, 2006.
At first glance this event seemed to represent a remarkable historical irony. Histori-
cal actors set up large transnational synchronous power pools that facilitated, next
to power exchanges, immediate mutual support and system stabilization: a distur-
bance anywhere in the system would instantaneously be counteracted by all other
machinery in the pool. Transnational electric interdependency thus reduced much
electric vulnerability. Yet it also produced a new vulnerability in the form of cas-
cading blackout, as the November 2006 events demonstrated: today a disturbance
in northern Germany can turn off lights in Portugal or Tunisia within seconds.
On closer inspection, however, this displacement of electric vulnerabilities proved
subject to diverging interpretations: while the geography of the blackout signaled
a new form of transnational vulnerability to EU policy-makers, to power-sector
experts its successful containment and quick repair confirmed the secure state of
the European power supply. Electric vulnerabilities, in short, are subject to inter-
pretation, contestation, and negotiation in concrete historical and institutional
contexts.
Our subsequent investigation confirmed that vulnerability perceptions were

key, yet moving, targets in the shaping of Electrical Europe: electrical
interdependencies and vulnerabilities were framed differently in the eras of
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isolated power systems, interwar electric nationalism and internationalization,
postwar reconstruction, and ongoing electric EU-ropeanization. One implication
is that present-day EU, state government, or power-sector claims about electric
vulnerabilities should not be taken at face value. Rather, these should be related
to their respective institutional logics. Another implication is that any measure
to reduce present-day vulnerabilities will undoubtedly be criticized in the future
for producing new vulnerabilities of its own. The currently celebrated promise
of European “smart grids,” for instance, may facilitate better real-time control
of transnational power flows and fluctuations, and also balance out disturbances
caused by new unstable renewable energy generators like wind or solar power. Yet
simultaneously, smart grids heavily increase the dependency of electric power sup-
ply on information and communication technology infrastructure that can fail or
be hacked.153

It is thus in the context of such ongoing EU-ropeanization of electricity supply
that we end this chapter with the 2005 Dutch Haaksbergen event. After discussing
magnificent electrotechnical collaborations spanning from Ireland to Siberia and
from Norway to North Africa, the Haaksbergen incident is a welcome reminder
that in the age of pan-European and global systems, the local remains a crucial unit
of design, use, concern, identification, and vulnerability. Moreover, borders still
matter: high-capacity power lines have pierced the Urals and the Mediterranean
as electrical borders of Europe, yet the proximity of Haaksbergen to the Dutch-
German border meant that the town was situated at the end of a transmission
line. The primary grid crosses borders, but lower-level transmission lines usually do
not, even in countries that have been at the heart of Europe’s electrical integration
project. Far from being a homogeneous space, Electrical Europe is a complex, mul-
tilayered entity of interwoven local, microregional, national, mesoregional, and
transcontinental systems, transcending borders but not erasing them. Europe’s
electrical vulnerability geography follows suit: local failures are frequent, while
rare transnational failures, such as the 2006 European blackout, provide a glimpse
of the selective geographical extension of these complex systems. The importance
of local vs. long-distance failures is interpreted and weighted differently in EU
policy-making, national governments, power companies, and local communities.
It is a key task of transnational history to highlight and interrogate such entan-

glements between international, national, and local processes, not to obscure or
erase them. To further this sort of inquiry, the following chapters zoom in on
the interpretation and building of electrical Europe and its vulnerabilities “from
below.”
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Negotiating Neighbors



Introduction

In Part I we investigated the emergence and governance of Europe’s transnational
infrastructure vulnerabilities from a pan-continental perspective. We discussed the
processes of creating – or failures to create – large territories of collaboration and
trust in European energy relations for the cases of two major energy carriers, elec-
tricity and natural gas. Importantly, we found that international organizations
existed but were comparatively weak contributors to this process; by contrast, state
governments and their alliances with major energy companies (whether state or
privately owned) proved to be central builders of Europe’s energy geographies. For
this reason, Part II continues to inquire about Europe’s critical energy infrastruc-
ture from the perspectives of selected countries. Moreover, we have selected three
countries situated on Europe’s major Cold War border, the Iron Curtain: in the
cases of Finland, Bulgaria, and Greece, attempts to establish reliable energy link-
ages and cope with different kinds of energy criticalities took place in a particularly
charged political environment.
These three countries are located in regions of Europe that are not easily defined

and tend to overlap in complex ways. This makes them intriguing to study from a
critical transnational infrastructure point of view. All three countries are young
nation-states formed in the nineteenth and early twentieth centuries. Prior to
that they had belonged to the Swedish and Russian (in the case of Finland) and
Ottoman (in the cases of Bulgaria and Greece) empires. During the Cold War –
the period at center stage here – Finland was a militarily neutral capitalist coun-
try with strong but tense relations with the Soviet Union. Bulgaria was one of
the closest Soviet allies within the Communist bloc, but with historical ties to the
South and West, as well as with neighbors that were not as integrated with the
Soviet Union as Bulgaria itself – from communist Romania and Yugoslavia to cap-
italist Greece and Turkey. Greece, for its part, regarded itself as the very origin of
Western culture, it was a capitalist country and a NATO member, but it remained
geographically situated in the southeastern periphery of capitalist Europe, facing
communist andMuslim neighbors that some perceived to be the very antitheses of
the West. In addition, all three countries directly faced the Iron Curtain, though
from different sides. Therefore our case selection allows us to study the role of
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one of Europe’s most prominent internal barriers in the geography of Europe’s
infrastructure vulnerability.
Against this background, the ways in which system-builders in these countries

were able to create reliable energy relations and minimize domestic vulnerabilities
were far from clear at the outset. As we shall see, their technical and economic
priorities did not necessarily match the political and military logic of the time.
Indeed, the seeming contradictions between technology, economics, and politics
were more often than not resolved, paving the way for far-reaching transnational
networking. Explaining how this was possible is a major theme in this part of
the book. To do so, the chapters go beyond the standard diplomatic and foreign-
policy histories that have dominated both national and European historiographies
of Finland, Bulgaria, and Greece. They delve into the additional dimension of
international networks of infrastructure, people, and communities of practice in
the field of energy.
In Chapter 4, Karl-Erik Michelsen analyzes the uneasy energy relations between

Finland and the Soviet Union. He focuses first on dams and hydropower stations
in a river that the Soviet Union seized from Finland during the Second World
War, and next on the Finnish purchase of two Soviet nuclear power plants in
the 1970s. The Kremlin exerted considerable pressure to make Finland choose
Soviet reactors, but Finnish engineers changed the overall reactor design by adding
Western safety components. These reactor purchases implied increased technolog-
ical dependency on the Soviet Union, including the supply of nuclear fuel, while
at the same time reducing Finland’s dependency on electricity imports from that
country. Hence the content of Finland’s energy vulnerability shifted but not its
geographical direction.
Ivan Tchalakov, Tihomir Mitev, and Ivaylo Hristov demonstrate in Chapter 5

that Bulgaria experienced an even stronger dependency on the Soviet Union.
In the late 1940s and early 1950s, Soviet leaders coerced Bulgaria into importing
Soviet coal for generating electricity in large-scale power plants, and abandoning
the course of medium-sized power plants based on indigenous energy sources.
The vulnerability of power shortages, endangering the industrialization program
of the Bulgarian Communist Party, was substituted by import dependency on
Soviet coal. In the following decades, ultra-high-voltage power lines were also
to facilitate direct electricity imports from the Soviet Union via Romania, which
served as a transit country. In addition, Bulgaria received Soviet technical assis-
tance to develop its electricity system and a nuclear power infrastructure; like
Finland, Bulgaria purchased Soviet export reactors. The effect on the country’s
energy vulnerability was similar to the Finnish case: dependencies on imports of
electricity and coal were replaced in part by a new dependency on nuclear fuel
and know-how. Indeed, nuclear power in combination with new power plants
using domestic lignite (built when the Soviet influence on Bulgarian energy policy
was relaxed) made Bulgaria self-sufficient in electricity and even a leading electric-
ity exporter, selling power to Romania, Turkey, Yugoslavia, and, more recently,
Greece. Bulgaria became a Balkan electricity hub on which its neighbors became
dependent.
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In Chapter 6, Aristotle Tympas, Stathis Arapostathis, Katerina Vlantoni, and
Yiannis Garyfallos show that Greece provides a counterexample to the Finnish
and Bulgarian stories. Greece deliberately chose not to build any nuclear power
plants – although it long debated a nuclear program – but instead to import large
amounts of electricity from abroad. The Greek state power company had ambi-
tious plans in the late 1970s to build a nuclear reactor not far from Athens, but
a major earthquake not far from the intended plant alerted the general public
to the risks involved. This forced the government to abandon all nuclear plans
and to focus on expanding power plants based on domestic lignite and on elec-
tricity imports. This import of electricity was possible thanks to power lines that
Greece had built in previous decades to its ColdWar enemies in the north: Albania,
Yugoslavia, and Bulgaria.
The chapters in Part II demonstrate how vulnerabilities resulting from (planned

or existing) transnational infrastructure were perceived at the national level, and
how these were dealt with in the given domestic political, economic, and cul-
tural settings. Furthermore, they demonstrate how the three countries decided to –
or were forced to – concentrate on coping with some vulnerabilities rather than
with others. In addition the three chapters discuss how “Europe” was perceived
and built by national players. In Finland, the radically different safety cultures
in nuclear engineering strengthened a Finnish perception of the Soviet Union
as something completely outside “Europe” – it was explicitly perceived as “non-
Europe.” The insistence on adding Western technology to Soviet reactors came to
symbolize Finland’s technological, political, and cultural distance from the Soviet
bloc, where similar reactors emerged in very different ways. In the case of Bulgaria
and Greece, transnational electricity relations and interconnections instead pro-
duced a postwar energy region that largely coincided with the European part of
the former Ottoman Empire.



4
An Uneasy Alliance: Negotiating
Infrastructures at the Finnish-Soviet
Border1

Karl-Erik Michelsen

Prologue: The quest for electricity cables across the Gulf
of Finland

In spring 2006, the Russian power company United Power Ltd announced plans
to install a 1000 MW submarine cable under the Gulf of Finland. The high-voltage
cable – commonly referred to as the “sea cable” – would connect the town of
Kernovo near St. Petersburg with the Finnish coastal town of Kotka. Although the
announcement was a surprise, the plan itself had been conceived much earlier
in the mid-1990s. More precisely, the sea cable had been inspired by a Russian
presidential decree issued on May 7, 1995, in which President Boris Yeltsin had
declared energy to be a strategic component of Russia’s industrial and foreign
policy. Accordingly, state-owned energy companies were encouraged to explore
business opportunities beyond Russian borders, and this was precisely what United
Power sought to do.
United Power was owned by Russian energy group BaltEnergo, which in turn

was a subsidiary of the state-owned holding company, Rosenergoatom, Russia’s
nuclear energy operator, the owner of ten nuclear power plants in Russia with
a total of 31 reactors. The company had made plans to build several new reac-
tors in Russia, China, Iran, and other countries in the near future, and the
sea-cable initiative was a further component of Rosenergoatom’s international
strategy.
United Power’s announcement opened the door to speculation that quickly

gained traction in the Finnish media. Journalists identified controversial individ-
uals who were either financing or consulting for the company, which for its part
seemed to be neither Russian nor Finnish. This was typical of Russian business at
the time in its transition from the socialist to the free-market system. Many links
seemed to connect United Power to the political elite of the Kremlin, although the
company vigorously denied these accusations. Rather than pursuing any political
interests, it claimed, the project would result in significant economic benefits for
both Russians and Finns. According to András Szép, chairman of the board of
United Power,
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It is mutually interesting, in both Russia and Finland, to have this additional
possibility to trade in electricity. We know that. We have conducted our own
study on the market effects and feasibility of the project. And the figures were
fully confirmed by an independent study made by the VTT Technical Research
Center of Finland on behalf of the Finnish government, which determine that
the market impact will be around 6–8 per cent, which means savings for the
Finnish nation and industry amounting to more than EUR 200 million a year.2

However, it was not economic arguments but the perceived technological depen-
dency that decided the fate of the sea-cable project. The cable would be able to
transmit more than 8 TWh of electricity annually from Russia to Finland, but this
was only one side of the coin. According to Sergei Averianov, managing director of
the Leningrad Nuclear Power Plant, which cooperated closely with United Power
on the sea cable project,

We decided very early on that we would install a two-way cable that can trans-
mit electricity in both directions. It will therefore be a bridge. It can fulfill the
need for electricity and it can utilize power stations on both sides of the border.
That is the real benefit of the cable.3

This was exactly what the Finnish government was afraid of. Although Finland
already imported more than 10 TWh of electricity annually from Russia, the
national energy policy emphasized self-sufficiency and self-control of electricity
production. The sea cable seemed to endanger these goals. United Power was going
to purchase electricity from the Russian northwestern grid, which was the main
supply artery for St. Petersburg, yet supply from this grid was by no means guaran-
teed. The reason was that demand for electricity in Russia’s second largest city was
growing fast and the northwestern grid had thus come under heavy stress. In par-
ticular, the electricity supply in northwestern Russia was threatened by problems
at the Leningrad nuclear power plant, the main power plant in the region. It had
four 1000 MW RBMK (Chernobyl-type) reactors, but these were already 30 years
old and the plant’s operating license was under threat. Plenty of cash from both
Europe and Russia had been poured into modernizing the plant but, despite these
improvements, the production capacity had to be reduced by nearly 30 per cent
as a result of the perceived safety risks.4

Against this background, the Finns saw a risk that electricity would be exported
from Finland rather than imported from Russia. In spring 2006, the Finnish
national transmission company, Fingrid, decided to launch a all-out attack on
United Power. The 1000 MW high-voltage cable, it was argued, would create
serious risks at the location where it was to be connected to the national grid.
Because Finnish high-voltage lines were not designed to tolerate extreme load
peaks, expensive improvements would have to be made to increase the carrying
capacity of the grid should the sea cable be built. Fingrid’s estimate of the required
investments rose to �1.5 billion.5
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United Power responded by pointing out that electricity for the submarine cable
was not to come directly from the Leningrad nuclear power plant but rather from
the northwestern grid as a whole, which had many other power sources. The
company also promised to build two 900 MW thermal power stations near St.
Petersburg to secure the production of electricity in all circumstances. Last but not
least, the 1000 MW cable could be split into two 500 MW cables and connected
to the Finnish national grid at different locations as a means of further reducing
the stress on the Finnish system. Szép showed a considerable amount of goodwill
when addressing the different alternatives:

We will accept the possibility of diverging – to land two cables at different
landing points geographically – and will even consider their separation in
time – meaning one cable in, say three years, and the second in a later phase,
according to when the main grid is ready, and its capacities.6

Finland’s minister of trade and industry, Mauri Pekkarinen, had the final word in
the controversy. Fingrid and the major power companies lobbied the minister not
to grant the Russian company the license necessary to build the connection, and
they were successful. According to Pekkarinen,

It’s a question of self-sufficiency. What happens in the middle of winter when
the temperature drops way below zero and it’s freezing cold? What happens if
Russia cuts her exports of electricity when the temperature goes below −22 ◦C?
They’ve already had problems and it’s not even winter yet.7

The license was thus not granted to the Russians by the government.
The sea-cable episode would perhaps have been quickly forgotten had not some-

thing odd happened at the same time on the other side of the Gulf of Finland.
Estonian power company Eesti Energia A/S and two other Baltic power companies,
Latvenergo and Lietuvos Energija, were preparing to lay a 350 MW submarine
cable that would connect the Baltic electricity grids with that of Finland. This
project, although very much like the one proposed by United Power, was never
associated with any risks or vulnerabilities. On the contrary, both Fingrid and the
Ministry of Trade and Industry strongly supported the connection. As the presi-
dent of ABB, Fred Kindle, put it at the opening ceremony of the “EstLink 1” cable,

This is more than an energy project. It brings the EU closer to the goal of creat-
ing a European electricity network, and extends the benefits of a reliable power
supply with low environmental impact.8

Why, then, was it possible to connect a cable from Estonia to the Finnish
national grid, while an almost identical one from Russia would create risks and
vulnerabilities? Helena Raunio, writing for the engineering journal Tekniikka ja
talous (Technology and Economy), answered the question as follows:

The sea cable is an entirely different story depending on where it comes from.
EstLink from Estonia will be ready by November 2006, but the other cable from
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Russia doesn’t even have a schedule. Transnational infrastructures are governed
by rules of their own. One needs to know who is financing the projects and who
the proposed partners are. Economic rationalities are important, but there are
other factors, too. Transnational infrastructures are also about fear, trust and
suspicion. The sea cable episode shows that the old phrase is still valid: The fear
of Russia is the mother of all wisdom.9

Trust, distrust, and the cultural construction of criticality

This chapter investigates transnational infrastructures at the border between
Finland and the former Soviet Union. As the sea-cable story demonstrates, deci-
sions to build large-scale infrastructures are not necessarily based on economic
calculations alone. Rather, political and cultural aspects play a major role in the
decision-making process. The Finnish authorities did not trust the Russian energy
system – despite the fact that United Power promised to carry out seemingly nec-
essary improvements and investments to ensure reliability – and they tried to
find politically correct “excuses” to reject United Power’s proposal. They chose
to support the Estlink project, which was economically and environmentally as
problematic as the offer made by United Power. The difference lay in the cultural
and political relations between the countries involved. Finland and Estonia shared
a similar ethnic and cultural heritage, and there had always been a strong political
bond between the neighbors.10

Transnational infrastructures transfer vital raw materials and energy over long
distances and across a multiplicity of borders. It is the wish of every country
to build cross-border connections with neighbors who are friendly and coop-
erative. Yet some neighbors are neither. This is where the concept of trust
comes in. Sociologists, psychologists, and political scientists have demonstrated
how trust acts like glue in international relations. It holds people, institutions,
and organizations together and it makes collaboration feasible despite cultural
differences.11

Technical aspects constitute risks for transnational infrastructures. Power sta-
tions and transmission lines can break down and computers can go dead without
warning. But organizational and social factors must also be taken into account,
because infrastructures are operated, managed, and governed by professionals who
represent a variety of institutional and corporate cultures. If partners share nega-
tive historical experiences and if there is a lack of trust, collaborative governance
of transnational infrastructures can be difficult or even impossible. This makes
these infrastructures vulnerable to accidents due to mismanagement and poor
governance.12

Trust is associated with social capital, which is an instantiated informal norm
that promotes cooperation between two or more individuals. Shared historical
experiences can shape informal norms and produce social capital, but the result
can also be the opposite. If historical experiences are negative, social capital and
trust can be lost. This takes place at different levels of society. Everyday routines
create trust in families and well-managed projects make workplace personnel more
trusting. At the level of the state, democracy and open access to decision-making
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increase trust and loyalty among people and social classes. In centrally governed
states where power is concentrated in the hands of one party or one leader, this
process is weak and societies suffer from a lack of trust. According to Francis
Fukuyama,

This thing occurred in the former Soviet Union after the Bolshevik Revolution,
where the Communist Party consciously sought to undermine all forms of hor-
izontal association in favor of vertical ties between Party-State and individual.
This has left post-Soviet society bereft of both trust and a durable civil society.13

Russia’s relations with other European nations are still lacking in trust, even
though the communist government collapsed 20 years ago. The reason is obvious.
Two world wars, the Cold War, genocides, and ethnic cleansing have produced
enough bad historical experiences to erode trust far into the future. In general,
there is still fear of expansive powers that use ideology and military strength
to enhance their economic and political agendas. Although European integra-
tion has increased cooperation between nation-states, there is still a lack of trust
and mutual respect even between member states of the European Union (EU).
At the EU’s external border the lack of trust becomes even more evident. The EU
accuses Russia of energy imperialism and of being an unreliable supplier of gas,
oil, and electricity. Meanwhile, the EU is viewed in Russia as an “energy NATO”
that restricts competition and creates consumer cartels. There are similar problems
and accusations at the EU’s southern and southeastern borders as well.14

In his report to the European Council for Foreign Affairs, Pierre Nöelle, director
of the Energy Policy Forum, summarizes the problem in EU–Russia relations as
follows:

Current attempts to use direct diplomacy to solve Europe’s problem with
Russian gas are unlikely to succeed because the EU and Russia have divergent
interests. Europe wants to de-politicize the EU–Russia gas relationship in order
to integrate Russian gas imports into a competitive pan-European gas market
and to maximize the volumes it can import from Russia. But Russia – or its
current leadership, at least – wants precisely the opposite: to keep the politics
in the gas relationship. A depoliticized EU–Russia gas relationship would be a
disaster from the Russian leadership’s point of view.15

Finland and Russia share a long and troubled history. There have been peaceful
periods when collaboration and cooperation have enhanced economic growth on
both sides of the border, but the positive experiences have been overshadowed
by wars and conflicts that have destroyed trust and confidence. Finnish-American
historian William Copeland introduced the concept of an “uneasy alliance” in his
1973 book of the same title. The concept describes the unique nature of Finnish-
Russian relations over the past two centuries. Russia and the Soviet Union have
influenced Finnish political culture but, compared with the Baltic States, Finland
has enjoyed more freedom and independence. In return, Finland has accepted
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the geopolitical facts and refrained from criticizing Russian and Soviet domestic
and foreign policies. The uneasy alliance or “bounded sovereignty” maintained
the status quo in Finnish-Russian/Soviet relations during the early twentieth cen-
tury. However, the Winter War of 1939–40 and the Continuation War of 1941–4
broke the structure that had been created in previous decades. Finland survived the
war as an independent nation, but afterwards the Soviet Union enclosed Finland
in an iron grip. Trust and loyalty never returned, even though Finland officially
pledged peaceful coexistence with the Soviet Union. When the Cold War ended,
many believed that the “new” Russia would denounce the communist regime and
become a liberal Western nation. These hopes were dashed by Vladimir Putin,
who navigated Russia into the new millennium while retaining old doctrines.
Power was centralized inside the Kremlin and opposition voices were muted by
censorship and harsh discipline.16

Finland is therefore a perfect place to investigate how political, ideological, and
cultural factors affect transnational infrastructures. Today there are three high-
voltage transmission lines and one natural gas pipeline entering Finland from
Russia. Together these annually bring more than 50 TWh of energy across the
border, constituting a substantial proportion of Finland’s overall energy needs.
For centuries the cultural boundary between East and West has passed through

Finland; and, as a result, Finland is neither a Western nor an Eastern country but
a mixture of both. Technologically, however, it has always gravitated towards the
West and the technological culture in the country is predominantly of Western
origin. The Soviet Union, on the other hand, preferred technologies that reflected
communist ideologies and proletarian values. When these two very different tech-
nological styles collided at the Finnish-Soviet border, a difficult political and
cultural process took place. Finnish engineers disliked Soviet technologies and,
when given a choice, never accepted Soviet constructions. Nonetheless, Finland
was politically forced to collaborate with the Soviet Union, and economically it
was necessary to agree upon transborder energy infrastructures. As the sea-cable
episode demonstrated, it was up to politicians to make the final decision. When-
ever pressure from the East was weak, Finnish politicians rejected the offers made
by the Soviets and later the Russians.
However, during the Cold War, Finland became an immensely important ally

to the Kremlin because it was the only “Western country” that collaborated with
the Soviet Union. Therefore the Kremlin often used ruthless political and ideolog-
ical pressure to force Finland to accept Soviet technologies and build cross-border
infrastructures. In this way the Soviet Union was able to demonstrate to the West
how its good-neighbor policies would bring economic benefits for Finland and
possibly also for any other countries willing to cooperate with Moscow.
This uneasy alliance had dominated the building of cross-border infrastructure

on the Finnish-Soviet border from the early 1940s, and, as the sea-cable episode
illustrates, the same pattern persists even though the Soviet Union has collapsed
and Finland has become a member of the EU. It is the task of this chapter, there-
fore, to investigate in greater detail the origin and evolution of this pattern. This
is done through two case studies. The first looks at the struggle for hegemony
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between Finland and the Soviet Union during and after the Second World War.
The war paved the way for Soviet occupation of large tracts of Finnish territory on
the Karelian Isthmus, which had been of major industrial importance to Finland
before the war. In the chaotic situation that resulted from this occupation, electric
power stations, dams, transmission lines, factories, and harbors changed hands.
When the border was moved, the region’s infrastructure and natural resources
were divided between the former enemies. After the war, the Soviet Union and
Finland had to negotiate regarding the use of common resources and ways to
manage and govern previously national infrastructures that now had become
transnational. A critical point in negotiations concerned several hydropower sta-
tions along the Vuoksi River, which connects Lake Saimaa and Lake Ladoga. Before
the war the river was inside Finnish territory, but the new border made it a shared
resource.
The second case study focuses on the Finnish nuclear power program, which

took shape in the 1960s and 1970s. Finnish nuclear scientists and engineers,
and also the power industry, were seeking the transfer of Western technology to
Finland. Regarding this as a challenge to Soviet nuclear hegemony, the Kremlin
pressured Finland to purchase a nuclear power reactor from the Soviet Union.
The Finns considered Soviet technology unsafe and dangerous, believing that the
Finnish energy system would be put at risk if an unsafe nuclear power reactor were
connected to the grid.
These two case studies and the sea-cable episode illustrate how the concept of

uneasy alliance or bounded sovereignty has shaped the building of transnational
infrastructure on the Soviet-Finnish border. The relationship between the two
neighbors has been troublesome, but despite the political and ideological differ-
ences, transnational infrastructures have been built across the contested border.
Political scientists, sociologists, and historians of technology have investigated

the relationship between politics and technology for a long time. They have dis-
covered not only that politics shapes technology but also that technology shapes
politics. At the Finnish-Soviet border the interaction between politics, ideology,
and technology has been complex, and it is very difficult to pinpoint the direc-
tion of influence. This chapter shows that politics and technology are interwoven
into a seamless web and that the outcome of transborder infrastructure projects
cannot necessarily be predetermined.17

Negotiating with the enemy

BBC News has put up a website showing how European borders have changed
during the past two centuries. Clicking on a small box makes the great empires
of the nineteenth century disappear and small independent nation-states appear
in bright rainbow colors over the eastern and central parts of Europe. At the next
click, the rainbow colors are replaced by light pink, representing the satellite states
of the Soviet Union during the Cold War. Finland, the Scandinavian countries
and Western Europe are all painted in grey, although light pink would have been
equally appropriate for Finland.18
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The Finnish-Soviet border was contested after Finland left the Russian Empire in
1917. After a bloody civil war, Finland wanted to distance itself from the ideolog-
ically dangerous socialist Russia. Very little traffic was allowed to pass across the
border and instead Finland turned towards Western Europe, which represented
Western democratic values. Finnish industry had a difficult time finding new cus-
tomers in the West, but by the end of the 1920s, Finnish timber, pulp, and paper
companies were well established in Western European markets.
The geopolitical balance in Northern Europe changed during the 1930s, when

Germany pushed aggressively towards Poland and the Baltic States, and the Soviet
Union strengthened its military presence along the western border. For Finland
the most important issue was the security of the city of Leningrad, which was
located only 30 km from the Finnish border. Finland and the Soviet Union had
signed a non-aggression pact, but it was effectively discarded in August 1939, when
Vyacheslav Molotov and Joachim von Ribbentrop signed the Soviet-German non-
aggression pact.
One week after the pact was signed, Germany and the Soviet Union invaded

Poland. Soon after that the Soviet Union demanded military and naval bases along
the Baltic Sea coast and in the Baltic States. Similar demands were sent to the
Finnish government but, in contrast with its Estonian, Latvian, and Lithuanian
neighbors, Finland refused to allow the Red Army to set foot on Finnish territory.
As a result, the Winter War broke out between Finland and the Soviet Union in
November 1939.19

It was expected that the Red Army would wipe out the poorly equipped Finnish
army in a few weeks, but the impossible happened. The Finns put up tough resis-
tance and, with the help of an exceptionally cold winter and much snow, the
invasion was halted. This lasted until February 1940, when the Soviets finally
broke through the defense lines and forced the Finnish government to settle for
peace. The peace terms were devastating. Finland kept its independence but the
Karelian Isthmus and large territories along the eastern border were ceded to the
Soviet Union. The loss of the city of Vyborg and two other towns, plus all facto-
ries, power stations, warehouses, harbors, and farms, slashed a deep wound in the
Finnish economy, society, and culture. Finland emptied the ceded land and more
than 400,000 Karelians were evacuated to the other side of the new border.
Once the initial shock faded away, the Finnish government analysed the new

situation. More than 25,000 soldiers were dead and another 45,000 were injured.
The Finnish-Soviet border had moved almost 200 km westwards, putting what had
been one of the country’s most important industrial regions in the hands of the
Soviets. The war had destroyed the Finnish economy and almost half a million
refugees were struggling to find a place to live. Finland suffered from shortages
of food, electricity, and fuel. Sweden was the only foreign country that could
help. Germany, the long-time friend, was now allied with the Soviet Union and
the war in Western Europe cut off connections to the outside world.
The new Finnish-Soviet border gave rise to several controversies. The Soviet

foreign minister, Molotov, had used a thick pen when he drew the new bound-
ary on the map during the peace negotiations in Moscow. The line left room for
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interpretation; naturally, it was the Kremlin that had the last say in the dispute.
The Finnish government hoped that the Enso-Gutzeit pulp and paper mill and the
Enso community – both of which were located just on the new border – would be
saved, but these hopes were crushed by Molotov. The Soviet Union did not forego
the opportunity to take over the largest pulp and paper mill in Finland.
This was another devastating blow to the Finns. Enso-Gutzeit was not only the

biggest paper company in Finland but also the symbol of a modern industrial state.
The company’s main mill at Enso was located on the banks of the Vuoksi River,
very close to the Imatra rapids, which had been harnessed in the 1920s to provide
for Finnish electricity production “forever.” Together they formed the nucleus of
the Vuoksi River Valley industrial region, which was to be the Finnish version of
the German Ruhrgebiet or America’s Tennessee Valley Authority.20

The Vuoksi River Valley did indeed have the potential to become an important
industrial region. The biggest waterway in Finland, it discharged the waters of the
Saimaa Lake District into Lake Ladoga. The Karelian forests provided raw materials
for the pulp and paper industry, and the power of the river could be utilized in
electrochemical and metallurgical processes. Moreover, the Saimaa Canal, which
was located close to the river valley, provided access to the Gulf of Finland and to
European and global sea routes.
The nature of the Vuoksi River changed dramatically in 1929 when the tumbling

and foaming waters of the famous Imatra rapids were harnessed and almost 125
MW of electricity was directed to the grid. Another power station, Tainionkoski,
was built a few kilometers upstream, adding 70 MW of electricity. A third project
took shape in the middle of the 1930s at Rouhiala, where private power com-
panies prepared to produce as much as 100 MW of hydroelectricity. The fourth
and final leg of the series of rapids in the Vuoksi River was the twin rapids of
Enso and Vallinkoski, located a few kilometers downstream from Imatra and just
upriver from the Enso pulp and paper mill. Enso-Gutzeit launched the construc-
tion project in 1937 and the hydropower station at Enso was almost complete
when the Winter War broke out.21

The electrification of Finland thus advanced rapidly through the exploitation of
the Imatra and other rapids in the Vuoksi River. The Finnish government estab-
lished a state-owned utility, Imatran Voima, to operate the Imatra power station
and to manage the 560 km high-tension transmission line (the Iron Lady line) that
fed electricity from Imatra and the other Vuoksi River power stations to population
centers in the southern and southwestern parts of Finland.22

This dynamic development came to an end, however, through Soviet occupa-
tion of the Karelian Isthmus and the lower end of the Vuoksi River in March 1940.
Finland lost about a quarter of its installed hydropower capacity. The Rouhiala and
Enso power stations (the latter of which was still under construction) were left on
the Soviet side of the border, whereas the Imatra and Tainionkoski power stations
remained in Finland. The national grid had to be reorganized because the connec-
tions from Rouhiala were interrupted. However, it was not immediately apparent
what the Soviet Union was going to do with the power stations that were now on
Soviet territory.
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It did not take long to find out what the Soviet plans were. Only a few days after
the peace treaty was signed, the Red Army took over the Rouhiala power station.
In addition, special troops were assigned to build a 110 kV high-voltage line that
was intended to connect the former Finnish power stations to the municipal grid
of nearby Leningrad. The Soviet authorities ordered the Rouhiala Power Company
to immediately hand over all technical and hydrological documents. Meanwhile,
the Finnish crew that was still in place could keep the power station running and
the electricity could be directed across the new border to the Finnish transmission
grid.23

The Finnish authorities adopted a tough but collaborative attitude towards the
former enemy. The peace treaty was considered unjust and even disgraceful, but
the neighbors were forced to cooperate. Finland sent to Moscow experienced nego-
tiators who knew the rules of the game. Instead of refusing to cooperate, it was
better to stay calm and nudge negotiations in a direction that would provide
Finland with the best outcome.
A.E. Kotilainen, the president of Enso-Gutzeit, set a good example, although he

had every reason to be outraged with the Soviets, who had taken his mill and
occupied his hometown. At the first meeting with the Soviet side in spring 1940,
he pledged collaboration and goodwill:

The best way to build trust between our delegations is to tell things as they are.
We have brought our best experts here and we are ready to give all information
to you. I hope that you appreciate the fact that we have been very open and
our proposals are based on the genuine will of Finland to handle these issues in
a positive way.24

The first negotiations focused on the Rouhiala power station. The lack of a high-
voltage transmission line between the station and Leningrad gave the Finns some
hope. The country was in desperate need of electricity and nothing could com-
pensate for the loss of Rouhiala. For this reason, the Finnish delegation tried
to persuade the Soviets to allow this power station to feed electricity across the
border to the Finnish national grid until the high-voltage line to Leningrad was
completed. To demonstrate goodwill and collaboration, the Finnish delegation
handed over all technical and hydrological documents and agreed to pay for the
electricity that had been transmitted from Rouhiala to Finland since the end of
the war.25

At first the strategy seemed to work. The people’s commissar, Stepanov,
promised to respect international law and consider the Finnish proposal. One
option was to use the Finnish national grid as a gateway for transmitting Rouhiala
electricity to the Hanko naval base (approximately 100 km to the west of Helsinki),
which had been leased to the Red Army. The naval base consumed approximately
1.5 MW of electric power and it was technologically feasible to use Rouhiala
hydroelectricity to satisfy the needs of the Hanko base.26

The collaborative spirit disappeared, however, when the new Enso power sta-
tion that was under construction was put on the agenda. The rapids that would
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supply this power station were located, after the peace treaty, partly in Finland
(Vallinkoski rapids) and partly in the Soviet Union (Enso rapids). However, the
construction of the new power plant was designed to increase the height difference
of the Enso rapids by building an unusually high dam (16 m). When completed,
this would raise the water level so that the Vallinkoski rapids 4 km upstream would
be combined into a new and more powerful “waterfall,” to be located on what
was now Soviet territory.27 The construction of the new dam had not been com-
pleted by the Finns when the Winter War broke out. The Soviet foreign minister,
Molotov, made clear, however, that he intended to have the dam completed and
that the Soviet Union would take all of the electricity. The Finns would thus not
be able to exploit the Vallinkoski rapids, even though these were still on Finnish
territory. The Finnish authorities appealed to international law for compensation
but in vain. The Soviet Union interpreted the law differently and refused to pay.28

This left Finland with three options. First, it could build a new power station
that would utilize the Vallinkoski rapids’ elevation drop and feed electricity to the
national grid. Second, it could sell the rapids to the Soviets and thus eliminate the
problem. Third, it could continue negotiations until a long-term solution could be
agreed upon for cross-border collaboration. The first option was ruled out because
it would challenge Soviet hegemony at the border. The second option was equally
impossible because it was against the Finnish constitution to sell property to a for-
eign nation. The only option left was to continue negotiations until a consensus
was reached. Finland and the Soviet Union were now connected to each other by
the Vuoksi River and the electric power network that stretched across the border.29

The Finnish delegation approached Molotov again in November 1940. Its new
proposal was based on a transborder collaborative scheme that, according to
the Finns, was now necessary to ensure the rational use of the Vuoksi water-
way’s hydropower resources. According to Finnish calculations the capacity of
the Vallinkoski rapids was approximately 500 million kWh annually, represent-
ing a little more than 70 per cent of the total production of the new, large Enso
power station. It was fair, therefore, for the Soviet Union to compensate Finland
for the loss of energy. Instead of asking for financial compensation, however, the
Finns proposed a permanent transborder connection that would deliver to Finland
45 per cent of the electricity that was produced in the new Enso power station.30

It took six months before Molotov responded to the Finnish proposal. The
Soviet Union regarded the Vallinkoski rapids as part of the Enso power station
and therefore, Molotov explained, Finland had no legal right to claim compensa-
tion. This was the final contact between the neighbors, because one month later
Adolf Hitler ordered theWehrmacht to invade the Soviet Union. The Finnish army
followed the German invasion, and with the help of the German war machine the
Finns pushed the Red Army out of the occupied territories. By the end of 1941 the
Vuoksi River valley was again part of Finland and the power stations that had been
lost were reconnected to the national grid. The Red Army had blown up the nearly
completed Enso power station while retreating, but it was subsequently rebuilt by
the Finns. However, after the defeat of Germany in the battle of Stalingrad, the
tide turned and in the summer of 1944 the Red Army launched a massive offensive
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against the Finnish army in the Karelian Isthmus. However, as they were again not
able to penetrate deep into Finland or crush the Finnish army, peace negotiations
were held in Moscow and Finland exited from the SecondWorldWar in September
1944. The border returned to where it had been settled in March 1940.
But the question of cooperation in the Vuoksi River valley refused to go away,

even though the Iron Curtain had sealed the border between Finland and the
Soviet Union. The Rouhiala and Enso power stations (the latter having even-
tually been completed in 1942) were connected to the Leningrad grid, while
Tainionkoski and Imatra fed electricity to the Finnish national grid. There was
very little contact and practically no cooperation across the border. Nevertheless,
the loss of two big hydropower stations was a serious blow to the Finnish energy
system. As Finland was committed to paying massive war reparations to the Soviet
Union, every drop of falling water was needed to provide energy for the country’s
power-hungry industry.
In this situation, the Finns launched a renewed attempt to obtain compensation

for the loss of the Vallinkoski rapids. The question was put on the table in 1948
when the Soviet Union sent a delegation to Finland to negotiate the regulation of
the flow and the discharge of the Vuoksi River. The Soviet authorities wanted to
increase the minimum depth at the Enso power station and to obtain guarantees
that the average discharge of the river would not fall below 540 m3/s. The Finns
were ready to accept this rate but they opposed a raising of the water level at
Enso because it would expand the mass of water in Lake Saimaa and cause serious
flooding. In addition they again made clear that they were dissatisfied with the
loss of Vallinkoski hydropower. According to their latest calculations, Finland lost
about $8 million annually because Vallinkoski energy was supplied to Leningrad
rather than to the Finnish national grid. Also annoying was that the Soviet Union
had raised the water level at Enso without consulting the Finns. A higher water
level downstream decreased the production of electricity upstream. For example,
during 1946 and 1947, Imatran Voima lost almost 10 million kWh due to the
selfish behavior of the Soviets.31

It took more than a decade before transborder collaboration between Finland
and the Soviet Union took a new turn. In 1960, Enso-Gutzeit, Imatran Voima,
and the Soviet foreign trade organization, Mashinoexport, signed an agreement
restoring the 110 kV connection from the Enso power station to Imatra. One of
the four turbines of the station was designated to deliver 22 MW of electricity to
the Finnish national grid. The connection was managed by the Leningrad power
network operator, Lenenergo. Although it did not compensate for the Finns’ loss
of Vallinkoski power, it was nevertheless a strong signal of the peaceful coexis-
tence that had been advocated by the Finnish and Soviet governments since the
death of Stalin in 1953. Finland had already opened up access to the national
grid on its western border – through a connection to Sweden that was operational
from December 1958 – but now the eastern border had also been opened up for
electricity imports.32

The new connection across the eastern border revived old arguments about the
use of the Vuoksi waterway’s hydropower resources. If electricity was transmitted
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from the Enso power station back to Finland, it made sense to coordinate the
discharge of the Vuoksi River jointly. In the Soviet Union, issues like these
were decided at the highest political level, inside the high walls of the Kremlin.
A joint Finnish-Soviet border water commission was established in 1964 to inves-
tigate, coordinate, and regulate the use of common resources along the 1000 km
Finnish-Soviet border. In addition, the commission tried to increase accessibility
to waterways located on both sides of the border. From the Finnish point of view,
the permanent joint commission was an important instrument that could be used
to enhance trust and confidence, but also to control the use of common resources
and transborder infrastructures. Without such an instrument the Soviets could
continue dictating the terms of cooperation and the use of hydropower resources
in the Vuoksi River, and also in other rivers and lakes along the long border.33

The border water commission did not banish distrust and tension from Finnish-
Soviet relations, but it helped to establish a permanent contact between the former
enemies. Finnish foreign policy during the Cold War followed a doctrine of “prag-
matic neutrality” that advocated friendly and cooperative relations with both East
and West. The main objective of energy policy was to enhance self-sufficiency and
to utilize domestic energy resources as much as possible. Nevertheless, transborder
connections were allowed in designated locations where they did not threaten the
stability of the national grid. The Enso-Imatra connection was considered “safe”
because it utilized hydropower resources of the Vuoksi River and the connection
delivered power one way to the Kaukopää pulp and paper mill in Finland. The
connection was also technologically safe because the Finns had designed and con-
structed the Enso power station so that it was technologically compatible with the
Finnish standards. The connection to the Swedish grid followed a different logic,
being established to balance the production of hydropower during periods of low
precipitation.
This long, painful process was the first real encounter that prompted the Finns

and the Soviets to sit down to negotiate the management and governance of a
transborder connection. It goes without saying that the parties did not trust each
other and that very little could be done to enhance trust during the war. How-
ever, the border water commission and the transborder connection from Enso to
Kaukopää demonstrated that former enemies were able to establish permanent
transborder connections and manage them jointly.
The negotiation process at the Finnish-Soviet border followed unique rules.

Soviet delegations were bound to the Kremlin’s orders, which were more politically
than economically oriented. The Soviets were more interested in scoring political
victories than gaining economic benefits. For the Finns the situation was the oppo-
site. After the war they had to become accustomed to living and collaborating
with a politically aggressive neighbor; in order to secure the supply of electric-
ity, certain compromises had to be made. Although the rules and patterns of the
uneasy alliance were understood on both sides of the border, they were never
openly admitted. The Soviets tried to increase political and ideological influence
in Finland, while the Finns tried to contain the pressure by allowing transbor-
der connections to be built which could be controlled and managed jointly. The
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critical point was the trunk line, which became a symbol of independency and
sovereignty.

Containing criticality

Finnish energy policy, based on self-sufficiency and only limited transborder
connections, was put to the test during the Cold War, when political and eco-
nomic integration advanced on both sides of the Iron Curtain. At the same time,
Finnish society was undergoing rapid industrialization and urbanization, leading
to greatly increased consumption of electricity. It was estimated that domestic
energy resources would not be able to meet demand from the early 1970s; beyond
this, Finland would become increasingly dependent on imported electricity, oil,
gas, and coal.34

This was not a pleasant scenario. International trade in fossil fuels was plagued
with ideological and political tensions, which Finland wanted to avoid to the
greatest possible extent. The Soviet Union was a major supplier of coal, oil, and
gas, so these raw materials were already included in the bilateral trade agreement
between Finland and the Soviet Union. Coal and oil could also be purchased
from Poland and the Middle East, but both regions were politically unstable and
constant threats of war and terror made this option the least favorable.35

How then could Finland meet its demand for electricity without getting
involved in political and ideological struggles? This was the central issue of Finnish
energy policy from the mid-1960s, when all domestic hydropower resources had
been harnessed. New sources of electricity had to be found, domestically or abroad.
This is when atomic energy stepped in as the ultimate solution to the country’s
energy problems.36

The peaceful use of atomic energy became available in 1953 when the US pres-
ident, Dwight D. Eisenhower, announced to the United Nations (UN) General
Assembly that his country was going to declassify thousands of scientific and tech-
nological documents concerning nuclear fission. In addition, he pledged that the
United States and other members of the nuclear family would create an atomic
bank from which politically reliable countries could obtain enriched uranium to
be used in scientific and technological experiments. The Soviet Union was not
mentioned but the Kremlin quickly responded to the challenge by offering similar
cooperation to politically “credible” nations.
In August 1955 the “Atoms for Peace” program was officially inaugurated. Sci-

entists, engineers, and policy-makers from all over the world came together in
Geneva to share information and discuss the future of atomic energy.37 The
Geneva conference gave wings to an atomic enthusiasm that spread rapidly
throughout the world. It was estimated that the price of atomic electricity would
be next to nothing and that uranium would replace oil, gas, and coal as the main
source of thermal power. These optimistic expectations were somewhat overshad-
owed by fears of nuclear war and technological failures in the power plants that
could cause health hazards and environmental catastrophes. But most countries
still considered it of great importance to advance nuclear power.
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Finland sent a small delegation to Geneva to find out what the Atoms for Peace
programmight offer a small country that had been isolated from the international
community since the end of the war. Although atomic energy promised inexpen-
sive and almost limitless access to electricity, there were a number of political and
ideological issues that needed to be sorted out before Finland could participate in
a transnational program. The Atoms for Peace program was coordinated by the
UN, and the Finnish application for membership of this organization was still
pending.38

Finnish atomic energy policy emphasized education, technological research,
and international cooperation. A small country could educate a critical mass
of scientific and technical experts, but this had to be done by networking and
collaborating with more advanced countries and with the help of international
organizations, such as the International Atomic Energy Agency (IAEA) and the
Organisation for Economic Co-operation and Development (OECD). It was sug-
gested that a first full-sized nuclear power plant should be completed in Finland
by the early 1970s. At that time the national demand for electricity was expected
to exceed 20 million KWh.39

But the road to atomic paradise proved to be rough and windy. The atomic
enthusiasm that inspired the first Geneva conference faded away as the Cold War
escalated in the late 1950s and early 1960s. The civilian use of nuclear power
became a battlefield where the Soviet Union and the United States fought for
technological hegemony. Both superpowers signed bilateral deals with allies for
nuclear reactors and supplies of uranium. The Finnish authorities tried to balance
between East and West and, as a result, neither of the superpowers established a
dominant foothold in Finland. Finnish nuclear scientists and engineers studied
in the United States, Sweden, and Denmark, while policy-makers, diplomats, and
politicians paid visits to Soviet nuclear facilities in Moscow, Novo-Voronezh, and
Obninsk. The head of the Finnish nuclear power program, Professor Erkki Laurila,
defined the Finnish position in the hegemony game in 1962 as follows:

We should buy a test reactor that suits nuclear technologies already existing
in Scandinavia. This way we would get a “ticket” to the ongoing research and
development process in the West. From a technical point of view the Soviet
standard reactor is not bad, but if we purchase the reactor from the Soviet Union
it sets in motion a process that we cannot control. It is better therefore, to turn
to the West and acquire the test reactor from there.40

Most European countries had no choice but to accept an offer of nuclear cooper-
ation from the United States or the Soviet Union. Those who received the offer
from the United States were considered lucky, because US nuclear technology was
regarded as safe, reliable, and efficient. The situation on the other side of the
Iron Curtain was very different. The Soviet Union had developed nuclear tech-
nology from the early 1950s, but the Soviet technological style was clumsy and
crude, and the nuclear facilities and power plants were fully integrated with the
top-secret military-industrial complex. Moreover, as Professor Laurila pointed out,
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Soviet technology was beyond Finnish control. If a test reactor was ordered from
the Soviet Union, Finland would become dependent on Soviet nuclear technology
for the foreseeable future. This would have major implications when the nuclear
power program moved to the next phase. Finland feared that it might be forced to
adopt Soviet nuclear technology and that this would jeopardize the security and
reliability not only of the nuclear power reactor as such but also of the national
electricity system as a whole.
This same concern was hidden between the lines of the document that formally

opened the international bidding for a 300 MW Finnish nuclear power station.
The document had been written in 1965 by state-owned power company Imatran
Voima, which had been charged with managing the nuclear power project in
Finland. Imatran Voima needed an international company that could not only
design and construct a safe and reliable nuclear power station but also manage the
project. Invitations were mailed to 11 nuclear manufacturers around the world in
July 1965.41

Heikki Lehtonen, president of Imatran Voima, was convinced that this was the
right approach. The company welcomed the participation of all competent man-
ufacturers in the international bidding. The final decision was to be based on
objective technological and economic criteria. No political or ideological argu-
ments were to be taken into account. This was the first time this kind of open
bidding had been organized in the field of nuclear power. As Lehtonen wrote to
his chief engineer, Tauno Rask, “I’m sure everyone will participate – except the
Soviets, perhaps. At least, this is what we’re counting on here.”42

By the time the deadline arrived, eight manufacturers had confirmed their
participation. The missing three were the manufacturer from the Soviet Union,
General Atomics from the United States and Britain’s General Electric. General
Atomics did not have the right kind of reactor and General Electric was occupied
elsewhere. Imatran Voima had sent two invitations to the Soviet Union, because
the company did not know which organization or institution would be the one to
participate in the bidding. No reply had been received from Moscow, and Imatran
Voima thus went ahead with the selection process. The company had promised to
analyze the tenders and choose two or even four candidates for the final round.
This is when everything started to go wrong. The Soviet Union had, indeed,

sent a reply but it was addressed not to the power company but directly to the
Finnish government. This mysterious letter raised concerns at Imatran Voima. The
company had hoped that the Soviets would stay out of the race and that the first
nuclear power station could be ordered from the West. Now these hopes faded,
and political and ideological dimensions entered the bidding.43

Imatran Voima accepted the tender from Moscow, even though the official
deadline had expired. It turned out to be both technologically and economi-
cally inferior and could not compete with the much stronger tenders of the
Western companies. The initial analysis revealed that the five best offers came
from Westinghouse, Siemens, AEG, ASEA, and the Canadian General Electric.44

Imatran Voima had hoped that it would be able to escape the ideological and
political tensions plaguing the civilian use of nuclear power by allowing all nuclear
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manufacturers to participate in the bidding. These hopes were quickly crushed
when it became clear that none of the Western companies would be able to deliver
enriched uranium without permission from the IAEA and possibly also from the
US government. The Soviet Union also had a surplus of enriched uranium, but
the Soviets were refusing to sell uranium fuel for reactors other than the ones they
had designed and constructed themselves.45

Despite this troublesome information, Imatran Voima decided to go ahead as
planned and choose the best three contenders for the final round. They were
AEG from West Germany, Westinghouse from the United States, and General
Electric from Canada. These three had the most advanced reactor technology,
well-designed safety systems, and a cost-effective production record.46

This result did not please the Soviet Union, however, which demanded that its
tender should be reconsidered and readmitted to the competition. This in turn
angered Canada’s General Electric, and the company decided to pull out of the
competition. This opened the door to further speculation and, by early 1967, the
Swedish company ASEA, and the British manufacturer UKAEA, re-entered the bid-
ding with new tenders. Imatran Voima tried to reorganize the competition but in
vain. A hegemonic struggle between East and West had taken over the bidding
and it was no longer possible for anybody to predict the final outcome.
This question could not be decided by Imatran Voima alone. The Finnish gov-

ernment could not passively watch the country being drawn into the political
storm. Imatran Voima had had good intentions, but now it was time to blow the
whistle and take a time-out. The government ordered Imatran Voima to inform all
participants that all tenders had been rejected and the bidding cancelled. Further-
more, there was no reason to launch a new round of bidding and no order should
be placed on the basis of the current tenders. The nuclear power project could be
reconsidered when and if the political climate calmed down. Finnish energy pol-
icy was no longer looking at nuclear power as a future solution. Instead the focus
was on coal, oil, and gas.47

This was a tough decision for Imatran Voima. The company’s atomic energy
team had spent almost four years investigating tenders, without result. Imatran
Voima lost much of its reputation as a credible international partner in high-
technology projects, andmany engineers left the company for better opportunities
elsewhere. Worst of all, the Western media ridiculed both the company and the
Finnish government for their allegedly gutless and soft attitude towards the Soviet
Union.
The nuclear moratorium came to an end in the summer of 1969 when the

Finnish government succumbed to political pressure and agreed to send a del-
egation of experts to Moscow to negotiate nuclear collaboration. Although no
agreements were supposed to be signed, everybody on board understood that this
undertaking would decide the future of the Finnish nuclear power program. The
Soviet Union had already informed Finland that it would not be allowed to pur-
chase enriched uranium for Western reactors. But Soviet uranium was available,
and the Kremlin promised long-term contracts if the Finns accepted the terms.48

Summer days in Moscow can get hot and humid when continental weather
from Siberia sets in. Local people know how to avoid the heat by escaping to their
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“dachas” outside the city, but this privilege was not given to the small group of
men standing in Red Square. They were all dressed in black suits, white shirts,
and black bow ties. The Finnish delegation had chosen Red Square as the place
to decide their final negotiating strategy, because it was close to the Kremlin and
there were no listening or spying devices.49

The Finnish delegation tabled its agenda, which included three very difficult
demands. First, the reactor and the reactor building had to be covered by a gas-
tight steel containment. Second, the reactor and all of its components had to
be designed according to US ASME standards. Third, the Soviets had to provide
unrestricted access to all manufacturing units, including the uranium-enrichment
plants.50

The Soviet delegation could not possibly accept this agenda. The head of the
delegation, the academician Andranik Petrosyants, gave the Finns a long summary
of Soviet achievements in the field of nuclear technology. The Soviet Union had
been the first country to develop power reactors that could be used for civilian pur-
poses. In addition, the Soviets had developed safety standards that exceeded those
in the West. The safety record of the VVER-type reactor – the Soviet light-water
reactor – was spotless and no accidents or critical events had been reported. There
were already several reactors of this type installed in the Soviet Union and the
Council for Mutual Economic Assistance (COMECON) countries. Soviet scientists
and engineers had assessed the possible risks, and the necessary precautions had
been taken to secure the safety of the reactors and power plants. The Soviet Union
used its domestic standards when designing nuclear reactors and components, and
there had been no complaints. The last point on the agenda was simply impos-
sible, because the Soviet constitution did not allow foreign citizens any access to
high-technology factories and research institutions.51

The Finnish delegation was determined not to give in, however. The contain-
ment that was to cover the reactor vessel and protect the nuclear power plant
in the case of catastrophic accident was the key issue. If the Soviets refused to
redesign the reactor, the deal was off. The same applied to the ASME standards.
It was impossible to accept design standards that were incompatible with the
rest of the standards used in Finland. Quality control was a normal procedure
in the West and open access to manufacturing units, the Finns argued, increased
transparency and trust.
The Moscow negotiations lingered for weeks without much progress. Imatran

Voima tried to make the Soviets give up the deal by slowing down the negotiations
and refusing to accept any compromises. This frustrated the Soviet delegation,
which had received strict orders from the Kremlin to persuade and pressure
Imatran Voiman to sign the contract. The Soviet Union needed a foreign refer-
ence, and if Finland refused to accept the VVER reactor, who else would then
think of buying a Soviet-designed reactor? On the other side of the table, this was
exactly what the Finnish negotiators were trying to avoid. Imatran Voima opposed
the Soviet nuclear power station and the company had no desire to become a part
of the Soviet technological sphere.
The deadlock was broken in political negotiations that took place behind the

scenes. The agreement was made but the parties were not Imatran Voima and
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Technopromexport – instead they were the Finnish and Soviet governments.
What was decided inside the Kremlin walls was a great and unpleasant surprise
to Imatran Voima. The company was named as the main contractor for the first
nuclear power station in Finland and the role of Technopromexport was reduced
to being a subcontractor, which would deliver two VVER reactors, reactor vessels,
two steam turbines, and certain parts of the primary circuit to Finland. It was left
to Imatran Voima to redesign the power plant, adapt it so that it matched Finnish
requirements, manage the project as a whole and find subcontractors – in Finland
and abroad – for those parts that Technopromexport did not provide.
Even after the agreement, there remained more questions than answers. How

should Imatran Voima redesign a Soviet-designed nuclear power station when it
had no previous experience in the field of nuclear energy? How could it find a
manufacturer that could design and construct the massive steel containment that
would cover the VVER reactor? And finally, how much would all of this cost, and
would this kind of transnational project ever result in a safe, durable, and efficient
nuclear power station?
These and many other questions were at least partly answered on January 21,

1977, the day when the first reactor of the Loviisa nuclear power plant, built on
the shores of the Gulf of Finland, went critical for the first time. Imatran Voima
had worked for almost eight years to accomplish the project, which was popularly
referred to as “Project Eastinghouse.” Time and money had been spent and the
project was almost four years behind the original schedule. Finally, everything
was in place. The Finnish president, Urho Kekkonen, and the Soviet premier,
Alexei Kosygin, attended the opening ceremonies. Those Soviet engineers who
saw the power plant for the first time could not believe that it was, in fact, a Novo-
Voronesh-type power plant. The reactor building was made of reinforced concrete
and the reactor hall was covered by a massive steel containment that sealed the
reactor from the outside world. There were no broken windows or dirty floors, but
instead the reactor hall and other facilities were spotless and painted in neutral
colors. The only reference to the origin of the VVER reactor was found on the steel
lid that covered the reactor vessel. The bright red lid was adorned with the famous
letters CCCP.
The Loviisa nuclear power plant became a truly transnational facility contain-

ing high-technology components from both sides of the Iron Curtain. The Soviet
Union delivered the reactors and turbines, while the safety technology was pur-
chased from the United States. The instrumentation came from West Germany
and the process computer was manufactured in Finland. Thousands of construc-
tion workers came from the Soviet Union, Finland, and other European countries.
The project was managed by Imatran Voima with the help of several consulting
companies from Switzerland, the United States, Sweden, and West Germany. This
was an exceptionally difficult task during the Cold War, when the transfer of high
technology across the Iron Curtain was subject to strict control.52

The obvious question was: Why all this trouble? Finland needed additional
power-production capacity to ensure self-sufficiency, but nuclear power was deeply
political and connected Finland to the ideological struggles of the Cold War. As a
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result, when the first nuclear power station was plugged into the national grid, the
Finnish energy system became dependent on the Soviet Union. The uranium fuel
was shipped across the border and the nuclear waste returned. In addition, the
VVER reactor and Soviet technology connected Finland to its eastern neighbor.
These connections had to be managed and governed in order to minimize risks
and maximize sovereignty.
The question was all about trust – as it had been in the Vuoksi River case and

would be later in the sea-cable episode. Nuclear power was a new and dangerous
source of energy, and specialized skills were needed to control the reactors and
their production of electricity. Finnish engineers did not trust Soviet nuclear tech-
nology, but the risks were contained by the new construction and additional safety
technologies from the West. The Soviets never understood the lack of trust; several
times they tried to convince the Finns that Soviet technology was safe and reli-
able. Antti Vuorinen, head of the Finnish Radiation and Nuclear Safety Authority,
ended this dialog when he repeated what Lenin had said several decades before:
“Doveryay, no proveryay” – “Trust, but verify.”53

Fear, distrust, and the quest for control at the Finnish-Soviet border

In 2006 the Finnish authorities refused to grant United Power permission to
build a 1000 MW submarine cable from Russia to the coast of Finland because
the national grid was too weak to tolerate the massive load of electricity in one
geographical location. As mentioned above, United Power criticized this decision
because it was not based on objective calculations. The Finnish authorities and
the national grid company, Fingrid, never seriously considered the second pro-
posal, which would have divided the 1000 MW cable into two 500 MW cables,
to be landed on the northern shore of the Gulf of Finland at two different loca-
tions. Instead of playing a fair game, the Finnish government decided to finance
the EstLink project, which was technologically analogous to the one offered by
United Power.
It is no secret that the Finnish government and Fingrid disliked United Power’s

offer. They also feared that a sea cable from the Leningrad nuclear power station
would make the national grid vulnerable and Finland too dependent on the Soviet
energy system. These fears were grounded in the long history of energy collabo-
ration with the Soviet Union. Finland had developed special relations with its
mighty neighbor during the nineteenth and twentieth centuries, and this uneasy
alliance resulted in fruitful economic collaboration, but also political and ideolog-
ical pressures. The Soviet Union was an aggressive and expansive superpower that
jealously guarded its geopolitical interests in Europe and other parts of the world.
In 2006, even though the Soviet Union had been dissolved more than a decade
earlier, the memory of this volatile collaboration refused to go away.
The case of the sea cable and the two other episodes discussed in this chapter

demonstrate how energy collaboration between Finland and the Soviet Union
was plagued by distrust and fear. Although common natural resources and more
than 1000 km of common border provided a perfect framework for close and
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profitable collaboration, there were only a few cross-border connections built dur-
ing the nineteenth and twentieth centuries. Instead of advocating collaboration,
Finland tried to preserve its energy independence and only those connections
that were considered necessary were allowed to cross the border. The national
grid was the most precious component of the national energy system, and no for-
eign connection was allowed to plug into it without permission from the Finnish
government.
This chapter has demonstrated how the political, ideological, and cultural con-

text shaped criticality at the Finnish-Soviet border. The Finns did not trust the
Soviets and vice versa. The lack of trust resulted from wars and geopolitical pres-
sures that continued until the collapse of the Soviet Union in 1991. The bad
blood between the neighbors stemmed from political institutions, but also from
the Soviet technological style, which was perceived as alien by Finnish engineers
and managers.
Current scholarship of critical infrastructures focuses on critical events and

breakdowns of complex technologies. This chapter suggests that the definition
of criticality can be enriched if the focus is placed on the cultural and political
context that shapes the design, construction, and governance of transnational
infrastructures. None of the transborder infrastructures which crossed the Finnish-
Soviet border became critical, although all elements of risk were present. Soviet
engineers and managers had a “theoretical” approach to risk and criticality. If cal-
culations showed that no risk existed, there was no need to build expensive backup
systems and protective structures. Their Finnish colleagues approached risk and
criticality from a different angle. Theoretical calculations were made, but practi-
cal considerations played the major role in the final decision-making. The two
approaches clashed when transborder connections were planned. Finnish politi-
cians could not say “no” to the transborder connections that were initiated by
the Kremlin, but Finnish engineers and managers were able to contain the risk by
redesigning Soviet technologies and by creating joint management institutions to
govern common resources.
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Bulgarian Power Relations: The Making
of a Balkan Power Hub
Ivan Tchalakov, Tihomir Mitev, and Ivaylo Hristov

Prologue1

In early 1983, Todor Bozhinov is appointed as the new Bulgarian minister of the electric
power industry. Eager to demonstrate his professional managerial capacities, he intro-
duces a number of economic and organizational changes. These have recently been
discussed in the Council for Mutual Economic Assistance (COMECON), and are aimed at
increasing the productivity and efficiency of member states’ power systems. Some of the
measures directly affect the reliability of electricity supply. For instance, the customary
summer maintenance and repair works, during which many generating units lie idle, are
to be drastically reduced. Also, two full months of coal emergency reserves are to be cut
to the equivalent of two weeks, thus freeing significant financial and material resources.
About a third of the Bulgarian coal supply comes from Soviet Ukraine via Black Sea ports,
but this supply line seems quite reliable.

However, the winter that follows is unexpectedly cold. In early January 1984, most
Soviet Black Sea ports are frozen. The Ukrainian coal supply to Bulgaria is disrupted.
The limited emergency reserves of lignite at Bulgaria’s biggest electric power complex,
Maritsa East, are quickly spent, and a number of thermal generators are shut down. The
remaining generators work at extremely high loads and many break down, partly due to
the reduced repair works in the previous summer. For almost two months the Bulgarian
economy and population face severe electricity cuts – two out of every four hours. At the
time, one of us is living on the 11th floor of a (typical) apartment building, where power
cuts also deprive the family – including a six-month-old baby girl – of heat and water
because of the failure of the electric steam and water pumps.

January 1984 becomes known as the country’s most serious electricity crisis since the
early 1950s. Bozhinov is dismissed and his predecessor is reinstated. Still it takes more
than six months for Bulgaria’s power supply to be fully restored, and by then the cur-
rent minister has been hospitalized with symptoms of severe exhaustion. The events
of that winter help to legitimize the expansion of nuclear power in Bulgaria as a way
to strengthen the domestic energy supply and reduce dependence on coal and electricity
imports. They also serve to boost the establishment of a large hydropower pump storage
complex as a way to improve power-system reliability, and the construction of new high-
voltage power lines linking Bulgaria to the Soviet power system and several other countries

131



132 Bulgarian Power Relations

in the region, thus further increasing Bulgaria’s electrical integration with its neighbors
and strengthening the country’s role as a Balkan power hub.

Introduction

The events of January 1984 and their aftermath illustrate how the Bulgarian elec-
tric power supply developed in the context of broader energy exchanges between
a number of countries, not least in cooperation with COMECON and in bilat-
eral exchanges with non-COMECON Balkan partners. Such exchanges provided
advantages and helped Bulgaria to develop from structural energy poverty into a
prominent Balkan power hub. Yet they also implied new vulnerabilities, as in the
case of the sudden disruption of coal imports. Moreover, these energy and power
issues had a sharp political edge and constituted key elements in domestic quarrels
as well as in Soviet-Bulgarian relations.
This chapter investigates Bulgaria’s electrification in the framework of the

Eastern European socialist project. We outline the technological and institutional
principles in building the Bulgarian electric power system, as well as the patterns of
electric and energy integration with other COMECON countries – and especially
the Soviet Union. From this perspective we address two major research themes.
First, the Bulgarian case allows us to study several aspects of Europe’s infrastructure
integration.2 As a COMECON partner, Bulgaria was involved in efforts to organize
electricity systems in socialist countries under a single “umbrella” – the Integrated
Power Systems (Obedinenie energeticheskie Sistemi), thus reproducing Europe’s Cold
War division in the electrical sphere.3 On the other hand, as we shall see, other
power lines – as well as flows of electricity, machinery, energy sources, and skilled
workers – crossed the capitalist-socialist boundary and to some extent negated
Europe’s Cold War fragmentation. Indeed, we argue that Bulgarian efforts to link
up with its socialist partners as well as its capitalist neighbors eventually gave rise
to a new role for Bulgaria as a key player in southeastern European electric power
exchanges across supposed socialist-capitalist borders.
Second, we ask how Bulgarian perceptions of vulnerability informed and shaped

the processes of infrastructure integration. As socialist system-builders, Bulgarian
power authorities needed to address and reconcile several forms of vulnerabil-
ity in technical (domestic power shortages, import dependencies) and political
(harsh domestic conflicts, managing Soviet-Bulgarian relations) spheres. As we
shall see, vulnerability considerations greatly informed the historical development
of Bulgaria’s domestic power supply and its embedding in transnational energy
and electric power relations, inspiring such measures as introducing ever more
powerful generating units; diversifying electricity production into hydropower,
thermal, and nuclear units; improving the reliability and stability of domes-
tic transmission lines; and continuous investment in interconnections with its
COMECON and Balkan countries.
The political, economic, and technological relations between Bulgaria and its

(socialist and capitalist) neighbors during the Cold War period were not static.
For the purpose of this chapter, we distinguish three main periods or stages in
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Bulgarian electrification, each one characterized by different perceptions of criti-
cality and vulnerability; different developments in electricity infrastructure; and
different patterns in international relations. The first period covers the dramatic
and turbulent period from the communist takeover in 1944, when access to
electric power was limited, to the early 1960s, when Bulgaria was by and large elec-
trified. Structural power shortages during the Soviet-style modernization process
were perceived as the main criticality and driver. In the second period, Bulgarian
power authorities sought to meet the ever-increasing power demand by deepening
cooperation with the Soviet Union and other COMECON countries, thereby pro-
ducing a new form of energy vulnerability – import dependency. The third period,
which started around 1975 and ended with the demise of communist Bulgaria in
1989, is characterized by concerns about system stability and new vulnerabilities
following the Bulgarian nuclear age, as well as the country’s emergence as a Balkan
power hub.

Communism and its criticalities (1944–65)

December 1948 – the victorious Fifth Congress of the Bulgarian Communist Party. The
party chairman, Georgi Dimitrov, proclaims from the tribune: “Through industrializa-
tion, electrification, and the mechanization of agriculture, our country should achieve in
15–20 years what other countries have taken a century to achieve. To this end a strong
energy basis has to be created by using the country’s thermal and hydropower potential.”
The technological expertise is to come from the Soviet Union, and Dimitrov hence adds:
“for the Bulgarian people the friendship with the Soviet Union is of critical necessity, in
the same way as sun and water are necessary for every living being.”4

One year later, in 1949, the so-called People’s Court (Naroden sad) tries several top-
level government officials, who had been appointed by the Communist Party after 1945
to electrify the country. Originally created as an instrument of terror against the former
bourgeoisie, the People’s Court now turns against enemies inside the Communist Party
and its allies. Traycho Kostov – member of the Communist Party Politburo, minister of
electrification and vice prime minister in the 1946 government – is sentenced to death and
hanged. His successor in the 1946–7 government, engineer Manol Sakelarov, is also sen-
tenced to many years in prison, where he dies in 1954. Deputy ministers of electrification
in the same government, the engineers Lyubomir Kairyakov and Marin Kalburov, are also
sentenced – the first dies a few years later in prison, while the second is cleared and set
free in 1956. Their official crime is “deliberately impeding electrification of the country by
building wasteful small water power stations and holding up the techno-economic collab-
oration with the Soviet Union.”5 Concretely, Kostov’s sin is his insisting that in the field
of electric power, Bulgaria should not change the patterns inherited from its historical
tradition but follow them. By this he means that the large-scale introduction of relatively
small power stations based on local sources of hydropower and thermal power have to
be favored over the centralization of power generation in a few large utilities proposed by
Soviet experts.6

This harsh start to the communist era in Bulgarian electricity history illustrates
that electrification was a major concern in government programs to build postwar,
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socialist Bulgaria. It also shows that the personal stakes for individual system-
builders could be exceptionally high; pushing electrification strategies that fell
out of favor might not only lead to financial and employment sanctions but
could become a matter of life and death for their supporters. Personal security
became part of the equation. Moreover, it is noteworthy that the object of dis-
agreement was a choice between two electrification strategies that are well known
from Western histories: electrification could take the form of “planned systems”
to radically break with past practice, or of “evolving systems” following the lines
of “inherited,” existing patterns.7 To understand this conflict we start by briefly
addressing the legacy of pre-communist electrification efforts.

The electrical communist revolution

Up to 1944, Bulgaria was one of the least developed countries in Europe in
terms of electrification, with merely 13 per cent of all settlements being electri-
fied. According to the index of consumed energy per capita, Bulgaria was last
among all European countries.8 Its modest domestic generating capacity of 130
MW consisted of 60 per cent thermoelectric units and 40 per cent hydroelectric
generators.9 The system was fragmented: the first national electrification plan was
launched only in 1941. Only after the “the golden age of Bulgarian electrification,”
as the period from 1950 to 1970 is sometimes called, would Bulgaria be electrically
integrated and fully electrified.
In terms of transnational relations, pre-communist Bulgaria was oriented

towards Western models of electrotechnical development, not least the German
model of public electrification. Western European technology and know-how (pre-
dominantly from Germany, Austria, Switzerland, Czechoslovakia, and Hungary,
and to a lesser extent from Belgium, Britain, and some other European coun-
tries) played an important role. Western European engineers came to Bulgaria,
and Bulgarian engineers were trained in Central and Western European schools
(Vienna, Prague, Karlsruhe, Munich, Darmstadt, Paris, Grenoble, and Toulouse
were some of their favorite destinations).10 Accordingly, it was from this direction
that the first ideas of large-scale electrification reached the country. Besides import-
ing the notion of a national power grid, German and Austrian engineers helped to
map the hydropower potential of the country and design several major dams.11

The first major changes after 1944 were of a discursive and institutional nature.
After the occupation of Bulgaria by the Soviet army in September 1944 and the
establishment of a “people’s democratic government” dominated by the Com-
munist Party, economic development was redirected under the famous slogan of
Lenin, “Communism is Soviet power plus the electrification of the whole coun-
try,” which was repeatedly cited in communist propaganda. The Bulgarian people
were bombarded with this slogan from their earliest school years on. The catch-
word of “socialist industrialization” implied a pro-Soviet, anti-Western economic
policy that forced Bulgarian engineers to cut off existing ties with Western Europe
and the southern Balkan countries, and to reorient themselves toward their eastern
allies.
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The country followed the Soviet-inspired political priority of developing heavy
industry and the related need for large amounts of electricity. Thus the main chal-
lenge for the Bulgarian power industry became to match the expected growth
in industrial demand through a corresponding increase in power supply, and to
enable access to electricity in all locations. The main concern was to ensure “avail-
ability” and “connectivity,” and this also defined the criticality of the emerging
system.12

As in other Eastern European countries, the Bulgarian energy sector was reor-
ganized following the Soviet model. Electrification became a public task with
the Act on Industry, Bank and Mine Nationalization and Electrification (1947)
and the Electrical Industry Act (1948), and particularly the Act of the Elprom
Syndicate (1948), the Water Syndicates Act (1948), the Act on the Construction
of the Rositsa and Topolnitsa Dams (1948), and the Act on Heat and Electric-
ity Supply Joint Ventures (1948). These acts nationalized private power stations
and related transmission networks, and they suspended the previous patterns
of public–private cooperation in the field of electric power. This was considered
to be the only way toward a rapid electrification of the country and to build-
ing a unified power system. A new state enterprise, Energoobedinenie, would be
responsible for the generation, transmission, and distribution of electric power.
Another agency, Elprom, was to absorb electrotechnical manufacturers. An elec-
trical power construction trust, Energostroy, was responsible for constructing,
upgrading, and maintaining power plants, transmission, and distribution net-
works. Finally, the state bureau Energohydroproject would work on electric power
design and R&D.13 All energy companies and institutions were placed under
the administration of the new Ministry of Electrification, Water, and Mineral
Wealth (Ministerstvo na Elektrifikaciata,Vodite i Melioraciite). The idea to nation-
alize and centrally manage the energy sector was developed in the framework
of the first Two-year Plan for Economic Development (1947) and was aimed at
relieving the continued strain on developing heavy industry caused by energy
shortages.14

The power industry was nationalized more smoothly than other sectors. There
were three main reasons for this. First, German philosophies of electrification had
already introduced and paved the way for the notion of public electrification and
publicly owned facilities. By 1944, privately owned electric power stations pro-
vided only 17.5 per cent of all electricity. Second, the majority of Bulgarian engi-
neers, graduates of Central and Western European engineering schools, favored
public intervention in the energy sector and did not oppose nationalization.
Third, during the early years of the communist period, the Bulgarian authori-
ties preserved the pre-communist technical intelligentsia (with a few exceptions,
which will be discussed below), suddenly in such great demand due to the new
plans for the large-scale industrialization of the country. An additional motive
for protecting this group of engineers was that, at least in the field of elec-
tric power, the majority of engineers favored the public ownership of power
facilities and transmission networks. As a consequence, many leading Bulgarian
engineers, who had previously worked in the country’s private and public electric
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power enterprises, now became involved in the development of the nationalized
electricity infrastructure.

Technological choices

There was, however, no consensus about the choice of a specific technological tra-
jectory. As noted above, under the first ministers of electrification, Traycho Kostov
and Manol Sakelarov, the “inherited” pattern of electrification was seen as most
appropriate for the Bulgarian situation. Further electrification, according to Kostov
and Sakelarov, should exploit the availability of relatively small, local hydropower
resources. This would allow an electrification pattern in which Bulgaria could
remain largely independent from other countries, since power sources as well as
technological expertise were available domestically.
When Georgi Dimitrov, a former chairman of the Third Communist Interna-

tional who had just returned from the Soviet Union, was appointed primeminister
in 1948, he found these early efforts of communist electrification ill-organized
and fragmented. The recent construction of some 30 thermal and hydropower
plants, transformer substations, and new transmission lines after 1944 was dis-
missed as highly unsatisfactory. Moreover, Dimitrov considered the small scale
of these power plants to be “a mistake.” In fact, this view was suggested by
Stalin’s fear of the strong nationalist stand of Traycho Kostov, who championed
Bulgaria’s relative independence from the Soviet Union. As Richard Staar points
out, Stalin was shocked by the developments in Tito’s Yugoslavia and became sus-
picious of all Bulgarian communists who had spent the war in their own country
rather than in the Soviet Union. Thus Kostov was accused of being a Titoist con-
fronting Stalin, and was executed after an arranged show trial.15 The accusations of
reliance on relatively small power stations based on national resources were justi-
fied only in the light of the Soviet-imposed rapid industrialization, which favored
heavy industry. Because the country lacked the necessary resources for this, how-
ever, industrialization took longer, incurring a high price and remaining largely
inefficient.
The trial against Kostov marks a turning point in the history of Bulgarian

electrification. Henceforward, a “policy of accelerated electrification” was pur-
sued, the Soviet model of building large and powerful electric power stations was
adopted, and intensive collaboration with the Soviet Union took center stage.
As Dimitrov made clear, the country needed large-scale technology. Since Bulgaria
lacked the specialists and scientific expertise to build very large power plants, close
cooperation with the Soviet Union was necessary. Bulgarian power engineers were
to step back from their leading positions.
Electrification did indeed accelerate. The early 1950s saw the creation of a

Bulgarian national grid. This happened in connection with several large (thermal
and hydropower) projects initiated with the help of the Soviet Union. The effort
was strengthened by the Second General Plan for Electrification, which was devel-
oped in collaboration with the Soviet Ministry of Electrification and launched in
1954. Furthermore, in 1955, Bulgaria signed an agreement with the Soviet Union
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Table 5.1 Installed capacity in the Bulgarian electricity system, 1955–65 (MW).

Year Thermal Hydro Nuclear Total

1955 298 134 – 432
1960 380 475 – 925
1965 1357 770 – 2,127

Source: Spirov 1999.

for “mutual help” on nuclear technology (see further below). Other exchanges
included the provision of specialists, consultation, and machinery from the “Big
Soviet Brother.” Until the department of electric power at the Technical University
of Sofia (Sofiiska Politehnika) became a full electrotechnical faculty in the mid-
1950s, Bulgarian students were sent to Soviet technical colleges to study power
and heat engineering.
As a result of all of this, by the mid-1950s about 70 per cent of all Bulgarian set-

tlements had been electrified. Electrification of the country was virtually complete
by 1960. The total installed capacity had increased almost sevenfold to 900 MW
(up from 130 MW in 1944; Table 5.1).

Continued electricity shortages and the quest for transnational
interconnection

The accelerated development of heavy industry, coupled with the process of rapid
urbanization, continued to demand ever-increasing amounts of power. From 1948
to 1960, Bulgarian industrial output increased by a factor of six, and the annual
industrial growth rate of 16 per cent was one of the highest in the world. The share
of industrial workers in the total workforce increased from 9.5 to 22.7 per cent.
By 1960, large industrial enterprises provided some 34 per cent of GDP. This
massive industrialization process came with a mass exodus of people from rural
to urban areas, and the urban population grew from 25.7 per cent in 1946 to
64.8 per cent in 1985.16 Although the electric power system grew at an impres-
sive pace, the demand for electricity to power industrialization and urbanization
grew even faster. Bulgarian officials gradually realized that the Second General
Plan for Electrification of 1954 would fail to meet the new demands. Top-level
politicians interpreted the country’s vulnerability in the electricity sector as a per-
manent electric power shortage holding back the development of heavy industry.
Pending further action, power authorities coped with the situation by rationing
electricity – by sector, region, and time of day.
In terms of long-term planning, the problem, as described by the officials, was

seen to lie in Bulgaria’s failure to develop a strong electricity industry based on
local resources.17 As centralization and reliance on larger units, pursued from the
late 1940s, had proved insufficient, new strategies were needed. Again, solutions to
the problems were sought in the direction of stronger cooperation with, and thus
dependency on, the Soviet Union and COMECON. These transnational relations
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now entered a new phase. Besides continued exchanges of knowledge, machinery,
and resources to strengthen electricity production in Bulgaria, efforts were stepped
up to cooperate on a transnational power grid.
The construction of transnational power lines had thus far been negligible.

In 1950, Bulgaria acquired its first cross-border power line, a 60 kV cable across
the Danube River connecting the Bulgarian town of Russe with the Romanian
town of Giurgiu (Gurgevo) on the opposite bank. This link, however, was of only
local importance and preceded the construction of an integrated national grid by
several years.
More far-reaching transnationalization efforts were planned in the framework of

COMECON. This was created after a meeting between Bulgaria, Hungary, Poland,
Romania, the Soviet Union, and Czechoslovakia in January 1949. The main tasks
of the meeting were

to achieve greater economic cooperation between countries with a people’s
democracy and the Soviet Union . . . the meeting considered the necessity to
establish a Council for Economic Assistance by representatives from the coun-
tries participating in the meeting, on the basis of equal representation, with the
task of exchanging economic experience to provide technical assistance to each
other, for mutual assistance with materials, supplies, machinery, installations,
and such.18

During its first years, this cooperation took the formal shape of bilateral agree-
ments with the Soviet Union. The outcome in terms of transnational power lines,
however, was judged to be disappointing, so that for the time being it was uncer-
tain whether the socialist countries would be able to link up their electricity
systems.19

In 1956, however, the COMECON established a Commission for Electric Power
Exchange and Utilization of the Hydropower Potential of the Danube, a body that
was transformed into the Standing Commission on Electric Power (Postoiannaia
komisia po elektroenergia) in 1959. Guided by this commission, cooperation
on delivery of power among the member states began in earnest. An already
existing power line between Hungary and Czechoslovakia became the basis
for future extensions. In 1960, Poland and the German Democratic Republic
(GDR) joined their grids to these two countries. The next step was the cre-
ation of a first link between the electricity systems of the Soviet Union and its
Eastern European satellite states. This succeeded in 1962, when the connection
Mukachevo (Ukraine)–Schaioseged (Hungary) was taken into operation.20

The same year an agreement was signed in Moscow between the
COMECON member states (the Soviet Union, Poland, East Germany, Bulgaria,
Romania, Czechoslovakia, and Hungary), aimed at the creation of an integrated
power system (IPS) involving most of the socialist countries. This was part of a
broader COMECON effort to unify the economic plans of all of its member states.21

The IPS aimed for the creation of a transnational electric transmission network
between COMECON countries, and to strengthen mutual assistance among the
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partners. Bulgaria was eventually connected to the COMECON grid in 1967 via a
220 kV line to neighboring Romania (Boichinovtzi–Craiova). In joining the IPS,
Bulgarian engineers and communist leaders adopted a strategy to import large
amounts of electric power. In this way they aimed to combat the domestic power
crisis. To a lesser extent they also hoped to use the interconnected system as a way
to prevent blackouts in case of sudden, unexpected capacity shortages.

Reversing the salient (1965–75)

It seems today that Bulgarian power system is very well balanced – approxi-
mately 30 per cent nuclear, 55 per cent thermal and 15 per cent hydropower.
But to tell you the truth, I have no impression that one was consciously looking
for such proportions, since they naturally came from solving the acute problem
where we could supply equipment for the power stations . . .The sources were
second in order, although the Varna thermal power station was built after the
Soviet minister of coal industry signed a contract with Bulgaria that guaranteed
twenty years of regular coal supply from one of the Ukrainian mines. I remem-
ber how proud our Minister of the Power Industry Konstantin Popov was – he
was waving the document everywhere, this was a big achievement . . . 22

Thus Nikita Nabatov, a longtime investment manager in the Bulgarian power
industry, remembers the constant struggle to solve domestic power shortages. This
quote illustrates that in our second period (1965–75) the earlier crisis in terms
of electricity shortages had largely been solved. The outcome seemed rational,
balanced, and favorable: the new system was based on an impressive domes-
tic power production capacity, with diverse energy sources and solid integration
into transnational power grids. Yet Nabatov remembers the dynamics of this pro-
cess as a continuous “acute problem solving,” struggling to take into operation
new capacities in the system. Moreover, the quote touches upon changes in the
criticality of the Bulgarian power system; the enduring energy crisis was finally
solved but, in its stead, Bulgarian power authorities now needed to manage new
vulnerabilities stemming from increased dependence on the Soviet Union.

Coal and transnational relations

As for the expansion of domestic generating capacity, with the organizational and
technological help of the Soviet Union, East Germany, Czechoslovakia, and some
other COMECON members, several powerful thermal power plants were con-
structed during the late 1960s and early 1970s at Varna, Russe, Svishtov, Vidin, and
Gabrovo, and some smaller ones at other locations. These plants were designed to
be fuelled by rich anthracite coal from the Donbass industrial region in Soviet
Ukraine, which was imported to Bulgaria by way of the Black Sea and the Danube.
The new plants were built in close cooperation with the Soviet Union. The

new power station at Bulgaria’s ancient Black Sea port city of Varna, for instance,
was jointly designed by the Bulgarian R&D institute Energoproekt and the
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Moscow-based institute Teploenergoproekt. Most of the equipment was manu-
factured at the Taganrog machine-building plant in Ukraine. By the end of the
1960s the station possessed three 200 MW units, which made it one of the lead-
ing thermal power stations in the Balkan region. Later it was expanded to 1200
MW. Equipped with its own specialized coal port, the station was considered to be
an important means of compensating for the lack of high-quality coal sources
in Bulgaria. Apart from its convenient position on the Black Sea, its location
also facilitated the improvement of electricity supply in northeastern Bulgaria,
which up to then had remained underdeveloped in terms of electric power pro-
duction. At the same time, however, the operation of the plant was linked to a
vast dependency on the Soviet coal supply.
Equally important developments took place in southeastern Bulgaria. Back in

1953–4, Soviet specialists N. Mikhailov and S. Tzigankov from the Moscow All-
Soviet Institute of Heat Engineering had already devoted intensive efforts to
studying the Maritsa East lignite coal basin in this region. However, the properties
of the coal were not the most favorable: it contained a lot of water and sulfur, and
its heat value measured only 4000–7100 kJ/kg. As a result, the proposed power sta-
tion was expected to work at the margin of profitability. Moreover, it would have
to be supplemented by drying plants for the coal, which would consume part of
the heat produced.23

Nevertheless, the study suggested that a large thermal electric power station
should be constructed near the Bulgarian lignite fields. In September 1960 the
First Komsomolska thermal power plant (now Maritsa East 1) was brought online.
With several 50 MW units, it was a large plant even at this time. Later the plant
was enlarged by adding two 150 MW power units, which transformed it into the
biggest power plant in the country. In 1965 it produced 30 per cent of all elec-
tric power in Bulgaria. In 1969 a second lignite power plant, Maritsa East 2, was
inaugurated, consisting of four units with a total capacity of 660 MW.
The remarkable increase in thermal-power facilities based on low-quality lignite

with high levels of sulfur compounds soon worsened the environmental situation
in the southeast of the country. For more than two decades, acid rain and heavy
dust during windy periods became part of the lives of the local population. The sit-
uation did not improve until the 1990s, when most of the power-station chimneys
were equipped with filters to capture the dust and the most dangerous compounds
from the exhaust gases.
The First Komsomolska power station played a prominent role in the develop-

ment of thermal power in Bulgaria. As Professor Nikola Todoriev put it later, “it was
not only a pioneering plant in lignite coal utilization in Bulgaria, but it became a
real research center for the Bulgarian power industry and its main center for train-
ing specialists in thermal power production. Most of our best experts in the field
have been trained there.” In the early 1960s, experimenting with technologies
adopted in the First Komsomolska, Professor Yakimov, in collaboration with his
disciples Ivan Tchorbadjiiski and the abovementioned Nikola Todoriev, set out to
develop an improved version of the original burning technology that eliminated
the necessity of drying the coal and significantly increased the heat yield.
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According to Hristo Todoriev, son of Nikola Todoriev and also a professor of
electric power engineering at the Technical University of Sofia, the initial idea
that sparked these innovation activities came from the lignite coal power plant
at Kozani in northern Greece, whose construction had begun in the 1950s. This
power plant, located not far from the Bulgarian border, was built by the German
electricity giant RWE (see Chapter 6). RWE used more modern and efficient fan
mills for the coal than the Bulgarians did. To test the applicability of the tech-
nology to the less favorable properties of the Maritsa East lignite coal, in the
mid-1960s, several trains loaded with Bulgarian lignite coal were sent through
the Iron Curtain to Kozani for an experiment and burned by a team of Bulgarian,
(West) German and Greek engineers.24 Returning to Sofia with the data, Todoriev
and I. Tchemedjiev developed a technology that replaced the existing hammer
mills for coal with highly efficient fan mills, opening the door to the construc-
tion of larger power-generation units. As it turned out, these innovations radically
decreased costs and rendered Bulgarian lignite power plants among the most effi-
cient at the time. Apart frommaking the coal-drying plant unnecessary, the energy
needs of the thermal plant proper decreased from 14 per cent to 10 per cent.
For our story, it is important to stress that this innovation project counter-

balanced some of Bulgaria’s dependence on the Soviet Union. First, it utilized a
domestic energy source. Second, the new innovations made it possible to further
expand the use of this fuel in the electricity system. Subsequent power stations
such as the Bobov Doll thermal power plant (1971–1975) in southwestern Bulgaria
were designed to operate with domestic lignite as well as imported hard coal.25

In that way the domestic lignite and coal could substitute for imported coal in
case Soviet coal imports were disrupted.
According to interviewed witnesses, the regained autonomy in thermal power

production raised concerns among the Soviet leadership. The Bulgarian Black Sea
and Danube power plants, which still used imported Soviet coal, were seen to
“calm” these concerns. Balancing these two types of vulnerability – import depen-
dency and the risk of provoking Soviet concern – became an explicit political
strategy: when Todoriev was appointed the new minister of the power industry
(Ministerstvo na elektrifikaciata) in 1976 he expressed his fears that further devel-
opment of Maritsa East power complex might give rise to problems in Bulgaria’s
relations with the Soviet Union. However, Bulgarian party leader Todor Zhivkov
replied: “Your duty is to defend Bulgarian interests; there are other people in the
Politburo who take care of the Bulgarian-Soviet friendship.”26

An important aspect of the cooperation with Greece in connection with the
development of new lignite technologies was that it inspired further knowledge
and specialist exchanges across the Iron Curtain and the accumulation of domestic
expertise. At least in the field of electric power, the Iron Curtain turned out to be
permeable. In the late 1960s the Greek-Bulgarian exchanges were followed up by a
visit to Bulgaria by a delegation of US power engineers, who wished to learn more
about the experiences gained by the Bulgarians in burning such low-quality coal.
A few years later a Bulgarian delegation returned the visit.27 Out of these visits
in the early 1970s a Research Laboratory for Power Technology was established at
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the Technical University of Sofia, financed under a special contract with the UN
Development Program. For almost two decades this laboratory served as the main
channel for scientific exchange with the West. Bulgarian engineers thereby also
developed extensive relations with relevant research centers in West Germany,
France, Spain, and other capitalist countries.28

In terms of technological style, participants in the lignite technology project
remember that deviations from the original Soviet design were not easy to push
through, given the undisputed prestige of Soviet experts, practical problems, and
political sensitivities. Yakimov, who had lived in the Soviet Union in the 1930s
and 1940s, including a period imprisoned in a gulag, had to use his political cap-
ital from the pre-Second World War period and his prestige as the first Bulgarian
professor of heat technology to convince the Bulgarian political leadership of the
advantages of improving on the Soviet designs used in the first version of lignite-
fueled power production at Maritsa East. There were practical complications, too –
the proposed innovations necessitated further changes in the construction of the
combustion chambers, which were produced in the Soviet Union. Still, the polit-
ical sensitivity of this seemingly technical problem was revealed when in the
mid-1960s Nikola Todoriev, Yakimov’s successor, was told to report on the pro-
posed design changes at a meeting with the Politburo of the Soviet Communist
Party. Todoriev realized that he would risk serious prosecution in the case of fail-
ure. Eventually the technology worked well, which paved the way for him to be
appointed minister of the power industry in 1975.29

Bulgarian nuclear relations

In parallel with the development of lignite power plants, Bulgaria took its first
steps into the nuclear era. Nuclear power was seen as another response to the coun-
try’s vulnerability in terms of energy shortages and its dependence on imported
coal, and it was also a matter of national pride.
Nuclear developments in Bulgaria started through bilateral agreement with the

Soviet Union, signed in 1956. It foresaw the construction of an experimental
nuclear reactor, IRT–1000, near Sofia. The reactor was built by Soviet specialists
and went critical for the first time in 1961.30 This was followed in 1966 by another
bilateral Soviet-Bulgarian agreement on the construction of a full-scale nuclear
power plant in the country.31 For the next three years, however, no concrete steps
were taken to construct such a plant. This was partly because the project was con-
sidered to be controversial. The minister of the power industry, Konstantin Popov,
was hesitant because of the lack of qualified personnel, experience, and sufficient
funding. Moreover, he believed that the technology was still not mature enough.32

A turning point came in late 1969. Without informing Popov, a number of
high-level representatives at the Ministry of the Power Industry, supported by a
Politburo member who was also deputy chairman of the Council of Ministers
(Ministerski savet) and minister of building works (Ministerstvo na stroitel-
nite raboti), Pencho Kubadinski, ordered the beginning of construction for the
first reactor. Ground was broken on October 14, 1969. At the plenum of the
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Communist Party held a month later, the defenders of the nuclear idea thus pre-
sented the other officials with a fait accompli.33 The debate about whether or not
Bulgaria should have a nuclear plant came to an abrupt end.
The plant was similar to the ones built in the GDR (Greifswald) and in the

Soviet Union (Novovoronezh), which had been constructed a few years before the
Bulgarian one.34 In Bulgaria the power plant was built at Kozloduy on the Danube,
just at the Bulgarian-Romanian border. According to the agreement between the
Soviet Union and Bulgaria, the Soviet Union provided a loan to pay for the plant
at a highly favorable interest rate of only 2 per cent.35 In response to the urgent
need for nuclear specialists, between 1969 and 1975, more than 150 students were
sent to the Soviet Union to study nuclear engineering, sponsored by the Bulgarian
government. Some of them attended courses at the Moscow Energy Institute
(Moskovskii Energeticheski Institut) for four years as regular students, while oth-
ers were sent to Novovoronezh nuclear power plant for one year or six months of
training. Another group of 40 specialists went to the GDR to attend seminars at the
nuclear plant there. After 1971 a directive from the Council of Ministers obliged
all nuclear specialists to attend educational courses at the Bulgarian experimental
reactor.36 In 1973 the first group of students that graduated in Moscow returned
to Bulgaria, where the preparations for running the first reactor were under way.
The Bulgarian nuclear power plant used mainly Soviet technology, and for this

reason the project was carried out by the Russian state firm Teploelektroproekt.37

The Bulgarian R&D and design institute Energoproekt played an auxiliary role,
designing some subsections of the blocks. However, Bulgarian specialists under-
stood that Soviet nuclear technology lagged behind that of the West and that
there were security risks involved. In that sense it was also a risky decision
for Bulgaria to establish the nuclear power plant. With its signature of the
Non-Proliferation Treaty in 1972, the country’s opportunities for international
collaboration increased. However, the International Atomic Energy Agency (IAEA)
did not significantly influence the construction of the nuclear power plant.38 For
example, most of the IAEA experts who inspected the Kozloduy plant were in real-
ity Soviet specialists. Western authorities rarely visited Eastern European nuclear
sites.
The plant’s first block was taken into operation in 1974 and the second in 1975.

Before long the first accidents occurred. The danger of a sudden shutdown of
some of the big 440 MW nuclear power units was new to the system and added
a new notion of vulnerability to the Bulgarian energy grid.39 This was coupled
with the new threat of radioactive pollution in case of accidents in the reactors’
active zone. Hence with the launching of the Kozloduy nuclear power plant the
inherited notion of criticality was radically redefined; from then on, the problem
of nuclear safety gradually emerged as a key issue.

Expansion of transnational links

The third element in overcoming the domestic energy crisis, in addition to the
expansion of lignite and nuclear power, was the strengthening of transnational
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electricity links so that power could be imported. In 1965 a 220 kV transmission
line from the Soviet Union through Romania to Bulgaria was inaugurated, the
purpose of which was to import Soviet electricity.40 In 1972 a more powerful, 400
kV transmission line to the Soviet Union was built, crossing the border in the
northeastern part of the country.41 This connection made it possible for the coun-
try to import significant amounts of energy from the Soviet Union. In 1974 this
amounted to 15 per cent of total domestic consumption. In the years that fol-
lowed, the import of electricity directly from the the Soviet Union decreased and
stabilized at about 4.5 TW/h annually.
In conclusion to this section, the criticality and vulnerability aspects of the sec-

ond period could be framed along two lines. According to the first line, during the
period 1965–75 the notion of connectivity/availability was still dominant. This
was true despite the fact that during this period the Bulgarian electricity system
grew to become one of the largest in the Balkan region. The growth in consump-
tion was absorbed through the establishment of some specific industries (such as
petrochemical, steel production, and electrified railways) and the growing use of
electric power for heating the large, newly built apartment houses in the cities
(Tables 5.2 and 5.3).
According to the second line, the period marked the strengthening of

interconnections and interdependencies with the Soviet Union and COMECON.
In this context an important new trend was that Bulgaria’s dependence on Soviet
specialists, technologies, and raw materials was balanced by the development of
indigenous technologies and the increased utilization of local resources. Yet the
successful electrification and accelerated development of the Bulgarian electric-
ity system undoubtedly owed much to the close cooperation with the Soviet
Union, and most of the power plants were built with the support of Soviet spe-
cialists and R&D institutes, while relying on Soviet technology and equipment.42

Table 5.2 Specific consumption of electric power in Bulgaria, Greece, and
Yugoslavia, 1939 and 1970 (kWh/person).

Country 1939 1970

Bulgaria 42 2298
Greece 55 1117
Yugoslavia 75 1278

Sources: Bulgarian Power Industry. Annals and Energetika.

Table 5.3 Installed capacity in the Bulgarian electricity system, 1970–5 (MW).

Year Thermal Hydro Nuclear Total

1970 3264 814 – 4075
1975 4312 1720 880 6912

Source: Spirov 1999.
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Although the system managed to provide electricity for the national economy, it
thus remained critically dependent on Soviet technology and resources.

Grid optimization and the emergence of a Balkan power hub
(1975–89)

On the evening of March 4, 1977, a powerful earthquake struck the region
of Vrancha, southern Romania. The epicenter of the earthquake was only 300
kilometers from the nuclear power plant Kozloduy. The chief engineer on duty
was Borislav Dimitrov, who immediately reacted and shut down the plant. Most
of the citizens from the nearby town arrived to provide any necessary first aid.43

In the third period analyzed in this chapter, starting in the mid-1970s, the prob-
lem of the stability of electric infrastructures became crucial. We call this last
stage the “optimization” of infrastructure. This period saw a continuation of the
trend, discussed above, of Bulgaria’s increasing emancipation and autonomization
of the system vis-à-vis the Soviet Union, and the country’s transformation into a
key regional actor in the Balkans. Through the Kozloduy nuclear power plant,
Bulgaria became the 11th country in the world to use nuclear power commer-
cially, and the seventh to launch operation of a 750 kV transmission line. If we
take into consideration the residential area and the population of the country, it
is not surprising that Bulgaria encountered rich opportunities to become a power
hub in the Balkans. This was made possible through three pillars of the system –
the Kozloduy nuclear power plant, the Maritsa East thermal power complex, and
the Chaira pumped storage hydropower plant, together with the strong electric
power transmission lines connecting it with the COMECON countries, and at the
same time, the newly built links with neighboring countries outside COMECON
(Table 5.4).
The process of “optimization” can be said to have started in 1977, triggered by

the earthquake near Kozloduy. The technology at the nuclear power plant survived
the earthquake without significant damage, but the event caused the government

Table 5.4 Installed electric power and electricity consumption in Bulgaria and other
countries, 1989.

Country Population
(millions)

Installed power (GW) Consumption
(TWh)

kW/
person

kWh/
person

Total TPP HPP NPP

Belgium 9.9 4.1 7.2 0.1 5.5 66.5 1.42 6680
Greece 10 9.0 6.7 2.3 0 35.5 0.9 3550
Denmark 5.2 9.1 6.7 2.3 0 32.8 1.9 6370
Netherlands 15 17.6 16.9 0.25 0.5 81.1 1.17 5410
Bulgaria 8.6 11.7 6.9 2.0 2.8 45.9 1.36 5340
EC 327 435 252 81 102 1806 1.33 5521

Source: Spirov et al. 1998, p. 344.
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to set up a financial plan to improve the plant’s safety system. This improvement
process, as it turned out, opened up a unique opportunity for Bulgarian energy
organizations to gradually revive their institutional links to Western countries –
for example, by purchasing know-how and components from Germany, Japan,
and the United States. Also, Western standards for better seismic indexes were
imported, although this delayed the completion of the third and fourth reactor
blocks at Kozloduy to 1980 and 1982, respectively. A criterion when working out
the original plans had been that the reactor blocks had been able to withstand
an earthquake with a maximum strength of 5.4 on the Richter scale. The new
hydro shock absorbers that were imported from Japan, however, complied with
the worldwide standard of 7.5 Richter. The 1977 earthquake had measured 7.2.
It took a long time to deliver and install these hydro shock absorbers, and the
engineers needed time to deploy the imported devices.
The strengthened contacts with Western industry were linked to improved tech-

nological capabilities in Bulgaria itself. Imports of advanced Western equipment
were combined with a decreasing number of Soviet nuclear specialists work-
ing in Bulgaria, and with a growing role for Bulgarian industry. The Bulgarian
electrotechnical industry now produced most of the equipment, such as high-
voltage switchgear, circuit breakers, on-load tap changers for large transformers,
high-voltage asynchronous electric motors, and synchronous electric motors for
nuclear power production.44 Indeed, the industry started to export electrical
equipment to foreign markets and the production of appliances under license
of Western companies was launched.45 Moreover, Bulgarian engineers now con-
tributed to electrification projects abroad – in Lebanon, Pakistan, Syria, Vietnam,
Kuwait, and later Nigeria, the Soviet Union, Nicaragua, Malta, Jordan, Iraq, Iran,
Egypt, and Bangladesh.46

Also, as we have seen, the large Maritsa East lignite-thermal complex was an
important step in strengthening the country’s competencies and autonomy in the
field of electric power. It was explicitly considered as providing the country with
greater autonomy, while it also enabled export of technological know-how. The
Maritsa East thermal power plant contributed to the development of thermal tech-
nology in Romania, Czechoslovakia, Spain, and other countries.47 In the 1960s, as
we have seen, the three thermal power plants in the Maritsa East complex pro-
duced a third of all electricity in Bulgaria. By the 1980s, however, the balance
between local and imported raw coal had been inverted, so that just 30 per cent
of the coal used for electricity production was imported.
On the other hand, this build-up of domestic technological capabilities did not

bring collaboration with Soviet partners to a full stop. In the early 1980s another
two state-of-the-art nuclear reactors were commissioned from the Soviet Union.
With an output of 1000 MW each, they were much more powerful than the earlier
four 440 MW reactors, and they were the first 1000 MW blocks to be built outside
the Soviet Union. These immense reactors went critical for the first time in 1987
and 1991, respectively. However, the planning and operation of these new blocks
took place largely without Soviet help, a fact that gave rise to great pride in both
Communist Party and engineering circles.48
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The new 1000 MW nuclear blocks significantly increased the Bulgarian power
supply. In stark contrast with the earlier periods of constant structural shortages
of electricity, Bulgaria now had more generating capacity at its disposal than it
could use domestically. After the introduction of the two 1000 MW reactors at
the Kozloduy nuclear power plant, the total capacity of this plant grew to 3760
MW. In addition, a second, brand-new nuclear power plant with two 1000 MW
reactors (at Belene) was being planned.49 However, the installation of the new very
large power blocks gave rise to new demands for stabilization of the power system.
Solutions to this problem were devised that rested on the development of new
national and transnational capacities. Nationally, the efforts were concentrated
on a new pumped storage hydropower plant, Chaira. The transnational capacities,
for their part, took the form of new cross-border transmission lines. These are
discussed below.

Hydropower cascades, balancing the system

As part of the strategy for emancipating the Bulgarian electricity system, Bulgarian
system-builders embarked on the construction of powerful hydropower cascades
with pumped storage technology. The first of these were the facilities of Dospat-
Vacha and Belmeken-Sestrimo,50 built in the Rila-Rhodopes mountains and col-
lecting waters by way of a long headrace and tunnels. The plants were developed
in consideration of the growing nuclear capacities and the specificities of lignite
coal burning technology at Maritsa East, where the low heat yield meant that no
significant variations in power production could be tolerated. Similar to nuclear
power plants, the thermal power plants were unable to respond rapidly to daily
variations in power consumption. The new hydropower cascades, where electricity
production was more flexible (see Chapter 8, this volume), were designed to opti-
mize the operation of the thermal and nuclear base load plants, and to improve
key technical parameters of the Bulgarian grid system. Significantly increasing the
efficiency of the entire system, they also marked the next attempt to emancipate
from the Soviet Union in the field of electric power generation.
From the early 1980s the first two hydropower facilities in the Rila-Rhodopes

mountains were no longer seen as sufficient to stabilize the system. Against
this background, Bulgarian engineers proposed and designed a new, much larger
pumped storage hydropower plant in order to increase the capacity of the exist-
ing Belmeken-Sestrimo cascade. It was to be used as a source of quick replacement
capacity for any lost generating capacity, thus providing for flexibility of operation
and reliable handling of peak loads in the overall electricity system of Bulgaria and
the region. The Chaira plant was designed by specialists from the Energoproekt
Institute. In contrast with the case of the Maritsa East thermal power complex,
however, Bulgarian system-builders took the decision not to develop the technol-
ogy on its own but to rely on already existing foreign technology, albeit with the
participation of Bulgarian enterprises. In the 1980s a contract with Toshiba was
signed for the first (of four) 200 MW pump turbines and motor generators. The
main equipment was to be delivered and installed by Japanese engineers, while the
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remaining auxiliary equipment and devices were to be produced by the domestic
electrotechnical industry and, accordingly, handled by Bulgarian engineers. The
last three pump turbines were completed only after the fall of the communist
regime.51

Transnational connections: From COMECON to
non-COMECON partners

The Kozloduy nuclear power plant, the Maritsa East thermal power stations,
and the Chaira pumped storage hydropower plant were all important steps
through which Bulgaria increased its relative independence from Soviet energy
resources and technology. Equally important for stabilizing the system and coun-
tering vulnerability, however, was the strengthening of the national high-voltage
transmission grid as well as the development of new transnational connections.
As mentioned in the previous section, Bulgaria had been connected with the

Soviet Union through a 400 kV line since 1972, allowing Bulgaria to import large
amounts of Soviet electricity. In the 1980s this link was expanded to 750 kV as
part of a wider effort to strengthen the COMECON’s IPS.52 The connections with
Romania were also strengthened through the construction of a new 400 kV line
across the Danube in 1986, linking the Bulgarian nuclear power plant at Kozloduy
with the Tzantzareni substation in Romania.
The 750 kV transmission line went from a nuclear power plant in southern

Ukraine through Romania to a substation at Varna in Bulgaria. Construction began
in 1982 and the line was inaugurated on May 4, 1988. Romania expected 3–4 bil-
lion kWh of imported power from the Soviet Union and for that reason agreed
to build the facilities on its territory. Bulgaria had to pay Romania for the use
of its territory to transport electricity. The agreement between the two countries
also included flows of electricity through other connections, which reduced the
losses.53 This scattered the Soviet flow somewhat, but still there were no regular
flows from the satellites to the Soviet Union. These existed only in the case of
blackouts. Much more important than preventing blackouts in the Soviet Union,
however, was the fact that the new, immensely powerful link was designed to
stabilize the Bulgarian power system, which was soon expected to have several
new 1000 MW nuclear reactors in operation. The Soviet-Romanian-Bulgarian con-
nection was to serve as a regulator for Bulgaria’s power system in case of the
emergency shutdown of a 1000 MW nuclear reactor. The new line also provided
greater opportunities to import electricity from the Soviet Union. The project gave
rise to pride among Bulgarian engineers, since there were only six other coun-
tries in the world that operated such powerful transmission lines. The section on
Bulgaria’s territory was built by local engineers.54

Through cooperation within the Standing Commission on Energy within the
COMECON and the operation of the IPS, electricity production in the European
COMECON member states increased by 6.7 times in the period 1955–80, and con-
sumption per capita exceeded the average world level by 2.0 times.55 Towards the
end of the 1980s, Bulgarian electricity consumption amounted to 5300 kWh per
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capita, which was roughly at the same level as England, Denmark, or France, and
by far outstripped that of its Balkan neighbors.56

During its 25 years of existence, the IPS of the COMECON managed to put in
operation 4 transnational 750 kV lines, 20 lines at 400 kV, and 10 lines of 220 kV,
connecting about 170,000MW of installed capacity. Eventually it created a reliable
interconnected system comprising a territory of 1,628,000 km2 with a population
of more than 150 million (Figure 5.1).
The system played an important role in strengthening local economies and

improving stability. But it was also a source of instability since it did not work with
precision. There were frequent complaints about the lack of more sophisticated
technical support and better coordination between the members. The automation
devices produced by COMECON members were not able to satisfy the demands

Figure 5.1 United electricity systems of the European COMECON countries.
Source: Griniuk 1981, p. 53.
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of the grid. They often collapsed, resulting in irregularities in power transmission.
The problems increased with the establishment of 750 kV lines. Studies reveal that
the situation improved only from the mid-1980s, when the first computer tech-
nology was introduced into the monitoring and management of the system. From
this perspective, Bulgaria, through its links with other COMECON countries, was
involved in a vulnerable cooperation.
In parallel with its involvement in COMECON cooperation, Bulgaria proceeded

to develop links to non-COMECON countries. Since the Bulgarian electricity sys-
tem, as noted above, was more powerful than that of any of its Balkan neighbors,
the latter showed an interest in linking up with Bulgaria as a means to improve
the stability of their domestic systems, and possibly to import electricity from
Bulgaria as well. Bulgarian actors, for their part, saw a possibility not only to fur-
ther increase the stability and efficiency of the country’s system but also to become
an electricity hub in the Balkans. This idea was supported by a study financed by
the UN Economic Commission for Europe, carried out in the late 1970s. The study
argued that the country could become an electric power center in the Balkans, and
it was met favorably by the top political leadership.57 The idea was also indirectly
supported through discussions within the COMECON, whose Standing Commis-
sion presented a report in 1980 dealing with the prospects for connecting the
COMECON grid with the UCPTE grid in Western Europe. Bulgaria, sharing borders
with three non-socialist countries, supported the idea.58

The actual development of connections to non-COMECON countries began
back in 1975 through the construction of a 400 kV link to Turkey. The pur-
pose of this line was to export Bulgarian lignite electricity. From 1975 to 1985,
one of the 210 MW units at Maritsa East 3 was permanently connected to the
Turkish power system. Since Turkey had different electricity standards, the Turkish
region bordering on Bulgaria was, as a matter of fact, isolated from the rest of
the Turkish territory, with its electricity system synchronized with the Bulgarian
system. In 1985, however, an international crisis erupted when Bulgaria unexpect-
edly cut exports in order to cover domestic needs. According to H. Hristov, deputy
director of the plant at that time, this was the first blow in the relations between
the two countries in the field of electric power. H. Todoriev claims that instead
of cutting the supply, Bulgaria could have shut down several 40 MW electric steel
furnaces. However, the party leadership preferred to break the international agree-
ment rather than to jeopardize planning targets with regard to steel production.
During the following years, Turkey, lacking other options, continued to import
Bulgarian electricity, but Bulgarian-Turkish electrical relations continued to suf-
fer from irregularities. Eventually, Turkey built several natural gas power stations
on its European territory, thus reducing its dependence on Bulgarian electricity
deliveries.
The same year as the Bulgarian-Turkish connection was built, in 1975, a 220

kV connection was established with Yugoslavia (from Stolnik near Sofia to Nish
in Serbia). This link was later upgraded to 400 kV. At the same time the first
connection with Greece was designed, in the form of a 400 kV link. It went oper-
ational in the early 1980s, connecting the Bulgarian town of Blagoevgrad with
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Thessaloniki. In the 1980s an additional, smaller connection with Yugoslavia was
built. It took the form of a 110 kV link between the Bulgarian town of Petrich and
the Yugoslavian town of Strumiza, now in independent Macedonia.
Hence, in the mid-1980s, Bulgaria was connected by powerful transmission lines

to all of its neighbors, among them the Cold War enemies Turkey and Greece
and the non-aligned country of Yugoslavia. Being seen as expressions of easing
up European Cold War relations, these interconnections also brought significant
economic gains for Bulgaria. The country was able to export part of its surplus
electricity for highly valuable hard currency.

Conclusion: Becoming the power hub of the Balkans

The contemporary electric power sector of Bulgaria was established to a large
extent as a result of cooperation with COMECON countries and especially with
the Soviet Union. This meant giving preference to certain partners at the expense
of others, while it also created a strong dependence on Soviet energy resources and
technologies.
Yet this is a rather one-sided view, since although Bulgarian electrification took

place in the framework of the larger process of communist industrialization, the
country managed to develop a distinctive power infrastructure that eventually
allowed it not only to emancipate itself from almost total dependence on the
Soviet Union but also to become a key power actor in the Balkans (Table 5.5).
As we have seen in this chapter, from the late 1960s on, Bulgarian system-

builders followed their own line in power development, which allowed Bulgaria to
change the initial pattern of being a net importer of knowledge, technologies and
specialists to becoming an exporter in these fields. There emerged a creative and
original technical milieu in power-industry development, and far-reaching expe-
rience was gained through rapid development of thermal and hydropower, giving
rise to a considerable R&D, design, and production potential.
In addition, something very important happened after the collapse of commu-

nism. Rapid integration with the winners of the Cold War began in the field of
electric power, in particular in nuclear power. The improvement of safety con-
ditions in post-communist nuclear plants was top priority: within only a few
years, Western standards in operating such plants were introduced uncondition-
ally, monitored by the IAEA and backed by international funding for improved
equipment and (re)training. These measures improved the safety, stability, and
efficiency of the Kozloduy nuclear power plant. Between 2004 and 2007, however,

Table 5.5 Installed capacity in the Bulgarian electricity system, 1985–95 (MW).

Year Thermal Hydro Nuclear Total

1985 6508 1975 1760 10,913
1995 6550 2440 3760 12,750

Source: Spirov 1999.
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the first four reactors at this plant were shut down, as imposed during negotiations
for European Union membership.59

At the same time, in the early 1990s, a large surplus of electricity emerged due to
the economic crisis that followed the transition from an administrative to a market
economy and the corresponding rapid decline in industrial production. This was
especially pronounced in machine-building, electronics, and the electrotechnical
and military industries, among others. As it turned out, neighboring countries
were eager to swallow this surplus, and Bulgaria thus emerged as a major exporter
of electricity (Table 5.6; Figure 5.2).
Looking just at the data, one could conclude that during the post-communist

period the electricity sector became an oasis of development amid an extremely
turbulent period in Bulgarian economy and society. This is partly true, espe-
cially up to the beginning of this century, when the organizational structure of
the power system was preserved more or less intact and its operation remained
in the hands of technocrats. However, it, too, was not spared by the shadow
trends in post-socialist economies, including incompetent political intervention
and corruption, asset-stripping, and especially the gradual erosion of human
capital (dismantling of the R&D units, deterioration of technical education, and
emigration of some of the best engineers and professors).

Table 5.6 Electricity consumption in Bulgaria, 1960–94, by sector (percentage of
total).

Year Industry Households Others Total (GWh)

1960 53% 11% 36% 4685
1970 58.8% 13.2% 28% 19,616
1994 33.5% 25.6% 40.9% 28,860

Note: “Industry” includes metallurgy, chemical industry, light industry, and food-processing indus-
try. “Other” includes agriculture, transportation, communication, auxiliary consumption, and
transmission losses.
Source: Spirov 1999.
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Figure 5.2 Bulgarian imports and exports of electricity, 1975–2005 (percentage of total
production).
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Let us conclude by reassessing the question of the extent to which one could
speak of “Bulgaria as a power hub of the Balkans” and what kind of policies
made this possible. There were three different yet interacting processes during the
final decades of communist Bulgaria. The first, more specifically in thermal and
hydropower, preserved and developed local traditions and continuously aimed to
preserve some degree of autonomy, in terms of both resources and technology. The
main evidence includes the establishment of strong design and R&D capabilities,
which resulted in some original technology and decisions, such as the Maritsa East
thermal complex and the Chaira pumped storage hydropower plant.
The second tendency – most pronounced in the field of nuclear power and to

a certain extent in thermal power, especially at their earlier stages – was based
on close cooperation and almost complete dependence on Soviet technology,
resources and know-how. Although it also expanded the scope of its international
relationships with Western partners from the late 1970s on, Bulgarian nuclear
power remained closely bound to the Soviet Union during the entire period of
the study (and even beyond).
The third tendency was to expand transnational links through transfers of tech-

nology and know-how, even across the Iron Curtain, and the diversification of
transnational transmission lines in non-COMECON directions. During the final
period discussed in this chapter, Bulgaria extended its transnational electricity
links to the Soviet Union and Romania, linked up with Turkey and Greece, and
strengthened existing links with Yugoslavia. This, eventually, allowed Bulgaria
to become the most important electricity exporter in the Balkan region in the
post-Cold War period.
The process of becoming a power hub was contested and negotiated in a num-

ber of instances and resulted from the Bulgarian national strategy for developing
the power industry by tuning in to the long-term interests of the Soviet Union
and COMECON, and because of the innovative solutions devised by Bulgarian
engineers to compensate for insufficient local resources. By taking all of this into
consideration we may conclude that Bulgaria’s role as a power hub is a complex
and multidimensional concept – it should indeed be considered as a hub distribut-
ing electricity flows, a hub of power capacities, a hub of technological competence,
and a regional junction.

Notes

1. Compiled from interviews with experts in the power industry.
2. See Van der Vleuten and Kaijser 2005, pp. 21–48. See also Chapter 1, this volume.
3. Chapter 3, this volume.
4. Introduction by the editor. Spianie Energia i Voda, January–February 1951.
5. Spirov et al. 1998, p. 227.
6. Spirov et al. 1998; Georgiev et al. 2001.
7. Hughes 1983.
8. Georgiev et al. 1998.
9. Georgiev et al. 1998; Georgiev et al. 2001.
10. Spirov 1999.



154 Bulgarian Power Relations

11. Interestingly, a dam in the central northern region designed for over a billion cubic
meters ranked among the largest in the Balkans; it was ultimately built by Bulgarian
and Soviet specialists in the 1950s, thus constituting a technological continuity during
a regime change.

12. This specific criticality pattern of availability and connectivity could also be framed as
“user vulnerability”. See Chapter 1, this volume.

13. Spirov 1999, p. 46.
14. Spirov et al. 1998, p. 45.
15. Staar, 1982.
16. Hristov 2000; Mladenov et al. 2009.
17. Georgiev et al. 1998; Georgiev et al. 2001.
18. In the same year, Albania also joined the council, leaving it in 1962. During the follow-

ing decades, a few more states became part of the organization: East Germany in 1950,
Mongolia in 1962, Cuba in 1972, and Vietnam in 1978. In 1964, Yugoslavia made an
agreement with the organizational body to participate in its framework for shared value
issues. See Bulgarian Academy of Sciences 1981, pp. 347–348.

19. See Marer 1976.
20. Savenko et al. 1983.
21. Neporojni 1978.
22. Author’s interview with N. Nabatov, sustainable investment manager in the Bulgarian

power industry.
23. Todoriev 1982, pp. 5–7.
24. According to Professor I. Tchorbadjiiski, Maritsa East lignite coal was also burned

experimentally in Poland. Spending late 1960 in West Germany on an Alexander von
Humboldt fellowship, Tchorbadjiiski placed several sacks of Bulgarian lignite coal in his
car trunk, to be studied in the experimental burning chamber in the research lab there.
“I prepared my PhD based on the results obtained from this fellowship,” he recalled.
Author’s interview.

25. Todoriev 1982, pp. 17–18.
26. Todoriev 2001, p. 73.
27. Reminiscences of Nikola Todoriev, presented by his son, Hristo. As author of one of

the key innovations in the new technology of lignite coal burning, the young associate
professor, Nikola Todoriev, was personally appointed by then minister of the power
industry, Konstantin Popov, to guide the US delegation. As a member of the group of
Bulgarian experts returning the visit to the United States, he made several presentations
on principles of the new technology.

28. Todoriev 1982.
29. An interview with N. Nabatov confimed these events. He mentioned, however, a dispute

between N. Todoriev and Alexander Tzvetanski, head of another group of thermal power
engineers, who opposed the direct burning of the coal. He insisted that such low-quality
coal required preliminary enrichment to increase its yield. It is true, said Nabatov, that
in direct fan mill burning the coal does not burn completely, which means that more
coal is needed for any given amount of heat. Yet when the costs of enrichment are
calculated, it is not clear which technology is better, and obviously Todoriev managed
to prove that he was right. I still have some doubts, he said, that the final decision was
rather political and administrative, and not purely technocratic. Author’s interview with
N. Nabatov, sustainable investment manager in the Bulgarian power industry.

30. See Bulgarian Academy of Sciences 1986.
31. Lambov et al. 1981.
32. Author’s interview with former vice minister of electricity, Oved Tadjer. Nikita Nabatov

confirmed that some of the advisors to the Bulgarian Communist Party leader, T.
Zhivkov, were among the strongest supporters of nuclear power; he remembers a debate
with two of them in the late 1960s, who tried to convince him about the efficiency and
profitability of nuclear power stations.



Tchalakov et al. 155

33. Ground was broken officially on October 14, 1969, just a few weeks before the plenum.
Author’s interview with Oved Tadjer.

34. Materials about the role of the nuclear power plants in Eastern Europe come from
COMECON and other archives based in Bulgaria. See bibliography.

35. See Ministry of Foreign Affairs of the People’s Republic of Bulgaria and Ministry of
Foreign Affairs of the USSR 1971, pp. 419–424.

36. Reports to the Council of Ministers, 1971–3, Bulgarian Central State Archive,
DSO “Energy and Coal”, Inventory 565, file 1, N 88.

37. Lambov et al. 1981.
38. “Initial negotiations between IAEA and Bulgaria for concluding the Non-Proliferation

Treaty. Concluding the treaty”, February 3, 1972, Ministry of Foreign Affairs Archive,
Inventory 18, file 224.

39. Only two years after the establishment of the plant, a serious earthquake struck the
region where it was built. The earthquake changed the safety policy of the Bulgarian
government with regard to the new technology. The case is revealed in detail in the
next paragraphs.

40. The line was also linked to the COMECON interconnected power grid, with its cen-
tral dispatching organization in Prague. Information about the transnational links of
Bulgaria’s power system is from the journal Energetika, 1950–89.

41. In this particular period Moldavia was part of the Soviet Union.
42. TPP Sofia, TPP Maritsa 3, TPP Parva Komsomolska, TPP Maritsa East 2, TPP Dimo Dichev,

TPP Varna, and almost all of the hydropower plants.
43. Announcement in the newsletter “First nuclear station – Kozloduy”, no. 2, March

1977.
44. This production was of great significance for the development of the electric power

sector as well as for other industrial sectors, such as the machine building, chemical,
and metallurgical industries.

45. One of them was Swedish company ASEA (later incorporated with Brown-Bovery as
ABB). See Spirov 1999, p. 92.

46. Spirov 1999.
47. Although it was never patented, in the 1980s the technology was sold to power plants in

Spain and some other foreign countries. After the collapse of communism the Bulgarian
firm TOTEMA still owned some of the licenses, and obtained new orders from countries
like Australia and Indonesia. Author’s interview with Nikolay Ivanov, manager of the
power engineering company TOTEMA.

48. Author’s interview with engineer Mitko Iankov.
49. The Belene nuclear power plant was the next project for establishing an atomic power

station in Bulgaria. The project was started in the early 1980s. The station never went
operational, however. During the political changes in 1989 the project was abandoned.
This was also related to the advent of free public opinion in the state, which had been
deeply influenced by the Chernobyl catastrophe. The project was frozen for more than
a decade before it was again reconsidered as a potential perspective in the power field.

50. The full capacity of the Belemeken-Sestrimo cascade was reached after the completion
of the Chaira pumped storage power plant in the late 1990s. With its 1599 MW, it is the
most powerful hydroelectric cascade in Bulgaria today.

51. These were built in Bulgaria under Japanese supervision. Due to the financial difficulties
even before the fall of communism, in the late 1980s, Toshiba vitiated the contract and
construction was stopped. A few years later a compromise solution was found. Bulgaria
and Toshiba concluded a new agreement, according to which the Japanese company
handed over the documentation of the pump turbines and the motor generators that
it had produced for Chaira. In this way, a decade later, the construction of the Chaira
pumped storage hydropower plant was completed with a grant from the World Bank.



156 Bulgarian Power Relations

The Bulgarian manufacturers, Vapcarov (Pleven) and Elprom (Sofia), produced the other
three hydro aggregates, according to Japanese know-how and documentation.

52. Austria also profited from this cooperation because it received electricity from Poland
transported through Czechoslovakia, where it crossed the Iron Curtain.

53. “Protocol for the united power system of COMECON”, Central State Archives, Sofia,
fund 521, Inventory 4, file 228.

54. Sokolov 1988.
55. Neporojni 1981.
56. Todoriev 1988.
57. Todoriev 2001, pp. 73–74.
58. The report was discussed at the 57th meeting of the COMECON Standing Commission.

Several future directions for possible development of the united systems were dealt with.
One of the topics was the extension of the system and its connection to the Western
European grid. The Bulgarian representatives proposed such an extension and also men-
tioned the already existing transmissions to Turkey and Yugoslavia. The last of these
(Nish-Stolnik), according to their proposal, could be used to export power to Austria.
“Protocol of the Energy Minister for the 57th meeting of the Standing Commission on
Electricity Cooperation in COMECON,” Moscow, 1980, Central State Archives, Sofia,
Fund 521, Inventory 4, file 239.

59. The changes also helped with completion of the Chaira pumped storage hydropower
plant, which further stabilized the system.



6
Border-Crossing Electrons: Critical
Energy Flows to and from Greece
Aristotle Tympas, Stathis Arapostathis, Katerina Vlantoni,
and Yiannis Garyfallos

“A major geological surprise”: From the 1995 earthquake to a
transnational history of electric power infrastructure

“Dance of the Richters,” read the title of a half-page article in the May 12, 1995
issue of the popular Greek newspaper Nea (News). “There have been 30 earth-
quakes of over 4 on the Richter scale in the last 40 days in many areas of
Greece . . . the intense seismic activity of recent days has caused uneasiness, but
the seismologists reassure us that it is not an unusual phenomenon and that there
is no risk.”1 The earthquake that hit Greece the following day was unusual on
many levels. Makedonia (Macedonia), the newspaper with the largest circulation
in Northern Greece, called it “a major geological surprise.”2 The 6.6 Richter quake
had its epicenter at one of the few areas in Greece that was not considered seismo-
genic, near the city of Kozani. This was the largest city in the western part of the
Greek region of Macedonia.3

The newspaper reminded its readers that the Kozani area was also “the energy
heart of Greece, with 70 per cent of the country’s electricity produced there.”4

According to Nea, “the preparedness of the Public Power Corporation (PPC) pre-
vented a major blackout.” More precisely, instead “of lasting several hours . . . [it]
was limited to a few minutes of service interruption at many points in northern
Greece and other areas of the country.” These short blackouts were attributed to
“anomalies” in power switches at the Kozani Energy Center and the High Voltage
Center at Kardia. According to the Public Power Corporation there was no per-
manent damage to the four hydroelectric stations of the Kardia Energy Center.
To cover “the loss of 950 MW from this interruption, three hydroelectric units
were immediately put in operation.” This journalistic account of the blackouts
concluded by emphasizing that “Automatic machines and technicians had previ-
ously checked the safety of the installations and the dams, which is what they do
on a permanent basis as well.”5 The Greek power system had functioned well and
there was no further danger.
While confirming that the 1995 earthquake did not result in a devastating

blackout, engineers from the Greek Public Power Company’s (PPC) Departments
of Production and Transmission Studies diverged from journalists in explaining
why the Greek electric power network withstood the shock of the earthquake so

157
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well. In the narrative of the PPC engineers, too, the earthquake had caused an
“anomaly” at the Kardia Voltage Center near Kozani. Immediately prior to the
anomaly the total load of the Greek network had amounted to 4,215 MW, whereas
the total production was 4,016MW. The Greek network imported 100 MW from
Albania and 135 MW from the Former Yugoslav Republic of Macedonia (FYROM)
to cover the gap. Due to the disruption of several thermoelectric and hydroelec-
tric units in the Kozani area and the loss of the connection to Albania, the Greek
network lost 1150 MW and was about to face a general blackout. The Greek and
the Bulgarian networks were not yet synchronously connected when the failure
took place. It was the connection to neighboring FYROM that saved the Greek net-
work: with 835 MW (20 per cent of the total load) flowing in immediately after the
anomaly, the blackout could be limited to a few areas in Thessaloniki and Attica
that were intentionally cut off because 300MWwere still lacking. Once the general
blackout was avoided, all consumers were reconnected within 10 minutes. Hence,
“Despite the large size of the disturbance there were no further consequences for
the Greek system.”6

Thus, while Greek jounalists emphasized national resilience to disturbances, the
PPC engineers highlighted how Greece was rescued by its neighbors. And not just
any neighbor: FYROM was considered to be a hostile neighbor by many Greek
citizens and politicians. Since its declaration of independence from Yugoslavia
in 1991, the country was called Macedonia by most of its citizens and several
other countries, triggering Greek fears of territorial claims to the adjacent part of
Greece that was also called Macedonia. Hence the Greek, and later the United
Nations and European Union (EU), practice of calling the new country the For-
mer Yugoslav Republic of Macedonia. Evidently, however, the well-known political
tensions between Greece and FYROM did not prevent a rather unnoticed technical
link between the two countries in the form of electric power lines, which proved
its worth when the earthquake struck.
This largely unnoticed but critical link offers an example of what historians

have called the “hidden integration” of Europe.7 In the case of Greece, such hid-
den electrical integration began in the most adverse political environment. Two
power lines between Greece and Yugoslavia, one line between Greece and Albania,
and one line between Greece and Bulgaria were built despite the ideological and
political divisions of the Cold War. For about three decades, Greece received criti-
cal amounts of electricity from its Cold War enemies, not from its Cold War allies.
The Greek power authorities failed to build a direct link to Italy during the Cold
War. This link would have helped Greece to avoid a dependency on countries
belonging to the other side of the Cold War camp, but it was deemed techni-
cally and financially problematic. Neither did Greece connect to Turkey, a country
belonging to the same ideological-political Cold War camp, but also a traditional
Greek enemy. Electric power lines that connected the Greek to the Italian and the
Turkish electricity networks were built only after the Cold War under the shared
ideological-political orientation of economic neoliberalism.8

In this chapter we take a closer look at the historical shaping of such cross-border
connections. On one hand, this allows us to inquire about suggestive contrasts
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Table 6.1 Sources of electricity in Greece, 1961–2005 (percentages).

Lignite Oil Hydro Gas Renewables Import

1961–7 42% 32% 24% 2%
1968–73 35% 41% 22% 2%
1974–9 48% 37% 14% 1%
1980–5 54% 28% 13% 5%
1986–91 69% 20% 9% 2%
1992–2000 84% 8% 2%
2001–5 63% 9% 6% 16% 2% 4%

Source: Data reconstructed through archival research at the PPC Monthly Report (Minieo Deltio Ergasion,
DEI).

between hidden infrastructure links and ideological-political divides between
neighboring countries. In the following section in particular, we provide an
overview of the various connections between the Greek and neighboring elec-
tric power networks, placing special emphasis on the first Greek-Yugoslavian line
built in 1961. On the other hand, this transnational perspective also allows us
to study the role of cross-border power lines in Greek electrification. For in exist-
ing accounts of Greek electrification, again, these cross-border links are largely
absent. Before the Second World War, Greece lacked any long-distance electric
power transmission lines, despite several proposals for a national power grid;
local and regional power systems remained isolated and dependent on imports of
British coal. In 1950 the Public Power Corporation was established as a state util-
ity, purchased scattered local-private electricity companies, and set out to build a
national transmission network. The most important transmission lines of this new
national network originated at thermal power stations near rich lignite deposits,
with hydroelectricity providing a substantially lower percentage of the country’s
electricity. Imported oil provided an additional important source of electricity gen-
eration in Greece throughout the postwar period (Table 6.1). Lignite obtained
an even more dominant position in the 1980s, following the abandonment of
plans to build one or more nuclear power plants. Kozani, situated centrally in the
main Greek lignite region and near a river of considerable hydroelectric potential
(Aliakmonas), became the electricity center of Greece.9 In the last section we dis-
cuss how cross-border power connections played an important yet neglected role
in this story. An important example is the abandoning of Greek nuclear power
plans and the construction of Greek-Bulgarian power import links instead.
Let us start the story from the beginning, however, by taking a closer look at the

border.

“The grand energy proletariat of the Balkans”: Electric lines and
national borders in engineering debates from the Second
World War to the Civil War

On February 2, 2000, on the occasion of the World Wetlands Day, the prime
ministers of three Balkan countries – Albania, FYROM/Macedonia and Greece –
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signed a declaration establishing Prespa Transboundary Park. This transnational
area included the Great and the Small Prespa Lakes, the highest tectonic lakes in
the Balkans at an altitude of 853 m. There was a third lake 10 km to the west of
the Great Prespa, Lake Ohrid. It lay about 150 m below Great Prespa and was fed
by it. One of Europe’s oldest and deepest lakes, Ohrid had been declared a World
Heritage site by UNESCO in 1979. The Prespas and Ohrid, along with Lake Malik,
form a group of lakes that were known as the Desaretian lakes. In contrast with the
rapid degradation of wetlands worldwide, these lakes still represented a healthy
ecosystem. Prespa Park hosted the largest breeding concentration of the critically
endangered Dalmatian pelican, significant populations of the endangered pygmy
cormorant, and seven rare heron species, including the great white egret. It was
also a rare breeding ground for the ferruginous duck. In addition, Prespa Park
hosted the only breeding colony of the great white pelican in the EU. It goes with-
out arguing that these Balkan lakes represented a critical transnational European
natural resource.10

Several decades earlier, Greek engineer Th. I. Raftopoulos had explicitly argued
that the Desaretian lakes were unique in Europe and of critical importance, but not
because he thought that they might one day be the last European breeding resort
of the great white pelican. When he looked at the Desaretian lakes, Raftopoulos
saw an abundant supply of electrons, not a habitat of rare birds. In his vision,
these lakes ought to become a critical hydroelectricity infrastructure (Figure 6.1).
“One would have to try hard to find in Europe a hydraulic force comparable to
that of the Desaretian lakes,” wrote Raftopoulos in an article published in a 1943
issue of Industrial Review (Viomihaniki Epitheorisis). “If Sweden had such a case,”
he continued, “it would stop boasting about its plan to use Lake Vänern as an
energy reservoir: one centimeter of the water of this Swedish lake corresponds to a
depository of 5 million kWh, whereas one centimeter of water in our lakes yields
8.5 million kWh.”11

Both the use of the present tense (“yields”) and the possessive antonym (“ours”)
were rather problematic in this case. First, none of the seven hydroelectric plants
that Raftopoulos envisaged was ever erected. The Desaretian lakes never gave a
single kilowatt hour of electricity to Greece. The Raftopoulos 1943 proposal to
turn the Desaretian lakes into a critical energy-generation infrastructure stimu-
lated engineering debates over the proper configuration of the future national
power network of Greece in the mid-1940s, but it was silently abandoned by
Raftopoulos and the rest of its promoters only a few years later. Second and related,
the Desaretian lakes never became exclusively Greek. Great Prespa was shared
by Greece, Albania, and Yugoslavia, and Small Prespa by Greece and Albania.
Ohrid was completely outside the Greek borders and was shared by Albania and
Yugoslavia. As for Malik, it was located fully within the Albanian borders.
Raftopoulos was a key member of a team set up at the National Bank of Greece

early during German occupation (in July 1942) in order to develop plans for the
future Greek electric power network. There had been earlier (interwar) engineering
proposals for hydroelectricity generation plants and for long transmission lines to
bring electricity from these plants to the cities. But these plans were blocked by
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Figure 6.1 Projected Electricity Network of Greece, 1943/4.
Source: Raftopoulos 1943 and 1944, appendage map.

interests that had invested in local (city-wide) networks that were burning coal
and oil, which was imported under British control.12 By the end of the interwar
period, Germany and Greece had developed strong economic relations, but the
overall course of industrialization remained under British influence, through this
country’s control of Greek political life and financial institutions. The German
occupation of Greece only amplified the engineering voices that warned against
dependence on imported coal and oil, and in favor of the indigenous hydraulic
resources and lignite ores.13

The National Bank of Greece, the institution that employed Raftopoulos as a
technical consultant, was rather cautious about publicly endorsing his preliminary
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study on the Desaretian lakes. For a forum that was prepared to help with the
public promotion of the Desaretian lakes plan, Raftopoulos could rely on the
Greek Society for the Scientific Organization of Work (Elliniki Eteria Epistimonikis
Organoseos tis Ergasias). Instituted during the last years of the interwar period, this
society was formed by “rationalist” engineers, economists, and other proponents
of a European version of a Taylorist-type economy. The appeal of Taylorism and
related technocratic movements in interwar Greece is just beginning to receive
historiographical attention. What we know so far seems to suggest that these
movements were not very influential in changing the way in which Greek indus-
try worked. At the same time, during the interwar period these movements were
attractive to scientific and engineering environments as well as to some intellec-
tual circles. Over the course of this decade, Raftopoulos and other members of the
prewar Greek Society for the Scientific Organization of Work moved on to endorse
a version of “technological nationalism” that served well the postwar purposes
of the ultra-right.14 As we shall see, the left-leaning Science-Reconstruction Soci-
ety, an institution formed right after the end of the war, was all but immune to
technological determinism.15

The 1943 map of Raftopoulos (Figure 6.1) showed no national borders in the
area of the Balkans covered. As he saw it, all of the area that he showed in this
map could become Greek after the end of the war. Raftopoulos had presented his
Desaretian lakes plan at a 1943 meeting of the Greek Society for the Scientific
Organization of Work. In 1944, Alexander Sinos, former dean of the polytechnic
school, published a book on “the geographical unity of the Greek Mediterranean
space,” which portrayed the Desaretian lakes as indispensable for the proper devel-
opment of the Greek national electric power network.16 From 1944 to 1946, Greek
engineers followed up this argument by arguing repeatedly that all of the Balkan
area shown in the Raftopoulos map of 1943 ought to be placed within the borders
of Greece.
The Raftopoulos plan was also endorsed by engineer Petros Kouvelis, who

moved on to publish his “thoughts on our national claims and reparations” in
the March 1946 issue of Industrial Review, as his contribution to the upcom-
ing Paris Peace Conference, at which the Balkan borders were to be settled. For
him, Greece ought to ask for the extension of its borders to the north, because
its historical right to do so had been reinforced by “modern technical views.”17

Kouvelis reproduced the geographical determinism of Sinos but moved on to
elaborate on the integration of technological determinism into geographical deter-
minism. From the western to the eastern part of the lower Balkan Peninsula,
several rivers reached the Aegean after crossing the Greek region of Macedonia.
But only the lower part of these rivers was within Greece, which meant that the
country had inadequate control of the flow of these rivers. As a result, the agri-
culture of northern Greece was vulnerable to floods and droughts that could be
amplified by careless or intentional acts of those in charge of the upper stretches
of the river. But Kouvelis was not simply interested in irrigation infrastructure.
In anticipation of the negotiations at the upcoming Paris Peace Conference,
he argued to place within the same national borders all of the water resources
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(lakes and rivers) that could form a natural unity of hydroelectric generation
infrastructure.18

“In regards to our territorial claims,” Kouvelis wrote, “we must emphasize the
need to draw the future borders of our country in harmony with the necessity
to follow the geographic, and, more importantly, the geo-economic limits that
separate us naturally from neighboring territories.” He moved on to invite tech-
nology to assist history. “In addition to defining the minimum limits of the area
where Hellenism has lived and developed in past centuries,” he argued, “this way
of delineating borders satisfies modern technical and economic views, which, as
we shall see, dictate the clear demarcation of the river basins in which neighboring
countries are interested.”
While Kouvelis sketched a more general scheme of hydroelectric infrastructure

development on the northern borders of Greece, he relied on Raftopoulos’ calcula-
tions to concur that the Desaretian lakes were of critical importance. Raftopoulos
had estimated that the hydroelectric exploitation of the Desaretian lakes could
generate no less than 3 billion kWh/year. The “energy wealth contained in these
lakes,” wrote Kouvelis,

is important for the development of our country, especially considering the
comparatively low importance of these lakes for neighboring Yugoslavia, which
is exceptionally rich in energy resources, and Albania, which can find energy
sufficiency in the rest of its hydraulic resources . . .This certainly strengthens the
view that these lakes ought to become Greek territory.

As a matter of fact, Kouvelis had already submitted an earlier version of his article
in November 1944 in the form of a memo to George Papandreou, the first Greek
prime minister after liberation.19 In late 1944, however, Papandreou was too busy
to focus on the Kouvelis memo. The very placement of the whole of Greece within
the borders of the Western camp was an open issue at the time. When Kouvelis
submitted his memo, Athens was about to become a battleground between British
troops that supported the establishment of the Papandreou government and
communist-led forces that opposed them.20

Due to its leadership during the Greek resistance against German occupation,
the Communist Party emerged from the war as a key actor of the postwar period.
The chain of national events and international deals that took place between
the 1944 end of a devastating war and the formal 1946 beginning of the tragic
Greek Civil War (1946–9) holds a commanding position in the historiography of
modern Greece. By the end of the civil war (1949) the Greek left was defeated,
but back in 1944 the hegemony of the political left over the center allowed it to
appear as a leading modernizing force. It was convincing enough to make several
Greek engineers join the Communist Party and the center-left parties that allied
around it.21

Nikos Kitsikis, dean of the polytechnic school during the beginning of the
German occupation, was one of those who had joined the left. A protagonist in the
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establishment of the Technical Chamber of Greece and its journal Technical Chron-
icles in the early 1930s, he became secretary general of the Science-Reconstruction
Society, which was instituted by a group of communist and other left-leaning
intellectuals and scientists in November 1945. Members of this society were key
contributors to the journal Antaeus (Antaios, 1945–51), which featured a wealth of
articles on issues relevant to Greek industrialization. It was this publication by the
Greek left that hosted the bulk of the debate over the merits of the plan to turn the
Desaretian lakes into the critical electricity-generation site of postwar Greece.22

In 1945, Raftopoulos attacked the Communist Party for leaving the hydroelec-
tric plans for the Desaretian lakes out of its plans for industrialization in general
and electrification in particular. Engineer Stavros Stavropoulos replied, thereby
starting a series of exchanges of long letters through Antaeus. Raftopoulos, by
now an ultra-right political conservative rather than a politically neutral “ratio-
nalist,” argued that the industrialization plan proposed by the Communist Party
required the Desaretian lakes and that Greece ought to request their inclusion in
its national territory, because it was the country with the fewest energy resources
in the area. “Regarding the distribution of natural resources,” Raftopoulos wrote
in one of his letters that “Greece is the grand energy proletariat of the Balkans,
a group of nations with very rich energy resources available.”23 Stavropoulos
argued that incorporating the Desaretian lakes into Greece’s national electric
power network was immoral and politically dangerous.24

The left had not disagreed on the importance of large-scale electrification and
on the significance of the lakes as an electricity-generation site. It disagreed only
about the control of this site. “There will, of course, come a moment when, in the
context of Balkan cooperation, the potential of the Desaretian lakes will be uti-
lized,” Antaeus editor Dimitris Batsis wrote in 1947. “But,” he added, “it will not
be the political party of Mr. Raftopoulos that will lead the people to this coopera-
tion.”25 In other words, the left was in favor of a future transnational utilization of
the lakes. At the same time, it agreed on the urgency of large-scale electrification.
This made it vulnerable to attack by the ultra-right, which argued for the more
immediate utilization of the lakes by a Greek state that ought to expand so as to
place the lakes within its territory. The left argued that this would be a national-
istic, and therefore immoral, move. As we saw, Raftopoulos countered by arguing
that such a move would be only natural, because it was technically rational. Based
on the left’s agreement on the importance of large-scale electrification and the sig-
nificance of the lakes as an electricity-generation site, the ultra-right could then
accuse the left of being unpatriotic. This was no small accusation against a party
that had just gathered considerable support by presenting itself as the leader of a
patriotic resistance movement.
By the end of 1946, with the Balkan borders settled in Paris and the formal

start of the Civil War, the “rationalist” plan for the Desaretian lakes was quietly
withdrawn. The international reconstruction plans of the Civil War years aimed
at securing the 1946 Greek borders against neighboring nation-states that were
rapidly turning into Cold War enemies. In this context the pragmatist American
engineers who eventually assumed the lead in planning the Greek electric power
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network saw no reason to start from the Desaretian lakes. On the contrary, they
had every reason to avoid them because themountainous area of Greece just below
them was a stronghold of the communist army. When the Civil War was over,
the borders on the Desaretian lakes were clearly Cold War borders. The winners
of the Civil War had every reason to avoid any investment in an infrastructure
to be built right at these borders. This, ironically, was what eventually turned
them into a critical transnational European resource – a unique habitat of rare
birds.26

“No payment in currency”: Negotiating lines of electric power
infrastructure interconnection during the Cold War

In November 1957, the PPC president, Petros Gounarakis, was quoted in the daily
Vima as announcing plans for a connection between the Yugoslavian and Greek
electricity networks.27 It was emphasized that the use of this connection was not
to involve any currency payment, but merely an exchange of electricity through
balancing and returns.28 Makedonia, which covered the PPC president announce-
ment extensively, stated this principle in the title of a relevant two-column piece:
“The conditions to achieve an exchange of energy between Greece and Yugoslavia:
There will be no payment in currency.”29 The press were tireless in stressing this
principle. “Those in charge clarify that this interconnection is not aiming at the
import or export of energy but simply at the exchange of electric current in case
of urgent and unpredictable need,” repeated Makedonia. At the same time, the
press emphasized the Greek interpretation of the Greek-Yugoslavian connection
as a means to a broader interconnection with other parts of Europe. “Through this
interconnection the Greek national network of PPC is connected to the network
of all of the rest of Western European countries,” added Makedonia, “because these
countries are connected to Yugoslavia.”30

Between 1957 and 1959, the PPC general manager and professor of the polytech-
nic school, Georgios Pezopoulos, had to give several rounds of clarifications on
the capacity of the interconnecting line and reaffirm the principle of the planned
exchange of electricity. On June 15, 1959, the Ministry of Industry announced the
cost of the PPC part of the Greek-Yugoslavian interconnection, which was esti-
mated at 13.5 million drachmas. Through an 80 km, 150 kV line from Ptolemaida
near Kozani to the Yugoslavian border, the amount of electricity to be exchanged
was expected to reach around 50 GWh annually, and be limited to a maximum
of 250 GWh annually. The PPC president had initially talked about 17 GWh of
annual exchange, which required productive capacity of 60 MW (in Greece) to be
reserved in order to accommodate the exchange.
Pezopoulos explained that the two systems “could complement each other in

periods of seasonal shortages due to the lowering of the rivers because of the lack of
rainfall.” The Ministry of Industry confirmed that “through their interconnection,
these two systems – one hydroelectric [Yugoslavian] and one thermoelectric
[Greek] – will complement each other in periods of seasonal shortages due to the
lowering of the rivers because of the lack of rainfall.”
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Kleonymos Stylianidis, a Greek engineer with a long and distinguished career,
was the only opponent to this planned power line. He was reading the newspapers
and reproduced the above quotes from the PPC officials in his 1959 article, just as
he was keeping notes on the Technical Chronicles. According to his notes of what
was written in the prime engineering publication of Greece,

the agreement was based on the assumption that one of the two countries has
a surplus during various seasons and hours whereas the other has a shortage
during the same hours, so that the exchange allows both to get rid of the need
to construct a power to serve peak demand, since the supply of energy from
Yugoslavia would come from waterfall and from Greece from the strengthening
of the Ptolemaida installation.31

For Stylianidis, this assumption was “irrational” because a thermoelectric instal-
lation (like the one in Ptolemaida) is not subject to seasonal variations that affect a
hydroelectric installation (like the one in Yugoslavia). “This agreement,” wrote the
engineering veteran with irony, “re-baptizes Ptolemaida into a river whose lignite
richness depends on meteorological drops.” Stylianidis saw additional irrational
elements in this agreement. Knowing that the cost of the construction of 1 km of
this 150 kV line was estimated to be $40–45,000, he raised the cost estimate of the
80 km Greek section to 100 million drachmas (as opposed to 13.5 million). This
was about $3 million. In his estimate, more than $15 million would be wasted
in building a station to guarantee the 60 MW of generating capacity. Stylianidis
moved on to argue that this installation would operate inefficiently because it
would shut down frequently in order to enable the exchange of the projected
amounts. Finally, the veteran Greek engineer expressed his disagreement with the
expectation of a sharp increase in demand for electricity in Greece, which under-
lined the drive towards the connection to Yugoslavia.32 “We have been misled
into copying systems of other countries, where the conditions are more or less
different,” he argued. “It is logical that, for example, Germany and Italy exchange
electricity with Switzerland because Switzerland has an energy surplus in the sum-
mer from its waterfalls, due to the melting of glaciers, whereas Germany and Italy
have surplus of energy in the winter, when Switzerland has a shortage.”33 These
“50 or 250 kWh [from Yugoslavia] per year is neither necessary nor usable to us,”
he added. “The agreement with Yugoslavia is an error against logic,” he contin-
ued: “We have succumbed to the fashionable obsession with 150 kV lines and,
after lighting up our poor lodges with them, we now want to help our neighbor-
ing country by spending tens of millions of dollars.” In his opinion there was
“only one excuse” for this waste of resources. There was capital available through
US funds, and this line was a way to use it up.34

The US interest in tying the Yugoslavian electric power network to that of the
West is now well documented.35 It surely created a climate that favored some
economic cooperation between capitalist Greece and the relatively independent
(from the Soviet Union) socialist Yugoslavia, despite the permanent disagree-
ment between the two countries over the naming of the most southern of the
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Yugoslavia republics (Macedonia) and the complications that could stem from
conflating the Macedonian issue with the Cold War divide.36 The Greek press wel-
comed the news about the agreement and paid close attention to the course of its
implementation. A 1957 Makedonia article offered some further details about the
motivation behind the interconnection, citing a Yugoslavian officer who stressed
the opportunities arising from the link beyond pure economics, putting it in the
context of “the friendship and the good neighborly relations between Greece and
Yugoslavia.”37

The Greek-Yugoslavian connection that started to be negotiated in 1957 could
eventually be realized and was inaugurated in 1961. The link was followed by
a continued interest in expanding connections with Yugoslavia and in con-
necting to further countries beyond the Iron Curtain. Tellingly, the pursuit of
interconnections between Greece and the Eastern bloc countries was not inter-
rupted during the years of the military dictatorship (1967–74), when scores of
Greek communists and other left-leaning citizens were exiled and tortured. Inter-
estingly, in 1971, at the peak of the dictatorship, PPC was even signing agreements
with Soviet and Italian institutions for the construction of ultra-high-voltage
transmission lines in Greece.38 Plans were announced to upgrade the connection
to Yugoslavia, start a connection to Bulgaria, and undertake shared hydroelectric
initiatives with both Bulgaria and Albania. Efforts to connect to Italy and Turkey
were also reported.39

An agreement with Yugoslavia for a second line was signed between PPC and
the Yugoslavian utility YUGEL in the fall of 1973. PPC director Demopoulos
explained that “experience of over 13 years has shown the necessity of broad-
ening the exchange so as to improve the economic exploitation of the networks
of the two countries, under the broader context of interconnecting the European
electric power networks.”40 This was followed in 1974 by the inauguration of a
link between Greece and Albania.
At about the same time, Bulgaria also proposed an interconnection with Greece.

In contrast to the Greek-Yugoslavian link, the Greek connections with Albania
and Bulgaria foresaw a substantial import of electricity, not only an exchange on
the margins. In the Bulgarian case, the plans for an interconnection began to be
discussed in conjunction with a proposal for the construction of an aluminum
production unit in Greece. All of the output of this factory was to be absorbed by
Bulgaria. The Greek minister of industry thought that a prerequisite for moving
ahead with such a project was the availability of cheap electricity, so that the
electricity-intensive production of aluminum would be competitive.
However, the Greek government also expressed its preference for a broader

network of Balkan interconnections rather than a mere Greek-Bulgarian line.41

It pursued this strategy at the mid-1970s meetings of the Coordinating Com-
mittee for the Development of the Interconnection of the Electric Network of
the Balkans countries. This was an interstate organ of the five Balkan coun-
tries (Bulgaria, Greece, Rumania, Turkey, and Yugoslavia) that had been insti-
tuted in response to a Greek proposal to the UN Economic Commission for
Europe. The interconnection committee was part of a broader expert committee
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made up of economic and technical representatives of the Balkan countries,
which was set up on the initiative of the Greek prime minister, Konstantinos
Karamanlis.42

There were thus both bilateral and multilateral elaborations of transnational
system-building in the Balkans. An agreement on the interconnection of the
Greek and the Bulgarian network was eventually announced in the press in 1977,
following a Greek-Bulgarian interministerial committee meeting. Several other
high-ranking officials were present at the ceremony planned for the signing of
the agreement, including PPC director Angelopoulos.43 However, the implemen-
tation of agreements was not automatic. The Greek minister of trade, George
Panagiotopoulos would soon state that “the implementation of the agreement
is stuck.” The reason was the need to organize electricity imports from Bulgaria
as part of a broader trade agreement with the same country. The Greek side was
clearly concerned with the lack of an increase in Greek agricultural exports to
Bulgaria, and this was affecting the interconnection agreement.44

Another reason for the hesitancy of the Greek side to conclude an agreement
on electricity imports from Bulgaria was the simultaneous Greek effort to advance
plans for a Greek nuclear plant (see next section). But the general government
strategy was to experiment with the development of economic relationships with
the socialist camp, because these relationships were also a diplomatic tool in the
hands of the Greek government in its attempt to exert further pressure on the
West regarding the Cyprus issue.45 Energy cooperation was included in economic
agreements that the Greek prime minister signed in Moscow during his historic
visit to the Soviet Union in February 1979. In 1981, the prime minister, George
Rallis, visited the Greek region of Macedonia to lay the foundations of a new PPC
electricity-generation unit, devoting a special section of his speech to Greece’s
“relationship with the neighbors”:

Special mention should be made of the growth of the electric cooperation
with our neighboring countries. More precisely: Since 1979, following the
interconnection of our network with that of Yugoslavia at 400 kV, the capac-
ity for exchanging electric currents has been doubled. Through Yugoslavia,
Greece is now interconnected to the systems of all Western European coun-
tries, that is, from Spain and Portugal to Denmark to the north. With Bulgaria,
interconnection work is progressing in two stages. During the first stage, there
will be a 200 kV interconnection up to the Greek city of Serres by the end of
1981. By 1985, during the second stage, there will be a 400 kV line, which
will then reach Thessaloniki. At the end of the second stage, Greece will be
connected to the whole of the system of the eastern countries, which includes
most of the European part of the Soviet Union, Russia and Turkey: According to
the present agreements, we can import electric energy from the Soviet Union
through Yugoslavia. The prospects for cooperation will be empowered by the
connections to the Bulgarian system. As it is known, our network is connected
to that of Albania and there is an agreement in place. We hope to expand this
interconnection in the future. Finally, we are in negotiations with Turkey.46
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Albania, Yugoslavia, and Bulgaria represented very different versions of statist-
socialist societies. For a good part of the Cold War, Albania was isolated from both
the Soviet Union and the West. Bulgaria remained a faithful Soviet ally through-
out the Cold War. The relationship between the Soviet Union and Yugoslavia was
notoriously difficult. Yugoslavia tried to remain independent from both the East
and the West while maintaining contact with both. As a result, these three coun-
tries never formed anything resembling a socialist alliance against Greece. The
relationships between Albania, Yugoslavia, and Bulgaria were at times no bet-
ter (if not worse) than the relationships between Greece and each of these three
countries.47 Greece took advantage of this situation during negotiations over pos-
sible electric power interconnections. As the above quote suggests, in order to gain
additional negotiating power, Greek politicians and PPC managers habitually cou-
pled references to interconnections with references to new Greek plans (e.g. new
plants or connections to Europe through Italy) that would make Greece indepen-
dent.48 The quote also points to the broader transnational context of European
interconnections that was taken into account during these negotiations.
Generally speaking, in the post-Cold War period, electricity flows in the form of

a commodity could be purchased at the market. As we saw, according to the initial
rhetoric of the Cold War period, there was not supposed to be any purchase of
electricity (only an exchange of equal amounts). Yet, as we can see from Table 6.2,
Greece was constantly importing electricity from its Cold War neighbors. To pay
for this it gave other goods and even currency.49

In Tables 6.3 and 6.4 we have synthesized various sources to present the
complete series of electricity flows into Greece from the various connections.
Apart from importing electricity from immediate neighbors, Greece used its
transnational links to import electricity from third countries. For example, in

Table 6.2 Share of oil and coal imported to Greece from the Eastern bloc,
1953–66 (percentages)

Oil and oil products Coal

1953 1 12
1954 6 25
1955 11 10
1956 15 19
1957 18 16
1958 22 32
1959 23 54
1960 41 75
1961 36 79
1962 33 56
1963 34 40
1964 41 29
1965 32 40
1966 26 58

Source: Valden 1991, vol. 2, p. 323.
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his Technical Chronicles article of 1999, engineer N. Vovos mentioned that the
1961–95 imports through Yugoslavia and FYROM also brought in electricity from
Russia and Italy; through Albania, from Switzerland; and through Bulgaria, from
Austria.50

In her pioneering classification of electricity links, Jane Summerton differenti-
ated between one-link connections of otherwise independent electricity networks
and the multilink integration of networks.51 The Greek national network relied
on one-line connections to other national networks, but some of these national
networks were further linked to multilinked transnational integrals. This point
was stressed by engineer A. Marinakis, PPC transmission department officer, and
representative to the Union for the Coordination of Production and Transmis-
sion of Electricity (UCPTE),52 who also presented a paper on the interconnected
electric power network of the Balkans at a special Technical Chamber’s of Greece
meeting.53

We have so far focused on interconnections without mentioning the technology
involved in implementing them. The technical choice between, for example, syn-
chronous or asynchronous interconnection transmission corresponds to critical
yet complex social trade-offs regarding the capital involved in setting up network
links, the distribution of vulnerabilities among linked networks, and the flexibility
available when it comes to delinking and relinking networks. Choices regard-
ing the voltage of an interconnection (high or low) and the form of the flowing
current (direct or alternating) involve similar trade-offs. The high-voltage direct-
current (HVDC) asynchronous interconnection is an expensive solution that keeps
the connected networks further apart and prevents the spread of blackouts. It was
used often, for example, for power lines that cross the Iron Curtain.54 The ini-
tial connections between the Greek network and the networks of Yugoslavia,
Albania, and Bulgaria were alternating current (AC) lines, and when these were
upgraded the connections remained of the AC type.55 Only the recent submarine
interconnection between the Greek and the Italian network is an HVDC one.
Based on the quantities of electricity imported to Greece from the vari-

ous interconnections, we could conclude that the second of the Yugoslavian
interconnections has been the most important, with the Bulgarian one placed
second. But other criteria may change this hierarchy. The importance of a partic-
ular connection may also be measured in terms of the bargaining power that a
country wielded during a critical political conjuncture or an international energy
crisis. Moreover, the same connection could be more important during some years
and less important during others (see Table 6.4). While the relative importance
of each interconnection may have varied, the importance of the whole of these
interconnections becomes apparent through three observations. First, in most
years the net flow to Greece was clearly non-negligible. Second, the import of
electricity to Greece was actually even more important, occasionally reaching or
even exceeding percentages in the order of 10 per cent. Third, this import was
even more important because there was substantive seasonal variation, which
means that there were months when the transnational flow of electricity to Greece
became even more critical.
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Transnational infrastructures and “nuclearity”: How to have nuclear
energy without a nuclear power plant

To better understand the historical importance of the interconnections intro-
duced in the previous section, and, also, the historiographical significance
of a transnational history of technology that retrieves and interprets such
interconnections, in this concluding section we move on to compare the amount
of electricity imported to Greece through interconnections with the amount of the
flow expected from a prospective Greek nuclear reactor. To arrive at a quantitative
comparison of these flows, we rely on an engineering debate about the merits
of a Greek nuclear plant that took place in 1977. Following this comparison, we
conclude by revisiting this chapter’s opening theme, namely the contribution of
transnational links in moments of actual crises (blackouts).
References to the promising future of nuclear energy in Greece go back to the

1950s, but plans for a Greek nuclear plant were given serious consideration only
after the fall of the military dictatorship (1967–74), during the conservative gov-
ernments of Konstantinos Karamanlis and Georgios Rallis. In 1976 a plan for a
nuclear reactor was proposed in a PPC ten-year development program. The nuclear
facility was planned to be operational at the end of this program, by 1986. In 1976
the southern Evoia town of Karystos – about 90 km away from Athens – was
chosen as the most likely site for the installation of a 1000 MW nuclear plant.56

However, the Evoians strongly opposed its construction in their region.57

The engineering community, for its part, was ambivalent about the plans for
a Greek nuclear plant. In late May 1977 the Technical Chamber of Greece orga-
nized a conference on “The Present Energy Problem of Greece,” which became
an important forum for debate. The discussion about the nuclear plant started
with two presentations, one by a group of physicists called “Physics in the Service
of Man” and one by the chamber’s Permanent Committee on the Environment.
In the context of the discussion, the pro-nuclear Union of Greek Nuclear Scientists
and a PPC group also presented their views.58Arguing against the construction of
a nuclear power plant in Greece, the “Physics in the Service of Man” group men-
tioned a 1976 study that estimated the cost of a nuclear plant in Greece to be
30 per cent higher than earlier anticipated, due to extra costs for the transfer of
technology and education of technical personnel. This cost could increase further
if the plant was built underground. The group thought that this was necessary for
a nuclear plant that was to be built in a politically volatile region such as Greece.
The group’s arguments concerning the percentage of the national energy to

be supplied by a nuclear plant deserve special attention. It started by assuming
that the capacity of a nuclear reactor could not be less than 1000 MW, because
international experience had allegedly shown that even a 600 MW reactor was
economically unsustainable. The installed capacity of the Greek electricity system
at the time totaled 3000 MW. By 1985, the earliest possible year of the installation
of a nuclear plant, this capacity would not be higher than 6800 MW, according to
the most optimistic scenario. This meant that the nuclear plant would account for
at least 15 per cent of the country’s total generation capacity. The group stated that
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“no other country in the world has made such a huge jump” by relying on nuclear
energy for such a large percentage of the overall electricity-generating capacity.
While it may not be correct that no other country had made such a jump, this cer-
tainly was a huge jump for Greece. Providing reserve generating facilities for such
a large percentage during periods when the nuclear plant would close down for
regular or other maintenance – at least once a year – would require considerable
investment.59

R. Papadopoulou, one of the participants in the discussion, elaborated on this
point. To her, the introduction of nuclear energy in the energy mix had made
energy planning unpredictable. In her opinion, this explained “why Britain, after
25 years of practical experience with nuclear energy, covers only 10 per cent
of its electricity generation through nuclear energy.” “Other Western countries,”
elaborated Papadopoulou, “rely even less on nuclear energy.”60

Interestingly, those in favor of the construction of a nuclear power plant in
Greece proposed a smaller percentage of nuclear power. One of the recommenda-
tions by the Union of Greek Nuclear Scientists was to “study and properly plan
the expansion of the Greek electric network based on conventional sources, so as
to keep the percentage from the integration of nuclear energy below 8 per cent.”61

Taking this percentage as the maximum to be contributed by nuclear energy, we
may note that it was within the reach of what Greece could obtain through the
available international interconnections of its network. In 1984, when the electric-
ity supplied to Greece from abroad reached a peak, the country imported about
10 per cent of the total of the electricity it consumed (see Table 6.3). Domes-
tic nuclear power and imports of electricity from abroad could thus be seen as
alternative solutions to the same problem.
PPC’s K. Kasapoglou argued that “introducing a nuclear unit in Greece by 1986

would not be premature, because countries in the region that have richer energy
resources than Greece or have comparable resources already have or will have
nuclear plants by 1986: Yugoslavia, Bulgaria and Turkey.” The Bulgarian case was
of particular interest. Kasapoglou referred to a PPC study that confirmed that the
Greek grid could remain stable and absorb a surplus of 7 per cent following the
integration of a nuclear plant. For him, this meant that a 600 MW plant could be
safely integrated into the Greek network. Taking the floor after Kasapoglou, energy
specialist K. Mihalakis agreed that a 7 per cent surplus could be absorbed by the
Greek network. But he noted that, first, the Bulgarian network was successfully
absorbing surpluses of this order because it was twice the size of the Greek network
and, second, it was fed by 440 MW reactors. By contrast, the projected Greek
nuclear reactor was larger – 600 MW – while at the same time the Greek network
was smaller than the Bulgarian. The implication was that the tested stability of the
Bulgarian network could not be a safe guide for Greece’s nuclear visions.62

The nuclear future of Greece continued to be an open issue for a few more
years. The Three Mile Island accident in 1979 does not appear to have decisively
influenced the debate. A greater concern appears to have been local geology. The
chamber’s Permanent Committee on the Environment again raised “the difficulty
to find in Greece an area that is non-seismic and is adequately distant from the
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urban centers.”63 This difficulty became clear to all in February 1981, when a 6.7
Richter earthquake hit Athens, with its epicenter located about 77 km to the west.
This was about as far as Athens was from Karystos to the east. By then, Athens
was already home to more than a third of the Greek population. The conservative
government came under massive fire from the leaders of the opposition parties,
who took the parliament floor one after the other to argue that the state had been
proved totally incapable of preparing for a strong earthquake.64

The combination of the earthquake shock, engineering doubts, and political
resistance eventually led to the abandonment of plans for a nuclear plant.65 In the
PPC plans, a nuclear unit of 600 MW appeared in the future planning up to 1981,
but from 1982 there was no longer any mention of a nuclear unit in the PPC
platform.66 As we saw in the introductory section of this chapter, during the 1995
earthquake, Greeks did not have to worry about the possible impact on a domes-
tic nuclear power plant. They could rely on nuclear plants located outside their
seismogenic country for an adequate inflow of electricity during this critical event.
Having adopted a “transregionalist” perspective on the history of nuclear

energy, Gabrielle Hecht has recently challenged canonical definitions of “nucle-
arity” as having to do only with countries that have a nuclear reactor. As her
argument goes, it was this definition that has resulted in the problematic exclusion
of poor uranium-producing areas from (nuclear policy) decision-making centers of
the first world.67 Based on the history of a critical transnational flow of electric-
ity into the Greek national electric power network, we further argue that areas
and countries may actually be nuclear without having either nuclear plants or
nuclear fuel. Hecht has shown that the definition of nuclearity and the location of
“nuclear things” ought to take into account a uranium-producing country such as
South Africa, in addition to a country such as France or the Soviet Union. We have
here introduced the argument that a country such as Greece – neither a producer
of nuclear energy nor a producer of nuclear fuel – should also be included in proper
definitions of nuclearity. A critical share of the electrons imported to this coun-
try through the lines that connected it to the electric power networks of other
countries were nuclear electrons.
After taking into account the concept of nuclearity introduced above, the notion

of the “shared vulnerability” of critical transnational infrastructures discussed in
our introduction can be elaborated. Let us conclude by spotlighting a set of “crit-
ical events” analyzed by the PPC Greek engineering team that authored the 1999
Technical Chronicles article analyzing the impact of the 1995 Kozani earthquake.
The first concerned two “anomalies” at the Bulgarian nuclear power station at
Kozloduy, and the second two anomalies at the Rumanian nuclear power station
at Cerna Voda.
OnMay 24 and June 1, 1996, there was a loss of a 1000MW unit at the Kozloduy

nuclear power plant. “Despite their large size, these losses did not cause prob-
lems in the interconnected system,” which at the time included Greece, Bulgaria,
Romania, Albania, and parts of the former Yugoslavia (FYROM/Macedonia,
Montenegro, Serbian Republic of Bosnia).
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On September 9 and October 1, 1997, there were “anomalies” at the Cerna Voda
nuclear power plant in Romania. These, too, were handled without a problem
by the interconnected Balkan system. According to the PPC engineers, the 1995
event (Greece), the 1996 event (Bulgaria), and the 1997 event (Romania) were
handled by the interconnected Balkan network in a manner that “made clear the
importance of interconnection and its great contribution to the secure operation
of the power stations of the Balkan peninsula.”68

The importance of this contribution is captured in the technical diagrams
that the PPC engineers included in their article. In the case of the anomaly
at Kozloduy, these diagrams show how power imported from the transnational
interconnections filled the critical gap between the minute when national power
production dropped abruptly at the Bulgarian nuclear power plants and the
minute when national production at the Bulgarian hydroelectric plants was raised
to offset this drop (Figure 6.2). The diagrams given in reference to the 710 MW
drop in nuclear production at Cerna Voda (Romania) in September and Octo-
ber 1997 offer additional visualization of the successful transnational handling
of critical events (Figure 6.3). Figure 6.2 visualizes the story of how a transnational
network came to the rescue of a national one. In this case the engineers show
the transnational story from the perspective of the country where the critical
event took place (in this case Bulgaria). By contrast, Figure 6.3 shows a simi-
lar transnational story from the perspective of a country (in this case Greece)
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Figure 6.2 Diagram showing how a 1996 import of electricity from the interconnected
Balkan system saved the Bulgarian network during anomalies at Kozloduy, which resulted
in a drop in nuclear power generation. It took some time before hydroelectric plants could
be set in operation to replace the drop in nuclear power. This is when imported electricity
was proven crucial.
Source: Kampouris et al. 1999, p. 80.
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Figure 6.3 Diagram showing how a 1997 drop in frequency at the Greek power network due
to anomalies at the Cerna Voda nuclear plant of Romania was offset by positive changes in
the exchange of electricity between Greece, Albania, Bulgaria, and Yugoslavia.
Source: Kampouris et al. 1999, p. 81.

that experienced a critical event that took place in another country (in this case
Romania). More specifically, Figure 6.3 shows how each of the lines connecting
Greece to Albania, FYROM/Macedonia, and Bulgaria was affected by the Septem-
ber 1997 anomaly at the Rumanian nuclear station, by illustrating how each line
was used to channel electricity from Greece to Rumania amid a loss of 710 MW in
Rumania that caused a drop in the frequency of the Greek network.69

Steven Lubar has offered a convincing interpretation of engineering repre-
sentations (diagrammatic and otherwise) as normative means to social power.70

In the case of the diagrams just discussed, we find not simply representations
of social power but, more specifically, representations of the social power of
the transnational interconnections of national power networks. As such, these
diagrams offer maps of southeastern Europe that are especially suitable for accom-
modating a transnational historiographical perspective. They help us to realize
that the distance between, for example, Kozloduy or Cerna Nova and Kozani has
been radically shortened through the transnational interconnections of national
technological networks. It has always been rather clear that a nuclear accident
at Kozloduy could mean catastrophe for a good part of Greece. This much has
been well known to Greek society – its journalists, its politicians and its citizens –
who have been arguing in favor of shutting down Kozloduy.71 By contrast, the
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transnational history we sought to advance in this chapter focuses on something
that is much less well known: a history of technological integration that shows
how the Greek non-nuclear power plants were actually linked to the Bulgarian
Kozloduy nuclear plant.
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Coping with Complexity



Introduction

In Parts I and II we investigated energy vulnerabilities illustrative of Europe’s
critical infrastructure interdependencies across political and geographical bor-
ders. In Part III we turn to the second major category of critical infrastruc-
ture, namely information and communication technology (ICT). Here we find
an additional form of cross-boundary vulnerability: growing interdependencies
between Europe’s transnational infrastructure systems implied that failures
could transcend system boundaries and spill over from one infrastructure sys-
tem to another. To investigate such cross-infrastructure vulnerabilities, the
following chapters discuss the introduction of ICT infrastructure in electric
power, air-traffic control, and emergency communication systems. Although
Part III focuses mainly on developments in northwestern Europe, it brings
into play such different geographical scales as mesoregional collaboration,
bilateral linkages, national policy priorities, and microregional dynamics. All
were important units of building, experiencing, and governing infrastructure
vulnerabilities.
The chapters in Part III tackle three aspects of the cybernation of critical infras-

tructure and its vulnerabilities. In Chapter 8, Lars Thue addresses the increasing
complexity of critical infrastructure entanglements and their implications for
vulnerability. Apart from integrating infrastructure networks of different coun-
tries, ICT also allowed for an enhanced integration of different systems and
subsystems, thus creating what Paul Edwards calls “networks of networks” or
“internetworks.” Did such increased complexity make systems more or less con-
trollable, and more or less vulnerable? Thue analyzes the relations between the
Norwegian power industry and the European mainland. He tries to make sense
of the notion of technological complexity by introducing the notions of hori-
zontal and vertical integration. Horizontal integration refers to the geographical
extension from local or regional to national and international networks. Verti-
cal integration often takes place in parallel with this process and refers to the
increasing dependence of power systems on ICT-based control systems. Thue
describes the developments in Norwegian electricity as a process leading from
local electricity systems in the 1930s to transnational systems in the 1970s.
In the transition from local to regional electricity systems in the 1930s, control
functions were rather tightly connected to high-voltage installations. From the
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1930s, regional high-voltage systems developed into national systems. Control
systems were then based on telecommunications and relays. In the 1970s the
number of transnational connections grew, and so did computers, digital data
communication, and automation. The system became more complex and thus
an intriguing paradox emerged: the ICT-based control systems installed to reduce
vulnerability may themselves cause more complexity and vulnerability. Although
key actors in the history of Norwegian power argued that increased control is
related to increased vulnerability (e.g. the engineer Brochmann in the 1930s),
Thue shows that vulnerability judgments are socially constructed and infused
with a high degree of uncertainty. Despite all potential sources of vulnerabil-
ity, he argues that “given the huge and increasing flows of electricity generated,
transmitted and distributed, the stability of technological complexes are impres-
sive.” In the end, complexity did not result in greater chances of blackouts, but
rather in more uncertainty about vulnerability, reliability, and risk distribution
in the power industry. Thue concludes his chapter with the warning that this
uncertainty and the resulting knowledge vacuum can be exploited by strong eco-
nomic interests, and that this constitutes a challenge for present-day vulnerability
governance.
The second theme that Part III scrutinizes is the relation between standardiza-

tion, harmonization, and vulnerability. In order to create networks across borders,
historical agents worked hard to make different systems, based on different stan-
dards, compatible and interoperable. The same applies to the rules and agreements
in international organizations, such as Eurocontrol. It is often assumed that stan-
dardization reduces vulnerability, but does standardization indeed lead to a better
international coordination and, hence, to a decrease in vulnerability? This prob-
lem is addressed by Anique Hommels and Eefje Cleophas in Chapter 9. They
analyze the history of emergency communication from a vulnerability perspec-
tive. For a long time, emergency communication between police, ambulance, and
fire-fighter services took place in separate local analog radio networks. Since the
late 1970s more efforts have been made to establish cross-border cooperation
between local emergency services and to harmonize agreements about technical
equipment and radio frequencies. In the 1990s the European Telecommunication
Standards Institute began to develop a digital technical standard for emergency
communication called Tetra. Initially the idea was that Tetra would be the tech-
nical backbone of a pan-European network for public safety, but this dream never
became a reality. To analyze the dreams and dilemmas of a common standard
for emergency communication, this chapter studies two cases of microregional
cross-border emergency communication. The first case focuses on the explo-
sion in May 2000 of a fireworks storage facility in the Dutch city of Enschede,
close to the German border in one of the EU’s first Euroregions. German fire-
fighters came to the rescue of their Dutch neighbors, and their collaboration
required ample improvisation. The second case studies a major test of a stan-
dardized, Tetra-based network for emergency communication in the Euroregion
of Maastricht (the Netherlands), Aachen (Germany), and Liège (Belgium). The
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chapter shows how vulnerabilities did not disappear, as intended, but merely
changed character.
In Chapter 7, Lars Heide, too, discusses the dilemmas involved in the standard-

ization and harmonization of air traffic control when Eurocontrol was established.
The standardization of infrastructure and software allowed a number of geograph-
ically dispersed civilian and military air-traffic control centers to be combined
into one center in Maastricht. The idea was that this single center would pro-
vide far better possibilities for coordination between the controllers operating in
different sectors. An expansion of Eurocontrol across Europe would require a fur-
ther standardization of air-traffic control across the member countries, so that
all centers would operate on the same system. However, Eurocontrol’s member
states were unwilling to surrender national sovereignty to their supranational
organization. The basic idea that technological standardization reduces vulner-
ability was adopted, as in the case of Tetra, but in the case of air-traffic, the
advantages offered by the rigid Maastricht air-traffic control system based on
mainframe computer technology of the 1960s and 1970s offered limited advan-
tages compared to separate national air-traffic control operations, which most
West European countries preferred. In contrast, the central flight flow manage-
ment system of the 1990s and 2000s, built upon a more flexible technology and
was accepted by all countries in Western Europe (except Iceland), most countries
in Eastern Europe, and several countries in adjacent parts of Asia. It contributed
to Western Europe’s extension to the east after the fall of the Soviet Union in
1991.
A third concern of Part III is the scale and character of cooperation and vul-

nerability management. Cooperation took place at the local, regional, national,
and international levels in the case of emergency communication, at the national,
and international levels in the case of the Norwegian power industry, and at the
national, international, and supranational levels in the case of European air-traffic
control. For instance, while national air-traffic control remained operational,
Eurocontrol advocates assumed that “once a technical air traffic control infras-
tructure was established, national governments would accept its advantages and
implement a unified, advanced air traffic control system across Western Europe.”
However, originally a mere six Western European countries joined the Eurocontrol
project. Meanwhile another organization, the International Civil Aviation Orga-
nization, added a third layer. Advocating the full integration of national air-traffic
control systems for the upper airspace to reduce risks, this organization worked
to introduce analog radar, computer-mediated radar pictures, and a flight-plan
database from the 1950s. Similar to Thue in the case of electricity sector cyberniza-
tion, Heide concludes that this multilayered European air-traffic system has turned
out to be surprisingly safe. If facilities such as the Central Air Traffic Flow Manage-
ment Unit break down, air traffic can still continue, but less efficiently. Air-traffic
controllers are trained to operate when one or more of their technical facilities
fail, but this kind of operation always imposes limits on traffic density. Still, Heide
shows, like Hommels and Cleophas in their case of emergency communication,
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that the dream of a pan-European system also turned out to be hard to realize in
air-traffic control because its operational advantages were limited.
Together, the chapters in Part III show how the integration of ICT into systems

for air-traffic control, electricity, and emergency communication took shape in a
context of attempts at European integration, vulnerability reduction, and infras-
tructure control. Ironically, in many cases these attempts triggered new dilem-
mas for the governance of such geographically dispersed, complex, vulnerable,
hard-to-control, ICT-based internetworks.



7
Eurocontrol: Negotiating Transnational
Air Transportation in Europe
Lars Heide

Introduction

On June 30, 1956, a United Airlines DC-7 collided with a Trans World Airlines
(TWA) Lockheed “Connie” over the Grand Canyon in the United States. The acci-
dent killed all 128 people on the two craft, the greatest loss of life in any air
crash of the time.1 This major mid-air collision had an enormous impact on the
public debate about air-traffic safety in the United States as well as in Europe, as
press coverage shows.2 The crash was caused by the inability of pilots of modern
propeller-driven aircraft of the 1950s to stay clear of each other using the “see
and be seen” principle. This rule was the basis for air traffic in vast areas outside
clearly demarcated airways and zones around major airports of the United States,
including the Grand Canyon area. Although this principle worked at slower speeds
and lower altitudes, it was inadequate to separate the two four-propeller aircraft
in the Grand Canyon crash. They flew at greater speed and higher altitudes where
the atmosphere could be hazy on even an apparently clear day. Higher speed and
increased traffic made air transportation more vulnerable.
The Grand Canyon crash and several smaller midair collisions in the mid-1950s

were a major reason for the passage of the Federal Aviation Act of 1958.3 By this
means, Congress created the Federal Aviation Agency (renamed the Federal Avi-
ation Administration in 1967), which established a nationwide air-traffic control
network for civilian flights. Though Western European countries did not experi-
ence any mid-air collisions of large craft at that time, the Grand Canyon disaster
was widely reported in the media and became a prominent reason for improving
air-traffic control in Europe.4

Air-traffic control is a transnational infrastructure that directs aircraft in travel-
ing between airports as well as in landing and taking off. Its objective is to reduce
risk in air transportation or, in industry terms, to “improve safety.” Ground-based
air-traffic control centers are responsible for controlling and monitoring move-
ment between origin and destination airports. Each center is responsible for a
defined geographic area; as an aircraft continues to fly beyond its area of origin,
the responsibility for monitoring and directing the craft is transferred to the next
air-route center. The flight continues to be transferred until it reaches the control
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area at its destination. At this point the air-traffic control function is turned over to
a controller in an airport traffic-control tower, and the craft is guided to land and
taxi to a parking place. It is based on the English language as a standard of commu-
nication, in contrast with the situation in, for example, railroads and emergency
communication systems (see Chapter 9, this volume).
The pressure to improve air-traffic control in the late 1950s was given a further

impulse by growing air traffic and the introduction of faster civilian aircraft – tur-
bopropeller and jet-propulsion craft – that were even faster than the four-engine
propeller-driven craft of the Grand Canyon disaster. Growing air transportation
meant that more frequent flights and faster speeds gave air-traffic controllers less
time to react. At the same time, they had to handle a more complex picture of
aircraft operating over a greater range of speeds. In the late 1950s, these chal-
lenges were answered through improved air-traffic control in the United States and
Western Europe. The United States established a country-wide air-traffic control
system based on radar monitoring. The Western European endeavor to improve
the safety of civilian air traffic was hampered by the division of the airspace
into many separate national airspaces along national borders. Western European
efforts, therefore, in addition to seeking improved national technical air-traffic
control systems, called for a reduction in vulnerability through transnational
governance or coordination.
Very few scholars have studied the air-traffic control infrastructure.5 Johan

M. Sanne’s detailed analyses of air-traffic control operations focused on the
essential interaction between pilots and air-traffic controllers, and their mutual
trust in an institutional context. Ralf Resch studied the general development
of the air-traffic system from an organizational perspective. This chapter com-
plements Resch’s study by focusing on the interplay between the technical and
organizational aspects of establishing and operating air-traffic systems.
At the heart of Western European air-traffic control was an organization known

as Eurocontrol. Between 1960 and 1981, it existed as a transnational air-traffic
control project intended to reduce vulnerability in air transportation through
supranational governance and improved monitoring technology. Six Western
European countries worked together to establish a unified air-traffic control system
for their upper airspace (above about 20,000 feet [6000 m]) based on monitoring
air traffic with a computer-mediated radar system, which significantly improved
monitoring over analog radar systems, and on the renegotiation of governance.
Eurocontrol successfully established this information technology platform for
transnational air-traffic control but proved unable to extend operations beyond
four of its six Western European member countries.
In this chapter I first analyze the discrepancy between technical progress and

organizational restraint between 1960 and 1981, showing how the opportunities
for a more sophisticated technical infrastructure came to prevail over its techni-
cal limitations and how the problems of establishing transnational governance
reduced the scope of the project. The supranational Eurocontrol project was based
upon an assumption that once a technical air-traffic control infrastructure was
established, national governments would accept the inevitable and implement a
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unified, advanced air-traffic control system across Western Europe. This assump-
tion did not materialize, which changed the organizational scope of the project
from supranational to international.
The reduced organizational scope became the basis for establishing a register of

scheduled flights, in the late 1980s, stored in a large computer in the Eurocontrol
headquarters in Brussels. I discuss how this new system emerged and how it
was related to Eurocontrol’s transformation in 1997 into a more open interna-
tional governance institution with airlines and national air-traffic organizations
as stakeholders in the extension of the Western Europe system to the East after the
fall of the Soviet Union in 1991.

Air-traffic control in the 1950s

In the earliest phase of civil air-traffic developments, only the immediate airport
environment had traffic control to safeguard approach, landing, taxiing, parking,
and takeoff, which has always been the most vulnerable part of a flight. Begin-
ning in the 1930s, en route control was established to manage the traffic between
airports based on audio radio communication between pilots and ground-control
units.6 Every country controlled its own airspace as an integrated part of its claim
to sovereignty. They had separate control of civilian and military aircraft, and
the military was responsible for rejecting unauthorized craft entering the national
airspace. The mode of cooperation between civilian and military air-traffic control
varied between countries.7

Every country’s civilian airspace was divided into sectors, each of which was
controlled by an operator. The operator monitored the progress of airplanes
through pilots’ reports of passing distinct “way points” on the ground along the
route. Safe separation by this rough means required a wide distance between craft
and was feasible only when traffic density was low. The air-traffic control unit
could cover several sectors, receiving flight plans filed by the aircraft captain at
the air-traffic facility in the departing airport via the international aeronautical
telecommunication network. At the beginning of the flight, flight information
(aircraft identification: e.g., aircraft registration or a flight number, aircraft type,
assigned altitude, departure and destination, and at least one time) was written on
“flight control strips” and distributed to a controller in each sector. Each controller
organized their flight control strips on a “flight strip board” displaying informa-
tion about all craft in their sector. The controllers monitored aircraft progress based
upon radio communication with the pilots and kept track of their movements by
the use of flight strip boards andmaps in the air-control unit of the airways marked
on the ground.8 The Grand Canyon crash sadly demonstrated the limitations of
this mode of control. Because air-traffic control did not have the means to con-
trol the two craft’s exact positions along the route, the reduction in vulnerability
would have required sufficient separation between the two craft to avoid the faster
United Airlines craft overtaking the slower TWA craft before their flight directions
separated. This would have delayed the departure of the United Airlines flight and
reduced the scale of air transportation.
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In the 1950s, growing air transportation and faster craft challenged the estab-
lished air-traffic control mode. Growing air traffic could be coped with by
introducing more air-traffic controllers. Safety concerns required that controllers
be able to monitor the separation between planes, which limited traffic density.
This could be overcome by dividing a control sector into several smaller sectors,
each operated by an air-traffic controller. However, this way of coping with vul-
nerability had limited effects because increasing the number of controllers caused
more communication between controllers, making it difficult to monitor a sector
through which flights passed very quickly. Instead, air-traffic control organiza-
tions chose to improve their operations through technical means, enabling one
controller to monitor more aircraft and operate safely with less separation, first by
monitoring with analog radar, later with computer-mediated radar systems, and
finally through a register of scheduled flights. However, each time a new techni-
cal device was introduced to reduce vulnerability it also added a new reason for
failure.
Analog radar systems were introduced in the 1950s and facilitated closer control

of air traffic. The air-traffic controller was now located in front of panoramic radar
displays of their sector and still used flight-control strips to keep track of aircraft.
Each air-traffic control unit was based on radar screens with rotating antennas
that recreated the radar image at each turn of the antenna; for each rotation, the
controller had to identify the dots with dots in earlier radar images and flights
in their sector. The well-established flight-control strips were kept at the screen
as a quick way of annotating flights, to allow others to see instantly what was
happening, and to pass on information to other controllers in the same control
unit who would subsequently control the flight. Analog radar was accepted by air-
traffic control despite several technical shortcomings that subsequently surfaced.
The new technical device was a complement to a smoothly functioning system,
and the controllers were always trained to operate a system with any element
failing, be it radar, radio, or another tool.
Controllers matched the flight information with the spots on their analog radar

screens made by aircraft in their sector, some of which might have been military
craft beyond their control. They compared data on position and planned course
for all craft in their sector and identified upcoming problems, like changes in
airway or collision risk, and formulated instructions to control the aircraft. An air-
craft entering a new sector would report to the new controller on their specific
radio channel, and in most cases no contact was needed between the old and new
controller, as they both referred to the same flight plan from the departing air-
port. Significant deviation from the original flight plan or, for example, a detected
collision risk in a neighboring sector would cause one sector’s controller to con-
tact the neighboring sector’s controller, whether located at the same or in another
control unit. If they belonged to the same unit, two controllers could easily make
contact directly. If they belonged to different units, however, telephone contact
was necessary. In the latter case there was a risk that the line was busy.
To summarize, in the 1950s, national air-traffic control networks were

based on several separate infrastructures – telephone, telex, and various radio
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communication networks, civil and military, for communication with aircraft
pilots. Further, the control units were located at the radar installations because
of technical problems related to transmitting analog radar images. The work of
air-traffic controllers had two sets of limiting factors. First, controllers had to use
their power of judgment to distinguish the various altitudes of the aircraft in order
to be able to foresee potential collision risk based upon their identification of
dots on radar screens with flight data on flight strips. Identification was further
complicated by irrelevant radar signals on the screen and weak representation of
planes located immediately above the radar antenna. These technical limitations
reduced the number of flights they were able to monitor and guide. Second, air-
traffic control services were organized separately in every country. In Europe, this
complicated the task of handing over a flight from one country to a neighboring
air-traffic control service.

Establishing Eurocontrol

The introduction of civilian turbo-propeller and jet-propulsion aircraft in the
mid- and late 1950s challenged the established air-traffic control structure in two
ways. In contrast with traditional propeller craft, these craft reached their opti-
mal cruising altitude in upper airspace, where only military craft had operated
so far. In addition, their faster speed challenged the established organization and
practices for air-traffic control in Western Europe, particularly the division into
separate national airspaces. High-speed craft quickly passed through the airspace
of small countries. This was expected to become a serious problem particularly
after the introduction of even faster, supersonic aircraft, which producers started
considering in the late-1950s (though the first Concorde test flight did not take
place until 1969). Growing volumes of civilian air transport and several midair
crashes in the United States provided additional motivation for the endeavor
to improve Western European air-traffic control.9 These problems were regularly
discussed by government representatives at meetings of the International Civil
Aviation Organization (ICAO). ICAO had been established in 1944 as an agency of
the United Nations, superseding an organization founded in the interwar period.
The establishment of ICAO was based on the perception that airspace was a sphere
of national sovereignty regulated by national governments. Airlines were orga-
nized in the International Air Transport Association (IATA), established in 1945,
and only influenced air-traffic control issues through national governments.
In the mid-1950s, ICAO responded to the problems of air-traffic control for the

upper airspace by advocating the full integration of air-traffic control systems for
the upper airspace across existing national borders. In 1958 the Federal Repub-
lic of Germany (FRG, West Germany), Belgium, Luxemburg, and the Netherlands
agreed to establish a common civilian air-traffic service for their upper airspace
and invited adjacent countries to join the project. France and the United King-
dom accepted.10 These countries devised a plan for a common organization and
established the International Convention relating to Cooperation for the Safety of
Air Navigation, Eurocontrol, which they signed in 1960.11
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The original convention’s objective was to reduce risk in civilian air transporta-
tion by creating an international control organization that would be entirely
responsible for civilian traffic in the upper airspace in Western Europe with due
regard to the requirements of national defense, which was essential in the midst
of the Cold War. National governments were to keep control of lower airspace
used for landing and takeoff. All founding members were also NATO members.
The air-traffic service agency, later called Eurocontrol like the convention, was
to provide civilian air-traffic services for the upper airspace. Eurocontrol was to
be managed through a board of directors (the Permanent Commission) with rep-
resentatives from all member governments, and a management committee, also
made up of representatives from all member governments. Member states had
votes weighted according to gross national product (GNP), assigning large votes to
large states. It was decided that Eurocontrol’s headquarters were to be located in
Brussels.
Eurocontrol had an implicit objective of advancing the integration of Western

Europe, constituting one of many attempts to integrate Western Europe after the
Second World War. Eurocontrol can be said to have belonged to a group of less
conspicuous public and private projects that contributed to a “hidden integra-
tion” of Europe and thereby complemented the more well-known (and more
well-researched) high-profile projects, such as the European Economic Commu-
nity (EEC).12 Eurocontrol’s foundingmembers were different from the original EEC
members: five countries were both founding members of EEC and Eurocontrol,
while the United Kingdom joined the EEC only in 1973. Eurocontrol’s founders
appropriated “Europe” for the new organization’s name. Like the founders of the
EEC, the European Coal and Steel Community and the European Atomic Energy
Community, the founders of Eurocontrol tended to equate “Europe” with Western
Europe.

Computer-mediated radar and the Maastricht
Upper Area Control Centre

An original objective of Eurocontrol was to establish common control of the
upper airspace of Belgium, Luxembourg, the Netherlands, and West Germany.
This linked Eurocontrol to ongoing efforts to attain better radar images through
technical innovation. In 1964, Eurocontrol decided to establish an upper airspace
control unit at Maastricht for the northern part of this area, covering Belgium,
Luxembourg, the Netherlands, and the northern part of West Germany (the bor-
der was drawn between Cologne and Frankfurt). The Maastricht Centre would
replace nation-oriented upper airspace control units in Brussels (Belgium and
Luxembourg), Amsterdam (Netherlands), and Hanover (northern Germany).13

When discussing the situation in the 1960s, it is essential to note that the FRG
was a completely different country than the Germany of today. As a result of the
SecondWorldWar, West Germany had been occupied by the United States, Britain,
and France, and this occupation lasted until 1992. The allied occupation powers
imposed extensive restrictions on air-traffic operations over the FRG, and Allied
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air-traffic organizations operated the three air-traffic corridors linking West Berlin
with West Germany.
In the late 1950s, the German air force funded R&D projects at Siemens &

Halske, AEG-Telefunken, and other companies to sharpen the quality of analog
radar images, with the aim of improving the monitoring of air traffic. The air
force discarded analog amplification and “extracted” aircraft images from irrel-
evant radar signals (“shadows”), such as clouds and unwarranted responses to
different interrogation signals. This extraction and amplification was achieved by
converting the analog images into digital images, which were manipulated by
computer. Software for this task was developed in the years around 1960, based
upon predictions of each aircraft‘s movements, which constituted an early exam-
ple of software-based image processing.14 When the Eurocontrol project started,
Germany provided this expertise.15 This contributed to the project’s sophisticated
mathematical and computer ambitions, merging radar signals from several radar
units into a virtual model of the area’s complete airspace. The project included
extensive studies to formalize information about the behavior of all civilian air-
craft types in order to facilitate the virtual model’s prediction of their behavior
while airborne, which enabled the linking of several radar dots and the projection
of their flight during the next several minutes.16

Eurocontrol used this as a basis for designing the Maastricht Centre’s computer
system, incorporating results from projects at the US Federal Aviation Agency.17

A complex and advanced information technology system should facilitate the air-
traffic controllers’ willingness to rely on the computer-enhanced radar images.
The computer generation of radar images and all other elements was tested and
the system was designed at great expense to enhance reliability, in many instances
through the duplication of facilities. The system processed flight-plan data from
departing airports and radar data from several radar stations to produce digital
radar images that were distributed to air-traffic controllers’ working positions.18

The flight-plan data from departing airports, particularly the time, were checked
and updated, and a computer printed flight-control strips for use by the con-
trollers. This produced strips that included the time of the craft’s entry into each
control sector, which reduced the risk of the erroneous identification of craft.
At the five radar installations at Bremen (FRG), Hannover (FRG), Frankfurt

(FRG), Leerdam (Netherlands), and Brussels (Belgium), computers converted the
analog radar signals into digital signals and “extracted” aircraft radar signals from
irrelevant signals. The digital signals were then transmitted to the main computer
in Maastricht via two independent telephone lines to enhance reliability. The
main computer at Maastricht merged the radar data from the five sites, correlated
the outcome with flight plans, and produced a virtual model of the area’s airspace
that was continually updated. All aircraft in the upper airspace were detected by
several radar systems, and the computer system integrated all incoming radar
data so that the controller only had a single aircraft presented on their display.
The flight plans facilitated safe identification of planes with radar images. Orig-
inally there were errors in the representation of the data on the screens, which
were replaced, but the clarity and legibility of the data on the new screens was
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significantly preferable to traditional displays of analog radar data. Even if one
radar system failed, the controller still got their information.
Air-traffic control was based upon primary and secondary radar systems. Primary

radar systems detected only electromagnetic reflection from the aircraft, while sec-
ondary radar identified an aircraft based on information from a transponder in the
plane. Normally the transponder would inform a secondary radar of the aircraft’s
identity and altitude, which the Maastricht system used to display as a label at
the aircraft’s current position showing its identity and altitude. To enhance safety,
the Maastricht system also identified craft based on data from primary radar or
from aircraft equipped with defective transponders. This substantially improved
controllers’ identification of craft and safety. Though secondary radar imparted
much more information to air-traffic control, it was considered less reliable than
the original – primary – radar. Air-traffic control systems therefore continued to
use primary radar in addition to the new secondary radar.
To increase reliability, the Maastricht system had three identical main comput-

ers. The first ran the system for air-traffic control; the second was on standby,
copying the operations on the first computer, and was immediately available at
any failure. The third computer was off, and went on standby as soon as the sec-
ond computer started actively operating air-traffic control. This double backup
ensured non-interrupted operation, and allowed the third computer to be used for
test work, as long as the first two computers were operating correctly. This pro-
vided a unique opportunity for the operational testing of programs developed by
Eurocontrol’s experimental center in France. The Maastricht Centre had a test sec-
tor with up to four working positions available for program tests. Controllers were
assigned to these positions and tested the new programs without interfering with
live air-traffic operations. The virtual upper airspace model in the main computer
covered the Maastricht Centre’s complete area; the parts of the model needed
for the display of specific sectors were selected and distributed to the controller
displays by several secondary computers.
Since industry did not yet have much experience with such advanced sys-

tems, Eurocontrol designed its own computer system for the Maastricht Centre.
Various companies were able to build computers and displays, but Eurocontrol
wanted a homogenous system and developed it through a dialog with industry.19

In 1966, Eurocontrol invited tenders from a large number of European compa-
nies and received five tenders in 1968. Eurocontrol’s technical experts preferred
the tender from a consortium of Companie Générale de Télégraphie Sans Fil (CSF,
France), Plessey Radar (UK), and Telefunken (FRG). However, they requested the
Telefunken main computers to be replaced by IBM 360/50 computers, because
only IBM was able to supply a large, proven computer and could provide reliable
after-sales service, including the immediate availability of spare parts. Eurocontrol
needed a 24-hour service guarantee to ensure prompt repairs in case of techni-
cal problems.20 The British and French members of Eurocontrol’s management
committee objected to acquiring IBM computers because similar computers from
European producers were, or would be, completed by the planned opening of the
Maastricht Centre in 1972. But Eurocontrol’s staff experts insisted on the use of



Heide 199

IBM computers. If other computers were to be used, the experts declared that
they would not be able to guarantee safe and secure operation of the Maastricht
air-traffic control system from its opening. The management committee with
representatives from all members finally gave in, with the decisive stipulation
that the IBM computers be built in England.21 But the computers were designed
in the United States and high reliability had thus won out over nationalistic
concerns.22

During the development of the software in the period from 1969 to 1971,
demand emerged for greater capacity on the central computers, for three reasons.
First, Eurocontrol’s experts originally underestimated the size of the software com-
plex. Second, real-time programming languages became accepted tools for writing
real-time applications, replacing assembler language. Assembler language varied
from one computer model to another and maintenance was easier for real-time
programming language programs, but these were larger than equivalent assem-
bler programs. Third, air traffic grew at an unprecedented rate. For these reasons,
Eurocontrol extended the main computers of the Maastricht Centre through sev-
eral phases. Originally it was based on IBM 360/50 central computers, and first
upgraded to IBM 360/65 computers (1970), and then to IBM 370/155 computers
(1971).23 Ironically, the original choice of the small IBM 360/50 computer had
probably simplified the acceptance of acquiring IBM equipment because it cost
less than its larger successors.
The design of the wide-area Maastricht Centre also entailed a new organiza-

tion of air-traffic control operations in order to reduce control transfers between
sectors and controllers and associated coordination tasks. The plan was for one
large sector of Belgium, one large sector of northern West Germany, and one
large Dutch sector. The large sectors would be controlled by teams, in contrast
to the traditional mode of an individual controller operating each small sector.
The team design was based upon results from air-traffic control research in the
United States, where sector teams of one planning controller were assisted by
up to four radar controllers.24 The planning controller would plan the passage
of an aircraft through the larger sector. A planning controller applied the fairly
wide separation standards applicable at the planning stage and found a route for
many flights before the plane entered their sector, which enabled the radar con-
troller to control the flight with little interference. For some flights, the planning
controller might be unable to resolve all potential conflicts, and he would then
decide to allow the aircraft to continue with less separation than used for plan-
ning purposes, but under close surveillance by the radar controller. The radar
controller maintained radio contact with the craft and monitored its progress
along the cleared path, observed minimum radar separation, and watched out
for the emergence of unanticipated conflicts. The arguments for this new organi-
zation were that it combined safety and efficiency, particularly by reducing the
number of transfer of craft from one control sector to another. Finally, data pro-
cessing at the Maastricht Centre included automatic updating of flight-plan data,
computer printing of flight-control strips, and use of flight data to facilitate safe
identification of planes on radar images.25
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The complexity and cost of the sophisticated computer-mediated Maastricht
Centre made its introduction different than the start of analog radar in air-
traffic control in the 1950s. Once the Maastricht Centre assumed control of an
area, upper airspace control operations moved significant distances from Brussels,
Frankfurt am Main, and Amsterdam, which rendered it difficult to return to ana-
log radar-based control at the original locations. This made it essential to reduce
the Maastricht Centre’s vulnerability. The system received several alternative com-
puters, as we have seen, as well as other equipment to reduce vulnerability. This
was costly but proved successful. In addition, Eurocontrol assumed phased con-
trol of its vast upper airspace, which made it possible to return operations to the
former analog computer-based localities. The transfers were, eventually, success-
ful. The success of the computer-mediated air-traffic control system was based
on English as a well-established standard of communication upon which the
Maastricht system was built from the outset. It established reliable standards of
technical communication that remain valid even today.
In 1964, Eurocontrol had already assumed control of the upper airspace of

Belgium and Luxembourg, operating at Brussels Airport based upon existing tech-
nology. In 1972 it successfully moved this operation to the new control center at
Maastricht and inaugurated the core of the center’s computer system. Two years
later, Maastricht took control of the upper airspace of the northern part of the
FRG. In 1975, Maastricht planned to take over control of the Dutch upper airspace.
However, the Dutch national controllers rejected this transition, which included
relocation of operations from Amsterdam to the far south of the country. This
was a conflict between the organization’s supranational objectives and national
concerns, and the Dutch government proved to be unwilling to honor its commit-
ment to transfer operations to Maastricht. This situation lasted until 1986, when
control of the upper Dutch airspace was transferred to Eurocontrol in Maastricht.
West Germany decided to move its military air-traffic control of the northern

part of the country to Maastricht in 1970. There it occupied the vacant Dutch
control positions.26 The military had two air-traffic control systems: air defense,
which was linked with many other countries through NATO, and operational air-
traffic control, which dealt with training fights and transport flights. Belgium,
West Germany, and the Netherlands had separate operational air-traffic control
operations, a trade-off between air-traffic vulnerability and the military perception
of sovereignty. Luxembourg had no air force. At that time, operational military air-
traffic control for the northern part of the FRG was negotiating with industry to
acquire a new air-traffic control system. Eurocontrol invited the Germans to join
Eurocontrol in the Maastricht Centre and assume the advanced, completed, and
reliable working positions built for Dutch civilian control. The German military
accepted the invitation, probably for cost reasons. Since then, Eurocontrol has
colocated military and civilian air-traffic control, facilitating an informal reduc-
tion of vulnerability according to Eurocontrol air-traffic controllers in 2008,27 but
this does not appears to have been a reason for the German military to accept
the invitation. The military air-traffic controllers were stationed at certain work-
places in Eurocontrol’s control room, with their own military supervisor sitting
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next to Eurocontrol’s civilian supervisor. They had practically the same informa-
tion on their radar screens, including flight-plan data. The advantage for both
military and civilian controllers was that they could work from the same system
using the same information. This enabled them to make efficient common use of
the airspace even though the cooperation remained informal and the civilian and
military controllers remained part of separate organizational spheres. The Dutch
and Belgian military refused to move to Maastricht.
The hesitation of the Dutch to move the air-traffic control of its upper airspace

to Maastricht caused modifications to the planned introduction of larger sectors
for organizing the control operations.28 The absence of the planned large Dutch
sector between 1975 and 1986 from the area controlled by Eurocontrol implied
that there was little advantage in carrying out the initially envisaged cross-country
planning. Instead, Eurocontrol established a planning control and radar control
as a functional distinction in every sector. The planner did his work prior to the
aircraft’s arrival. When it arrived in the sector, the radar controller took respon-
sibility, both when the flight followed the plan and when deviation occurred,
such as with a late aircraft or an aircraft at a different altitude. When the Dutch
eventually joined Eurocontrol in Maastricht in 1986, these established procedures
remained.
The Maastricht air-traffic control system was a complex and integrated system

for the four national air-traffic control units that it replaced (civilian and military).
The computer-based facilities enabled improved safety, higher traffic density, and
greater controller productivity. With traditional radar control, a controller had
originally been able to control up to six or seven aircraft at the same time, while
the Maastricht system allowed them to control 12–15 aircraft. The replacement
of three civilian and one military air-traffic control centers linked through several
separate infrastructures with an integrated system in one unit provided far better
opportunities for coordination between the controllers operating in various sec-
tors, to a large extent based informally upon colocation. The main limitation to
the advanced Eurocontrol system was that gaining full advantage required stan-
dardizing air-traffic control across Eurocontrol member countries, as in the United
States, which has 21 air-traffic control centers operating on the same system.
However, Eurocontrol’s member states were not willing to relinquish sovereignty.

Negotiations between technical success and
organizational constraints

The momentum of creating the original convention in 1960 remained until it had
been ratified by the member states and began operation in 1964. Subsequently,
Eurocontrol experienced two divergent sets of developments: the successful estab-
lishment of an advanced, computer-mediated air-traffic control infrastructure, and
the members’ resistance to ceding sovereignty to establish joint control of the
upper airspace of its member states.
Eurocontrol had been successful in building sophisticated, reliable air-traffic

control units for the upper airspace at Maastricht in the Netherlands (opened in
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1972), Shannon in Ireland (1975), and Karlsruhe in West Germany (1977) that
could act as nodes of a united Western European air-traffic control infrastructure
network. Eurocontrol had clearly advanced the technical capability of air-traffic
control.
Simultaneously, the Eurocontrol project reached a deadlock with regard to estab-

lishing supranational control of the upper airspace, or even a common structure
for this airspace. Originally, Belgium, the FRG, Luxembourg, and the Netherlands
had divergent lower limits for their upper airspace, with the lower limits at 25,000
feet (7600 m) in Germany and 20,000 feet (6100 m) in Belgium, Luxembourg,
and the Netherlands. They did not accomplish a complete harmonization by the
opening of the Maastricht Centre, though Germany reduced the lower limit of its
upper airspace to 24,500 feet (7500 m).29

While Belgium, the FRG, Luxembourg, and the Netherlands pursued a common
supranational solution from the outset, the United Kingdom and France went for
national solutions and kept complete control of their upper airspace. The official
reason was national sovereignty, but requests from national unions of air-traffic
control personnel to keep control of these jobs were a reason as well.30 The British
government opened the discussion as early as 1963 by stating that it would keep
full control of the civil air-traffic control in its upper airspace in order to facilitate
coordination with its military air operations, referring to the vague reference to
military operations in the original Eurocontrol convention. The action seems not
to have been coordinated with France, which jumped to support it.31

This split between countries pursuing the supranational agenda and the nation-
alists surfaced in the yearly discussion of Eurocontrol’s funding. Originally the
organization was funded exclusively by annual contributions from the member
countries, which the members apportioned based upon GNP. In 1965, France
complained about what it considered to be Eurocontrol’s drain of the French
national budget. The other members countered this with a suggestion to intro-
duce a centralized system, in which a single charge per flight would be collected
on behalf of the Eurocontrol member states and then reimbursed to the mem-
ber states, which would also enhance Eurocontrol’s organizational position. The
member states decided to establish this system in 1969, locating the Central Route
Charges Office at the Eurocontrol headquarters in Brussels. The system was intro-
duced in 1971. It charged aircraft operators for each aircraft that used a given
airspace, the exact cost being dependent on the distance flown and the weight
of the aircraft. The proceeds financed nationally operated and Eurocontrol navi-
gation aids, air-traffic control facilities, radar systems, and associated support and
safety services.32

Subsequently, the existence of Eurocontrol-operated air-traffic control facilities
was also questioned, this time because the plans for new Eurocontrol cen-
ters in Karlsruhe and Shannon encountered organizational problems. In 1967,
Eurocontrol decided to establish a second upper airspace control center in
Karlsruhe for the southern parts of the FRG. However, the German government
conditioned its approval on the premise that the Karlsruhe center would control
more than German territory, like the Maastricht Centre, which implied control
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of the upper airspace of eastern France. As this area was controlled from Paris,
France rejected the suggestion. In response, the West German air-traffic author-
ity argued that it should operate the Karlsruhe center if it only covered German
territory. Accordingly, when Karlsruhe was key-ready in 1976, the German gov-
ernment requested the transfer of responsibility of the Karlsruhe center to its
authority, which Eurocontrol accepted. The Karlsruhe center launched operations
in 1977 and operated according to Eurocontrol standards, which remain in force
today.33

Ireland applied for membership of Eurocontrol and joined the convention in
1965. It needed help to establish an air-traffic control unit at Shannon that
would be able to manage the increasing transatlantic traffic leaving and entering
European airspace over Ireland. Flights departing for North America were put onto
specific tracks and instructed to reach certain levels and speeds before they began
their ocean crossing. Accession was complicated, as Ireland was not a member of
NATO like the six founding members.34

From 1969 on, Ireland received financial compensation from Eurocontrol due
to services for transatlantic traffic, and in 1971 the organization decided to build
a new air-traffic control center at Shannon to cope with the increasing traffic.
Just as it did for the center at Karlsruhe, Eurocontrol drew on its experiences
in building the Maastricht Upper Airspace Control Centre. The Shannon Centre
was inaugurated in 1975. However, it was operated by the Irish national air-traffic
authority, which was distinct from the Eurocontrol operations of the Maastricht
Centre and the planned Karlsruhe Centre. Eurocontrol planned to take over
the Shannon center in 1976, but right beforehand the Irish government noti-
fied Eurocontrol that it wanted to keep operation of the center. It argued that
Eurocontrol personnel would replace Irish air-traffic controllers, which might
cause conflict in Ireland. In addition, the Eurocontrol personnel would introduce
higher salaries, which could cause demand for higher salaries in the Irish civil
service.35 The Irish government might also have been inspired by France and the
United Kingdom’s continuing operation of their own national upper airspace con-
trol. Indeed, Irish accession to the nationalistic line within Eurocontrol might
have inspired the FRG’s request the following year for national control of the
Karlsruhe center.
In 1970, Belgium had already raised the issue of Eurocontrol’s inability to

implement the original convention’s objective of common air-traffic control in
the upper airspace. Subsequently, this issue was entrusted to a committee of the
deputy members of the Permanent Commission, which discussed the problems
for several years and by 1976 came to the conclusion that the main direction of
Eurocontrol activity should be the less ambitious objective of promoting coopera-
tion and coordination between the member states. In an era when air traffic grew
slowly due to the economic crisis, it found that this would provide a sufficient
framework for improving air-traffic control for the next ten years.36 Eurocontrol as
a facilitator of cooperation was accepted as realistic objective, and this became the
objective for the second Eurocontrol convention, which was signed in 1981 and
came into power in 1986 after ratification by the members.37
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Growth through cooperation and central flight flow management

Eurocontrol’s new function as a facilitator of cooperation changed the role of
its technical infrastructure. Technical infrastructure remained essential for its
member states’ ability to handle the extensive growth in air traffic and, even-
tually, the expansion of Eurocontrol membership from seven members in 1980 to
38 in 2010. Eurocontrol’s successful development of the software complex for the
Maastricht Centre and the expertise gained from its implementation was essen-
tial for improving the capability of air-traffic control units across Western Europe,
though Eurocontrol failed to implement its original objectives of operating all air
traffic in the upper airspace of all member states. It established the successful new
computer-mediated technology through cooperation with industry, which dif-
fused the new technology beyond Eurocontrol’s authority and established a new
industry standard. When you compare the current system at Maastricht (which
I had the pleasure to see in operation during a visit in October 2008) with the two
previous systems at Maastricht since 1972, two observations are worth remarking
on. Technical improvements to the computer-mediated air-traffic system have sig-
nificantly enhanced the “radar” images and produced better functionality for the
air-traffic control operations of the controller through features like touch screens
and mice.38 However, these latter improvements remained incremental compared
with the revolutionary improvements achieved by the first Maastricht system
over analog radar-based control. Further, two kinds of expertise remained with
Eurocontrol after the Maastricht center opened in 1972: the expertise of operating
advanced computer-mediated radar monitoring, and the ability to act as a forum
for international negotiations on air-traffic control in Western Europe.
Back in the early 1970s, several members had perceived the implications of

Eurocontrol’s failure to establish a unified air-traffic control system across the
member states for resolving safety and capacity problems in European air trans-
portation. Further, these problems were aggravated by Eurocontrol’s lack of success
in attracting new members. Ireland was the only state that acceded to the
convention between 1960 and 1988.
In 1979, Belgium, Luxembourg, the Netherlands, and the FRG – the Maastricht

Centre countries – found that the key problem in Western European air-traffic
control was the lack of coordination in its flight planning, which caused exces-
sive delays in airports and in the air, resulting simultaneously in unused capacity
in other locations. By then, these countries had developed extensive expertise in
separating planning control and radar control operations at the Maastricht center,
and they realized the limitations on controlling traffic in separate sectors. They
attained low vulnerability but at a cost of an inefficient use of airspace, because
the busiest sector determined traffic density. The four countries suggested solv-
ing this problem by introducing institutionalized planning of air traffic across
Western Europe, beyond the existing Eurocontrol member countries, which they
called “Air Traffic Flow Management.” The purpose was to make the best possible
use of the airspace for civil aviation by balancing demand and capacity, and cen-
tralizing air-traffic flow management in one location. Therefore the four countries
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suggested a technical solution to reduce delays without increasing vulnerability,
which implied the surrender of limited national sovereignty by participating gov-
ernments. The various national air-traffic control organizations were to surrender
their flight-planning operations prior to departure, but the operational air-traffic
control was to remain in the diverse countries and at the Maastricht Centre.39

This new conceptualization of efficient transnational air-traffic management
was based upon the emergence of relational databases and software products that
facilitated improved interactive computer operations by allowing several people to
access the same data simultaneously.40 The Maastricht software concept had been
based upon a one-way process of digitally improving radar images and the estab-
lishment of a mathematical model of the airspace of the area controlled by the
Maastricht Centre. The air-traffic controllers at Maastricht had successfully used
the dynamic information in this mathematical model of the airspace as a basis for
controlling the flights in their air sector. In contrast the proposed Air Traffic Flow
Management systemwas based upon a simple structure. Like analog radar, it would
add a new layer of infrastructure across the operational network of national air-
traffic control organizations, which controlled live aircraft. The new layer would
control the planned use of the airspace by future flights. Air Traffic Flow Manage-
ment would be based upon data from all national air-traffic organizations in the
area and a large number of air transportation companies (100 aircraft operators in
199541), which they would enter into the system’s database. In any case it proved
more complex to collect and harmonize these limited sets of data than all of the
data from a small number of radar sites, which slowed implementation.
In the late 1970s and the 1980s the growth of air traffic strained the sys-

tem of national air-traffic control, particularly in the summer vacation months.
This caused extensive and increasing delays for tens of thousands of vacationers.
The key problem was the congestion of air traffic in central parts of conti-
nental Western Europe, which would probably have been a problem even for
a unified system of closely linked air-traffic control units that covered half of
the continent. The Maastricht Centre design handled flight planning separately
for each sector. Against this backdrop, Eurocontrol discussed the suggestion by
the Maastricht Centre consortium for centralized air-traffic flow management.42

In 1987, Eurocontrol began preparing for the establishment of a Central Flow
Management Unit by establishing a computer-based register of flight-plan infor-
mation on every flight. In order to manage the flow of transnational air traffic,
the central flow managers needed access to flight-plan information on every air-
craft that was planning to fly in their airspace. Collection of data from several
national air-traffic organizations and many airlines proved complicated, so that it
took several years to establish coherent information in the database.43

In any case, a decision to establish a Central Flow Management Unit for a
wider area than Eurocontrol’s members required a wider forum. The Western
European governments used the European Civil Aviation Conference (ECAC)
for this purpose. They had established ECAC as an association of Western
European governments in 1955 to promote the improvement of safe and efficient
Western European air transportation.44 (ECAC acts as suborganization to ICAO.)
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In October 1988, ECAC decided to establish the Central Flow Management Unit
for the airspace of Western Europe and asked Eurocontrol to establish the unit,
because Eurocontrol was the only civil organization with operational experience
of air-traffic control across several countries.45

By 1988, flight plans in Western Europe were coordinated through 12 databases
that were located at selected national air-traffic authorities and covered separate
airspaces across Western Europe. In the early 1990s, Eurocontrol consolidated
these databases in five locations (Frankfurt am Main, London, Madrid, Paris, and
Rome). In 1995, Eurocontrol established the operational Central Flow Manage-
ment Unit at Eurocontrol headquarters in Brussels. Apparently to please France,
Eurocontrol decided to keep the flight information database in two locations –
Brussels and Paris – both of which had a copy of the full database for safety.
Brussels managed the database containing flight-plan information on every air-
craft that was planning to fly in the northern European airspace. Paris managed
the database containing flight-plan information on every aircraft that was plan-
ning to fly in the southern European airspace. In 1995–1996 the flight databases
in Frankfurt am Main and London moved to Brussels, and the flight databases
in Rome and Madrid moved to Paris.46 The Central Flow Management Unit in
Brussels began providing flight-plan service and air-traffic flow management in a
limited area (France and Switzerland) in April 1995. It progressively extended its
area of operations, which by 1996 encompassed all of the 22 Eurocontrol members
at the time (including three former Warsaw Pact countries). It handled an average
of 20,982 flights per day in the summer of 1996.47

Based on the central database of planned flights at the Eurocontrol headquar-
ters in Brussels, the Central Flow Management Unit issued a calculated take-off
time for every flight, also known as “slot time” or simply “slot.” Actually, the
slot is a period of time within which take-off has to take place, defined between
five minutes before and ten minutes after the calculated take-off time. When an
aircraft cannot comply with its slot, a new slot must be requested from Brussels.
The slot and any revisions are communicated to the aircraft operator as well as
the air-traffic control unit at the departure airport through the Aeronautical Fixed
Telecommunication Network. This was an already established worldwide system
of aeronautical fixed circuits which comprised air navigation service providers,
aviation service providers, airport authorities, and government agencies.
The success of the Central Flow Management project provided Eurocontrol

with technical and organizational expertise that reached beyond the original
Eurocontrol members. In 1987, Eurocontrol began developing the Central Flow
Management Unit. That year, Eurocontrol only had seven members: the six found-
ing members and Ireland, which had joined in 1965. Four Western European
countries joined in the late 1980s, and today the convention has 38 members.
It extends from the Atlantic as far east as Ukraine and Armenia, and covers all
of Europe, except for Russia, Belorussia, and Iceland. Eurocontrol became a major
agent in integrating the countries of Central and Eastern Europe into Europe.
The Central Flow Management project also implied new stakeholders. Origi-

nally, only the member state governments were stakeholders. In the Central Flow
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Management project, aircraft operators and national air-traffic control organiza-
tions also became stakeholders. This reflected the liberalization of air traffic, which
weakened the governments’ links to aircraft operators and air-traffic organiza-
tions. In addition, new privately owned airlines emerged. The new stakeholders
were included in the (new) third Eurocontrol Convention, which was negoti-
ated between 1992 and its signature in 1997.48 It also allowed for the expansion
of Eurocontrol’s authority to include airport taxiways and runways. This was
a response to the changes in air-traffic management due to the reduction of
the state’s operational role in air transportation. Further, Eurocontrol explicitly
became a civil-military intergovernmental organization, which reflected its new
role after the end of the Cold War. The military had pre-eminence in the Cold
War. Many military people contributed to the work in the board of member states
and the management committee, but most discussions of issues of the relations
between civil military flights took place outside Eurocontrol.
The third convention addressed the broader sphere of activities and additional

stakeholders by advocating the establishment of a number of advisory bodies to
facilitate the transparency of Eurocontrol’s work beyond national governments,
which included a Civil-Military Interface Standing Committee.

Dynamics of infrastructure control technology and governance

The development of European air-traffic control since the 1950s was based
upon three revolutionary new technologies for monitoring air traffic and the
establishment of trust among several Western European countries that these tech-
nologies could be used for air-traffic control to reduce vulnerability: analog radar,
computer-mediated radar images, and the flight-plan database. Analog radar was
developed in several countries by research institutions and the military in the
interwar years and was applied to detect enemy aircraft during the Second World
War. This technology was applied to civilian air-traffic control from the 1950s on.
The second revolutionary new technology was computer-mediated radar

images, which constituted a significant improvement on analog radar technology.
The West German air force began developing this technology in the late 1950s
and Eurocontrol completed its development for civilian air-traffic control in the
1960s and 1970s. It was based on a digital approach that resembled the choice of
digital technology for designing programmable machine tools in the United States
in the 1950s.49 Because the machine-tool industry was not willing to risk devel-
oping such a revolutionary technology, the US government financed the design
of programmable machine tools through research and development projects at
Massachusetts Institute of Technology and other non-government research insti-
tutions. Similarly, the producers of analog radar systems were not willing to risk
developing a revolutionary technology, so the West German air force began devel-
oping computer-mediated radar technology in the late 1950s and chose to ensure
its advancement along a similar path through contracts with Siemens & Halske,
AEG-Telefunken, and other companies. Then Eurocontrol emerged in 1960 as a
rich, government-funded institution and chose to continue developing this new



208 Eurocontrol

technology itself. Dr Hansjürgen von Villiez, the first director of the Maastricht
Centre, explains this choice with Eurocontrol’s unwillingness to wait until indus-
try could develop a similar technology.50 In the 1960s the momentum of the
project of a computer-mediated radar technology was essential for the Eurocontrol
dynamic. We can speculate about what would have happed if the decision-makers
had opted to wait until industry developed a technology. This would have delayed
the completion of the technology by five or more years, causing the Eurocontrol
project to fizzle out.
Eurocontrol succeeded in developing and operating significantly better tech-

nical monitoring of the airspace in the Maastricht Centre, opened in 1972. Its
functionality and software were copied by industry and became standard. This
improved the operation of the international air-traffic control network, but the
overall assumption, namely that this would lead to an integrated, transnational
air-traffic control infrastructure, proved false. Eurocontrol’s role as an integra-
tion project lost momentum as a consequence of the organization’s inability to
extend its operations of air-traffic control beyond Belgium, Luxembourg, and
West Germany by 1976. Eurocontrol’s member countries were not willing to
cede control of their national airspace. This caused Eurocontrol’s objective to
be reconceptualized from supranational to international, codified in the second
Eurocontrol convention of 1981.
While the member states negotiated the new convention, new ideas for the

international governance of air-traffic control emerged. The focus shifted from the
efficiency of separate operational control in one sector to introducing the control
of flight planning for all sectors, called Air Traffic Flow Management, which facil-
itated locating bottlenecks and rescheduling flights, or redirecting them through
less crowded airways. When Air Traffic Flow Management was introduced, crafts
no longer had to queue in circular waiting positions for tens of minutes before
landing in crowded airports. Instead they were kept in their departing airport until
clearance was granted for a straight flight to their destination, which made the sky
safer and saved fuel. The Air Traffic Flow Management function added a new layer
of infrastructure across the operational network of national air-traffic control orga-
nizations that controlled live aircraft. The new layer was concerned with future
flights through a central database of planned flights in Eurocontrol’s headquarters
in Brussels. It added a new network, feeding the flight data computers in Brussels
and Paris, and used the established Aeronautical Fixed Telecommunication Net-
work for operational communications. Like the Internet, this telecommunication
network was completely decentralized in the sense that a failure in one node
did not cause the network to break down. The failed node was cut off, but
communication between other nodes found alternative routes to its destination.
The Aeronautical Fixed Telecommunication Network was extremely reliable,

but it was based upon the conception of each air-traffic control unit operating
separately. The original Eurocontrol concept – implemented in the centers at
Maastricht, Karlsruhe, and Shannon – focused on improving efficiency in every
center, which reduced vulnerability. In contrast, the Air Traffic Flow Management
concept was more vulnerable as it was based on a single computer in Brussels (and
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its always updated duplicate in Paris), but centralized information and the alloca-
tion of slots were seen as prerequisites for the efficient use of European airspace.
However, a breakdown or failure of the Central Air Traffic Flow Management Unit
would not cause the cessation of air traffic. Traffic would continue – though less
efficiently because of the absence of overall planning – in the same way as air traffic
might bypass the airspace of troubled air control units, as illustrated by the closing
of the airspace of Yugoslavia during its wars of secession in the 1990s. Air-traffic
controllers are always trained to operate when any of their technical facilities does
not work, but this kind of operation always imposes limits on traffic density.
Since the 1950s, air-traffic control organizations repeatedly introduced new and

improved technical systems – analog radar, computer-mediated radar, and a flight-
plan database – to improve the monitoring and management of flights. Each new
system was introduced because air-traffic control experts convinced the politicians
on Eurocontrol’s board of directors that it would improve the efficiency of the air-
traffic control network without increasing the risk of failure. Analog radar and
the flight-plan database were complements to a well-functioning system, and the
controllers were always trained to operate a system with failing elements. The
introduction of computer-mediated air-traffic control became Eurocontrol’s first
technical objective. Eurocontrol’s staff experts saw it as more vulnerable because
they saw its success as essential for the Eurocontrol organization’s survival and
growth. Computer-mediated radar was a success as a basis for the exemplary
Maastricht Centre’s air-traffic control infrastructure, but it did not suffice to realize
Eurocontrol’s supranational ambitions, so the organizational scope changed from
supranational to international.
The new, reduced organizational scope became the basis for establishing central

flight flowmanagement in the late 1980s, built upon a register of scheduled flights
stored in a large computer. A new, more flexible technology with different techni-
cal and organizational potentials transformed Eurocontrol from a technical agent
of integration to become a facilitator of cooperation between air-traffic organiza-
tions. Before, integration had been based on the cession of air-traffic control in
national airspace to a Western European authority, Eurocontrol. Now, flight-flow
management had decentralized control. Slots were distributed by national author-
ities, while Eurocontrol controlled their implementation, which often comprised
airspace in several countries. This was a more attractive model of integration in
Western Europe of the 1980s and also appealed to the former Warsaw Pact coun-
tries in the 1990s because of less perceived infringement of national sovereignty
across Europe. This made central flight-flow management a facilitator in expand-
ing Eurocontrol’s operations to encompass all of Western Europe (except for
Iceland) and to contribute to Western Europe’s extension to the east after the fall
of the Soviet Union in 1991.
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Connections, Criticality, and
Complexity: Norwegian Electricity in Its
European Context
Lars Thue

Introduction

The NorNed cable has been out of operation since Saturday April 11, due to a fire at
the Eemshaven converter station. No interruption in the supply of electricity occurred
when the cable, which has a capacity of 700 MW and was transporting electricity
from Norway to the Netherlands at the time of the fire, was taken out of operation.
However, it is expected that no electricity transmission will be possible for several
weeks at least.1

These were the words of a press release from the transmission system operator
(TSO) of the Dutch electricity system, TenneT, on April 15, 2009. One month later
a new press release stated that “from the 16th of May the cable will be back in
operation.”2 Was this a critical event?
Complex information and communications technology (ICT) systems of com-

puters, sensors, electronic devices, relays, and communication lines protected
consumers from being blacked out. The control systems’ flows of information
controlled the flows of electricity. However, the concept of “critical event” refers
to events with serious or critical consequences, and certainly there can be seri-
ous consequences without any blackouts. Norwegian power companies and the
Norwegian and Dutch TSOs lost millions of euros during this single month. Dutch
consumers had to pay higher electricity prices because of a smaller supply of
electricity on the market. The winners were Norwegian households and com-
panies, who took advantage of the reduced market price following the increase
in national supply. Economically, the NorNed disruption certainly was a critical
event (Figure 8.1).3

That the breakdown of NorNed cable had not only losers, but also winners,
demonstrates that the construction of infrastructure, as well as its breakdown,
involves multifaceted risks. The perceived social and geographical distribution of
these risks influences the discourses on transnational infrastructure connections.
The purpose of this chapter is to analyze such discourses in the history of Norway’s
transnational electricity connections. To actualize this historical narrative, I first
give a short overview of recent discussions of such connections. These indicate
what may be a new formative period in the development of a European grid.
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Figure 8.1 At 580 km the NorNed link between Kvinesdal, Norway, and Eemshaven, the
Netherlands, is the world’s longest high-voltage submarine power cable. Here the cable is
loaded onto the cable-laying vessel.
Source: Statnett. Used by permission.

Norway as the “battery of Europe”

“Super-grid gets super-serious, but does it rely too much on Norway?” read a
headline in the Financial Times on March 8, 2010.4 The article referred to the
ambitions to create an offshore European “supergrid.” Among the different pro-
posals for such a high-voltage direct current grid, the Financial Times referred to
ideas supported by an association known as the Friends of the Supergrid. This
organization was supported by ten companies, among them Siemens of Germany
and France’s Areva. What was characterized as the most realistic phase 1 of the
association’s proposal was to connect Britain and other offshore wind farms and
Norway’s hydropower stations to the land-based European electricity network.
Several positive effects of the joint offshore grid were identified:

If such a super-grid existed, it would indeed have a dramatic effect on European
power supplies, unlocking the potential of offshore wind, improving the
resilience of the grid and reducing electricity prices by allowing much more
international trading.5

In December 2009, then, nine European states signed a declaration referred to
as the “North Sea Countries Offshore Grid Initiative.” In February 2010, Norway
joined this regional cooperation for the development of the supergrid.6 The men-
tioned advantages of the supergrid all referred to the European level, and the
initiative was supported by the European Commission. But what was in it for
Norway?
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The discussions of Norway’s transnational electricity connection have always
been closely related to the country’s vast hydropower resources. Norway is the
largest producer of hydropower in Europe. Currently its annual output is about
124 TWh, corresponding to 99 per cent of the country’s total electricity produc-
tion.7 Together with Iceland, Norway has the highest per capita production of
electricity in the world. A further 35 TWh could be added in the future by exploit-
ing additional waterfalls, but environmentalists are critical of such initiatives
and have often showed themselves willing to take action against new instal-
lations. Waterfalls and watercourses that could produced 45.5 TWh are already
permanently protected.
Three main characteristics of the Norwegian hydropower system are of special

interest for its transnational connections. First, hydropower stations are easily reg-
ulated. Second, Norway has a storage capacity for water corresponding to 82 TWh
of electricity, or about half of Europe’s total storage capacity. Third, the big vari-
ation in precipitation means that Norway sometimes has more and sometimes
less than the average, resulting in a varied need for export or import. If seen in
relation to the supergrid discussion, the large storage capacity combined with
the easy regulation of production is highly significant. During peak load peri-
ods and in times with little wind blowing in the North Sea, Norwegian power
companies are able to increase production and sell it at high prices. In windy
periods with low consumption, the companies are able to buy electricity cheaply
and store their own water. Bård Mikkelsen, chief executive of Norway’s state-
owned power company, Statkraft, explained that “hydropower in Norway should
be valuable for compensating for the irregularity of wind power. That posi-
tion – being a swing producer to the European market – is a very important
role for us.” Or as one commentator in the Financial Times article put it more
bluntly,

When the wind farms are running near to capacity, the system marginal price
will fall to near zero – Statkraft will be able to buy power for storage at next to
nothing. When the wind farms are not running, we’ll see huge price spikes –
during the cold snap we saw half-hours when power was being bought at
£300/MWh. And, that’s when Statkraft can sell the stored power. Nice business
if you can get it.

For the same reason, pumped storage power stations are also regarded as an inter-
esting option for the future of Norwegian electricity in its European context, and
several are under discussion. The country’s extraordinarily large capacity for stor-
age has resulted in the concept of Norway as the “battery of Europe.” In addition
to the supergrid, several planned cables to the Continent are planned by Statnett,
the Norwegian TSO, and some of the bigger power producers. These cables are
also important for a planned net export of electricity. Norway’s implementation
of the European Union’s (EU’s) renewable energy directive is expected to increase
the country’s power production. Transnational connections will be necessary in
this context to prevent a substantial fall in domestic electricity prices.
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The differing points of view on the construction of a supergrid and transnational
cable connections are very much connected to the perceived distribution of risks.
The big Norwegian power producers naturally support the supergrid project, but
also transnational connections in general, given the possibility for the huge prof-
its promised by operating as “swing producers.” In addition, the prospect is that
Norway and the Nordic countries will have a large power surplus in the years to
come. Without new cables or a supergrid, this increased supply will substantially
reduce the market prices in Norway and in the Nordic market. Power exports
will prevent this from happening. As the most probable co-owner of interna-
tional cables or a North Sea supergrid, Statnett would have substantial income
from the use of the transnational connections. The electrotechnical industry, like
the Norwegian cable producer Nexans, also supports the construction of new
transnational connections. All supporters use the climate threat and the need for
new renewable energy as a main argument.
However, representatives of power-intensive Norwegian industry are critical.

These companies export semimanufactured goods, such as aluminum bars and
ferroalloys. The industry consumes about a third of the country’s electricity,
traditionally at very low and partly subsidized prices.8 Many local communi-
ties are crucially dependent on it and therefore vulnerable to change. Certainly,
other companies operating in other businesses and many ordinary consumers
are also critical of the ongoing integration with the broader European electricity
market, fearing continental electricity prices in their cold and dark environ-
ment. Many households are worried by possible price increases linked to the
subsidization of offshore wind power through taxation. However, such con-
sumers are neither organized nor well informed, and some are receptive to the
powerful rhetoric of new transnational connections as saviors of the world’s
climate.
I will come back to these contemporary policy questions at the end of this

chapter. In the next section I present some concepts and approaches to help us
understand the discussions about Norway’s transnational electricity connections.

A conceptual model of transnational connections

In the following, Norway’s transnational electricity connections are discussed with
reference to three structural aspects: one technological, one institutional, and one
concerning the perceived place of the country in its European context. These struc-
tural aspects are closely linked to each other. All three aspects have consequences
for both the vulnerability of power supply and the distribution of risks. Together
with the fluctuating economy, they constitute the central environment for the
development of what might be called the connection discourses and the connec-
tion regimes. By a “connection discourse” I mean the structure and logic of policy
discussions and negotiations, while a connection regime refers to the governance
structure – or the rules of the game – surrounding an actual transnational connec-
tion. Figure 8.2 tries to make some of these relations explicit. In the following they
will gradually be historicized, exemplified, and further elaborated.
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Figure 8.2 A model of influences in transnational connections.

Table 8.1 Periods of technological and institutional development

Approximate
period

Horizontal
integration

Vertical
integration of
control
technology

Institutionalized
political
economy

Foreign
relations as
expressed in
connection
discourses

1880–1930 transition from
local to
regional
systems

mostly
integrated
with the
high-voltage
system

unstable classical
liberalism

from
international
to Nordic to
European

1930–70 transition from
regional to
national
systems

expansion of a
low-voltage
analog telecom
system

expansion
of a more
coordinated
market economy

from European
to Nordic

1970– transition from
national to
transnational
systems

expansion of
digital ICT
systems

expansion of the
neoliberal
economy

from Nordic to
European

In Table 8.1 I have tried to periodize the three structural aspects of the model.
The technological part is divided into two columns: the electricity networks’ hori-
zontal and vertical integration. By horizontal integration I mean the geographical
extension from local and regional to national and international networks. The
main focus of this chapter will be on the parallel vertical integration, which
refers to the power systems’ increasing dependence on ICT-based control systems.
Until the 1930s, during the transition from local to regional electricity systems,
the control functions were rather tightly connected to high-voltage installations.
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From the 1930s, when regional high-voltage systems gradually developed into
national systems, the control systems were based very much on the extensive
use of relays and analog telecommunications. The telephone became particularly
important. Relays are cybernetic devices and introduce automation on a broad
scale in the electricity supply. In the 1970s, in parallel with an increasing number
of transnational connections, computers and digital data communication were
transforming the control systems – with further and extensive automation.
The technological developments have interacted with broad institutional

changes, both in the European capitalist economies generally and in infrastruc-
tural sectors more specifically. Roughly, we may divide the development of the
Western European business systems, or political economies, into three main peri-
ods, from classical liberalism, over a more coordinated economy, toward versions
of neoliberal economic organization.9 Each period saw different styles of economic
governance of the power-supply industry, with shifting balances between pub-
lic involvement and monopoly on the one hand, and private involvement and
market coordination on the other.
In the table, foreign relations, or the perceived place of Norway in the European

context, are described by the changing orientations of Norway towards the Nordic
and the broader European communities. The discourses on transnational electric-
ity connections have been affected by the changing centers of gravity in Norway’s
foreign relations. A strong Nordic focus after the First World War replaced the
more global orientation of the free-trade regime during the previous era. In the
1920s, this Nordic focus was followed by a broader European orientation. After
the Second World War, this shifted again, and Norway worked actively for further
Nordic integration. Even though Norway stayed out of the EU, from the late 1980s
the country once again developed a strong orientation toward the rest of Europe.
Until 1960, when Norway’s first transnational connection was established with

Sweden, the three structural aspects in the model affected only connection dis-
courses. Since then they have also influenced the connection regime and the
governance of the actual transnational connections.

A history of increasing complexity

The complexity of both the technological and the institutional structures
increased during the three periods in the table. Complexity is a relevant variable
when considering risks, not least in the electricity industry. The most common
hypothesis is that increased complexity leads to increased risks.10 But there is not
any simple, linear or direct relation between increased complexity and increased
risks or vulnerability.
The main stages in the historical growth of this complexity can be described as

changes in paradigmatic technologies. Simplified, the First Industrial Revolution,
from the late eighteenth to the late nineteenth centuries, represented a shift in the
paradigmatic technology from tools to machines. The second, from the late nine-
teenth century to about 1970, represented a change from machines to large tech-
nical systems. These large-scale systems posed complex problems of coordination
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and regulation that were met by institutional and organizational changes, such as
“the visible hand” of big private organizations, direct state ownership, and exten-
sive regulatory and standardization measures taken by national and international
associations.11 Complex institutions and organizations were deemed necessary to
cope with complex technology. Perhaps “technological complexes” could be an
appropriate term for the changes that we experience during the ongoing Third
Industrial Revolution. Not only do we find larger systems but we also see vertical
layers of systems on systems, with increasing interdependencies between them.
A fundamental role is played by ICT-based control systems. These have the same
large-scale extension as the operational systems that they control, but in addition
they are characterized by an extremely high density of functional elements and
microstructures, such as computers, microprocessors, sensors, optical fibers and
other communication technologies.
James Beniger sees the Information Revolution as a “response to problems

arising out of advanced industrialization – an ever-mounting crisis of con-
trol.”12 Industrialization resulted in “larger and more complex systems – systems
characterized by increasing differentiation and interdependence at all levels.”13

Infrastructures, such as the power-supply industry, are among the core examples
of such complex systems. The coevolution of these infrastructures’ operational
systems and control systems contributes to further complexity. Better protective
devices, control and supervising technology, and routines make it possible to more
safely expand the scope of the operational technology, increasing the complexity
even further. For this reason the technological control systems installed to reduce
risks have the side-effect of increasing risks. It is not easy to assess the resulting
sum of risks.
We find the same ambiguity in institutional development. Organizational

departments and offices for control and supervision make infrastructural firms
more complex. Through their steady production of rules, the state and regulatory
authorities further add to institutional complexity. Regulatory authorities nor-
mally also demand protective devices, control routines, the hiring of supervisory
employees, and extensive reporting for the operation of infrastructures. To sum up,
technological, organizational, and institutional complexities related to the core
operational functions on the one hand and the control functions on the other
evolve in parallel and in interaction. In the next part of the chapter, I analyze
in greater depth the ways in which these structural aspects have interacted his-
torically, and how they have affected the connection discourses and connection
regimes – and the perceived distribution of risks and critical effects.

A hydropower nation and its transnational connections

Norway’s many beneficial waterfalls provided strong incentives for electrification
of the country early on, and the abundance of cheap hydropower also stimu-
lated power-export projects. What seems to be the first Norwegian plan for a
transnational electricity connection was made public in 1913. It was a private,
purely commercial business project headed by two engineers, Hans Abel and
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Fritjof Heyerdahl, who wanted to build a sea cable from Norway to Jutland in
Denmark. Seeing no technical obstacles to such a project, they told the press that
they held appropriate waterfalls in southern Norway.14 We do not know why they
did not succeed. At the time, the envisaged cable would have been technically
very demanding. But even if had been technically and economically possible and
the First World War had not broken out, the project would have been difficult to
fulfill since it was launched during a period of institutional transformation. This
transformation concerned both the Norwegian business system in general and the
hydropower regime in particular.
The electricity sector was born during the era of classical economic liberalism.

In 1885, the first Norwegian electrical utility, private company Laugstol Brug, was
established in the city of Skien. In accordance with the liberal principles of the
era, the Norwegian parliament (Stortinget) in 1887 approved a Watercourse Act
that confirmed private ownership of watercourses and waterfalls. This was con-
trary to the situation in most of Europe, where the main rivers were used for
transport and therefore subject to public ownership. The liberalist regime made
Norway’s hydroresources an object of private and international speculation. The
possibilities for excellent reservoirs in the mountains combined with very high
waterfalls, often close to the seashore, were attractive for establishing large-scale,
science-based, and power-intensive industries.
The word fossespekulanter, or “waterfall speculators,” became widely used. The

speculators bought waterfalls at low cost from peasants and local people. Some
buyers were also industrial entrepreneurs. They allied themselves with German,
Swedish, or other foreign capital, and contributed to the building of electro-
chemical and electromechanical companies and power stations. They launched
Norway’s export-oriented, power-intensive industry, which is still important today
for indirectly exporting a substantial part of Norway’s power production.
The first electricity law from 1891 was called the “Law on measures to protect

against dangers related to electrical installations,” and it was meant to protect
people and property from electrical shocks and fire. After a short period when the
police were tasked with monitoring compliance with the rules, professional public
inspectors were employed in 1898.15 Norway’s insurance companies had already
agreed on common rules for electrical installations back in 1882, however. To have
the installation properly insured, the companies had to follow these rules. This
dual structure of risk management, relying on both market-based insurance and
governmental regulations, is still in place today.
Both the regulatory authorities and the insurance companies prescribed quality

requirements for electrical installations that influenced utility managers’ choices
and contributed to increased technological sophistication and complexity. Rules
and institutions for approving types of electrical equipment developed through
the mutual effort of the utilities and the authorities. In 1909 the Control Depart-
ment in the Watercourse Administration was set up to supervise the quality and
safety of the dams being built.
During the first decades of the twentieth century, state regulation and involve-

ment gradually increased. In 1905, Norway declared its independence from
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Sweden. In the following years, strong nationalism went hand in hand with a
policy inspired by American politician, journalist, and political economist Henry
George. His main message was that natural resources belonged to society.16 Eco-
nomic rent of land and natural resources should not be expropriated by private
property owners.17 George’s economics inspired a “water movement” in Europe,
and in many European countries the use of hydropower became strictly regulated
and subject to duties. Influential Norwegian politicians, such as radical lawyer
Johan Castberg, were members of the Henry George Association. As a reaction
to the invasion of foreign capital, the parliament passed several bills to secure
national and public ownership of hydropower resources. The majority of legisla-
tors wanted to limit the influence of big business and encouraged a widespread
electrification of households, agriculture, crafts, and small industry. It was a battle
between a “small-scale” and a more “large-scale” modernization strategy.
This policy was headed by the Liberal Party, especially by PrimeMinister Gunnar

Knudsen and Johan Castberg, who served as minister of justice in Knudsen’s gov-
ernment during a critical period. The main opposition was found within the
Conservative Party. In 1909 and 1917 the so-called concessions laws were passed
by parliament, strictly regulating the ownership, development, and allocation of
resource rent. In 1920/1 the government established the Norwegian Watercourses
and Electricity Administration (NVE), both as a strong regulatory authority and as
a major state-owned utility. With some important amendments, the concession
laws from 1917 are still in place at the time of writing, and both their words and
their “spirit” continue to influence current energy policy.18 But they have often
been contested.

Changing discourses on transnational connections19

1906–20 was a formative period for the institutions of the Norwegian electric-
ity sector, but also for the transnational connection regime. From 1909 the
early concession laws explicitly forbade export of electricity without government
permission. This rule was restated in 1917.
The discussions about the concession laws took place during a long period of

economic expansion. Good times created a strong national demand and need for
electricity, and even if there was no ban on exporting electricity there were few
economic incentives for Norwegian power producers or authorities to prioritize
such projects. In 1918, however, the Norwegian government received an official
request from neighboring Denmark to import electricity. The war had made it dif-
ficult and expensive for Denmark to import coal, and the country saw the possible
import of cheap Norwegian hydropower as a solution.
The request from Denmark came in a period of growing “Nordism” – that is,

strong loyalties between the Nordic countries. In 1919 the Nordic Association
was established, working to promote friendship and cooperation among Sweden,
Denmark, and Norway.20 The most enthusiastic supporter of the power trade
scheme was the chairman of the Confederation of Danish Industries, Alexander
Foss, a prominent proponent of Nordic cooperation. Foss and the Norwegian
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premier, Knudsen, knew each other well, but Knudsen appeared to be in no hurry
to comply with the Danish request. However, the quest for Nordic cooperation
made it difficult to give a blunt refusal.
In 1920 the Conservative Party came to power. The party had argued for more

liberal hydropower legislation and, although the war had now ended, the new
government gave a positive response to Denmark’s request. A joint commission
was appointed to report on the matter. Sweden was represented, too, as a possi-
ble transit country for the transmission lines that would be necessary. In 1922
the commission’s technical committee proposed transporting 42 MW through
Sweden. However, the economic downturn after 1920, with decreasing domestic
demand for energy and decreasing coal prices, dampened the Danes’ interest in the
project. In 1925 they finally decided to refrain from further negotiations. At this
time many Norwegian utilities had surplus power and there was an outspoken
interest in power export.
The course of events following the Danish initiative shows an economic logic

that also manifested itself during later discussions about power export and
transnational power connections. To establish a transnational link for power
export, Norway and the importing nation should preferably be economically “out
of sync,” with an economic downturn in Norway and an upturn abroad. If both
Norway and the potential importer experienced a boom, Norway wanted to keep
the power to serve its own industry and consumers. And if both Norway and the
potential importer experienced an economic downturn, Norway was interested
in export but there was a lack of foreign demand. Given international economic
interdependencies, however, the ups and downs in the economy rarely followed a
different course in Norway than elsewhere in the Western world, and this posed a
significant obstacle to export projects.

Technocratic hubris

Until the 1920s the operational and control technology for electricity installations
evolved gradually, without any radical systemic leaps. At the start, the voltage of
generators, the gate openings of turbines, and the circuit breakers and switches
were operated directly and manually on the machines and in the powerhouse in
accordance with fluctuating loads. In this way the control technology was directly
integrated with the electrotechnical and mechanical equipment. That was also
the case with the relays and circuit breakers, which were gradually introduced a
decade after the turn of the century. The relays, by the way, may also be seen as a
first generation of cybernetic devices in electricity networks.
To cope with the evolving complexities of growing numbers of generators,

higher voltage, and more outgoing lines and cables, the controlling instru-
ments – like the voltmeters and ampmeters and switches – were removed from
the machines. They were centralized on an easily monitored control panel and
sometimes in a special control room. At this time the control technology did not
impress the general public. This changed during the 1920s through the regional-
ization of electricity production, transmission, and distribution. In the Norwegian
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1930 edition of The Great Inventions, engineer Georg Brochmann wrote about the
Norwegian Power Pool’s newly established dispatch center:

The load dispatching engineers at the Norwegian Power Pool stand as a sym-
bol of technology in its highest stage: Networks of control centers connected
with one another and to a main center, where one will direct the whole . . .The
Power Pool is the glorious ideal for all organization . . . Such technological and
centralized societal machinery will be able to work more efficiently, more eco-
nomically and in all directions more satisfying than anything else – but is at
the same time correspondingly more vulnerable.21

Interestingly, Brochmann related increased control to increased vulnerability.
Increased control implied more interconnections and dependency on telecommu-
nications. In the 1930s, a blackout occurred in Oslo because the machine operator
at a power station was using the station’s telephone to discuss affairs with com-
rades in the local Labor Party. The dispatcher at the Power Pool in Oslo observed
the overload in the system but was unable to get through with his order to halt
a generator. In such cases the impression of order and control at the Power Pool’s
headquarter vanished for a moment: “When an accident happened, telephones
chimed, lamps flashed, the alarm boomed out, and if the lights went out the
reserve generator started with an extremely loud sound.” (Figure 8.3)22

The growing telephone network was at the start separated from the electric-
ity system, since the dispatcher and the power station operators normally used

Figure 8.3 The dispatchers at the control center of the Norwegian Power Pool in the 1930s.
Source: Statnett. Used by permission.
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the public telephone system. In the early 1920s, however, Norwegian power sta-
tions started to use carrier-wave telephony over the power lines, for telephones,
teleprotection and telemetry.23 The Power Pool began utilizing telemetry in 1932,
and 15 telemetry installations with automatic measurements were in operation
in 1940.24 In this way a separate low-voltage, analog, electronic control system
emerged with its own technological logic, its own professional competence and
gradually its own organizational units. It was connected to the electricity system
through several technical, organizational, and professional interfaces. The division
of labor represented an advantage, but also a challenge for the reliability of the
system. It depended on the capacity for professional and organizational “border
crossings.”
In James Beniger’s terminology, the Power Pool’s control room can be seen as

a functional answer to a control crisis – a mismatch between the regional growth
of the electricity system and the old, distributed control technology. According to
Thomas Hughes, engineers in the 1920s increasingly used concepts such as “coor-
dination,” “integration,” “control,” “flow,” “concentration,” “centralization,” and
“rationalization.”25 There was a hubris linked to the belief in the benefits of large-
scale projects – and in the prospects of controlling such projects. This hubris
manifested itself not only on the national but also on the European level.

Initiatives for Norwegian power export

In his thesis “Electrifying Europe,” Vincent Lagendijk examines the discussion
about the integration of European electricity systems since the late nineteenth
century.26 The political idea of European unity gained momentum in the 1920s,
and was related to both engineers’ and businessmen’s interest in creating a more
integrated European electricity network.27 In one way or another, the question of
Norwegian power export was involved in most plans and visions. Norway itself
also started to take an interest in a broader European electrification, and the far-
reaching restrictions and strong governmental involvement in the hydropower
sector were relaxed by the mid-1930s in a temporary liberalist turn.
In the discussions of the Nordic commission’s work on a possible power export

to Denmark in 1923, entrepreneur, engineer, and industrialist Sigurd Kloumann
underlined that an export project had to be large-scale, taking especially Germany
into consideration as a market. Kloumann further held that “we have to look at
ourselves as members of the European polity . . .Let us look at the electrification
of Europe as a dream.”28 In 1924, at the first World Power Conference in London,
Kloumann was one of several Norwegian speakers. In his paper entitled “Export
of Electrical Power from Norway” he referred to the concept of “super-power”
supply that had been introduced in the United States. Kloumann would not at this
time “enter into the question as to whether a similar idea would be realizable in
Europe,” but he thought that several countries could be supplied with power from
Norway.29 The transmission of a more or less constant load to northern Germany
would be of special interest. Germany was relatively close and had a large enough
demand to justify the cost of transmission. The Netherlands was also mentioned.
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Kloumann’s vision was well in line with that of other European engineers. At
the World Power Conference in Berlin in 1930, the General Address by German
engineer Oskar Oliven and the presentation given by a Norwegian delegation
were largely in agreement with each other. In Oliven’s long-term vision of a vast
European electricity network, one of the power lines ran from Norway to Rome.30

The Norwegian delegation presented a comprehensive plan for transmitting
750 MW of power from Norway to Germany. Newspapers dubbed Norway “the
powerhouse of Central Europe.” At about the same time, a large consortium was
formed to study the export question. State-controlled German power company
Elektrowerke Aktiengesellschaft procured the most capital certificates and thereby
had the greatest influence in the consortium. German subcontractors were also
well represented. In addition to representatives of Norway’s hydropower com-
munity, the most important Norwegian suppliers of hydropower machinery and
electrotechnical materials were members of the consortium – along with Sweden’s
state-owned power company, Vattenfall, and the Danish state.
In the late 1920s the German economy experienced a boom, while the

Norwegian economy stagnated. The two economies were out of sync and the
prospects for export were ideal. In the early 1930s, however, the German economy
stagnated as well and the export plans were put aside.
During the German occupation of Norway (1940–5), plans to exploit Norwegian

hydropower for transnational purposes were an integral part of the occupying
power’s economic policy.31 Power-intensive industry was to be radically expanded,
mainly to supply light metals to the German armaments industry. One of the
first tasks of the organization “Working Group for Expansion of Norway’s Elec-
tricity” (Arbeitsgemeinschaft für den Elektrizitätsausbau Norwegens), established
in 1940, was to encourage the export of electric power to Germany. However,
German industry did not have the capacity to manufacture the electrotechnical
equipment and materials needed to accomplish the transmission network. The
Norwegians themselves were not supportive of these plans. Even some of the
Norwegian Nazis referred to the concession laws in an attempt to secure the
country’s hydropower resources for domestic use. In the end, the German efforts
to expand Norwegian power production and power-intensive industry yielded
marginal results. In retrospect, however, it is clear that the German installa-
tions that started to be built became valuable assets for the Norwegian state after
the war.

A “risk-free” and coordinated electricity supply

Just after the war the Danes once more approached the Norwegians hoping to
import cheap Norwegian hydropower. This led to hard discussions both within
Norway and between Norway and its Nordic and allied friends. The director-
general of the Norwegian Water Resources and Electricity Directorate, Fredrik
Vogt, fought for a long time against proposed plans for extensive power export
to Denmark. Both the Norwegian and the Danish economies were growing fast,
and national demand for electricity skyrocketed. Vogt and many others preferred
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a secure national power supply and to support the expansion of power-intensive
industry by supplying low-cost electricity.
In 1954 the Norwegian minister of trade, Erik Brofoss, argued in a letter to Vogt

that “if energy export could help bring the Nordic countries closer together, it
would be a greater achievement than almost any conceivable application in the
smelting industry.”32 Brofoss saw power export as an instrument to create a “con-
solidation” among the Nordic countries, partly as a response to what he regarded
as the “great danger” in Europe – Germany – with its fast-expanding economy.
Brofoss considered Vogt’s one-sided national orientation to be at odds with his
ambition to strengthen the Nordic community.
In 1955 the Norwegian parliament approved an agreement foreseeing an annual

electricity export of 330 GWh to Stockholm. An important part of the deal was
that the Swedes agreed to help finance the exploitation of the Nea watercourse
in the county of Sør-Trøndelag. After several amendments, a 15-year contract was
approved by the parliament in 1959. In 1960 the Nea power station and the trans-
mission line to Sweden went into operation. After decades of ambitious plans
and discussions, this was the first concrete case of the actual export of so-called
firm power and of a transnational high-voltage connection with Norwegian par-
ticipation. But the agreement did not become the starting point for a new
trend. Until 1995, no further Norwegian power export deal was implemented.
Instead, national self-sufficiency and the cross-border exchange of “occasional
power,” in combination with the provision of mutual reserves, became the golden
rule for Nordic electricity cooperation. In 1963, an organization called Nordel
(see Chapter 3) was created to govern this transnational power exchange on the
margin.
In Norway, as in most industrialized countries, efforts to deal with the eco-

nomic crises of the 1930s had resulted in a movement towards a more coordinated
business system. In general, the Norwegian state’s involvement in the econ-
omy was stronger than in most other European economies. Even though Brofoss
and Vogt differed somewhat in their views on power export, they were both
working in line with the Labor Party’s ambitions to electrify the country and
to build a strong power-intensive industry. “Power socialism” has been used
as a term to characterize the party’s industrialization strategy. Except for the
period of German occupation and some minor interruptions, the Norwegian
Labor Party was in power from 1935 to 1965. It also played a prominent polit-
ical role in the following decades. The early 1970s represented a culmination
of what has been labeled “the social democratic order” in Norway. During this
period, most economic problems were understood as market failures that had to
be compensated for by political action. Whether in politics, engineering, or the
economy, the quests for coordination were an expression of “systemic” think-
ing and often explicitly inspired by different strands of system theory.33 Norway
also had a strong group of economists oriented toward planned economy, among
them two Nobel laureates, Ragnar Frisch and Trygve Haavelmo.34 Frisch, espe-
cially, saw computers and ICT as important instruments for tight control of the
economy.35
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The Labor Party was instrumental in establishing an extensive Norwegian wel-
fare state. The welfare state is about the distribution of risks, and the Nordic welfare
states were among the most developed in the world.36 In 1981, Yair Aharoni pub-
lished his book The No-Risk Society about the expansive welfare states. He starts
with the following observation: “In all countries of the developed world, govern-
ment is being used to reduce or shift the risk borne by individuals.”37 A new social
order had evolved that “include[s] pressures on government to mitigate almost
every risk any individual might be asked to bear.” The welfare state had “turned
into an insurance state”: “We are insured against a variety of mishaps that range
from earthquakes and other natural disasters, to poor health, unemployment, and
the infirmities of old age.”38

Even if the concept “risk-free” rhetorically overstates the phenomenon, there is
something in it that also is relevant for our discussion of critical infrastructures
and the question of Norwegian power export. First, the whole concept of national
self-sufficiency indicates a “risk-free” inclination, a deep concern for the security of
electricity supply. Until the 1990s the net electricity trade among the EC countries
amounted to only a good 1 per cent of production. In Norway the situation was
extreme, partly due to its resource base. The precipitation and thereby the supply
of power could vary significantly between years and seasons. Similar variations in
temperature created changes in the demand for power. For Norway to attain self-
sufficiency in years with very low average precipitation and average temperature,
it had to generate a large surplus of power in many other years. A rule developed
for energy planning that Norway should be self-sufficient in at least nine out of
ten years. Local and regional utilities also had to be self-sufficient; if not, they
could join the national Power Pool and participate in the exchange of occasional
power.39 As a result, in the 40 years preceding liberalization in 1991, Norway was a
net exporter during all years but two. The State Power Board, later named Statkraft,
was given monopoly on the export and import of electricity.

Towards a digital shift . . .

The increased institutional coordination of the power industry was matched by
a parallel and necessary development of the sector’s control technology. Until
the late 1960s, the expansion of control systems was mostly based on analog
telecommunications using electronic vacuum tubes. However, the growing num-
ber of power stations, substations with transformers, circuit breakers, lines, and
consumers stretched the analog control systems to their limits. There was a simi-
lar capacity problem with the transmission of information. The growing number
of telephones in the Norwegian Power Pool resulted in the installation of tele-
phone exchanges to reduce the number of communication lines. But the further
growth both of telephones and of telemetry connections led to capacity problems,
even though to some extent radio transmission both replaced and supplemented
transmission over power lines.40 For good reasons, Norwegian power and the
electrotechnical industry started to develop protocols for digital data transmission
in the early 1970s.
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Gradually, however, remote control and automation made it possible to central-
ize the operation of several power stations into one local or regional control center.
These control centers were connected either directly to the control center of the
Norwegian Power Pool or indirectly through the utility’s own energy-management
center. This multilevel hierarchical organization, a vertical division of technology
and labor, represented a new way of coping with complexity.
The operational complexity of the large-scale electricity system also created a

need for appropriate complex control systems. At a Nordel conference in 1972,
Swedish Vattenfall’s chief engineer, Lars Gustafsson, gave a concise summary of
the leap forward within the electricity sector:

At the start, one managed the operations of the power system with paper,
pen and a telephone. Since then, the need for information has increased, and
today it is natural to base an information system on automatic data capture.
We have been forced to do so because of the dimension and the complexity of
the system.41

The 1972 conference witnessed the early years of the transformation from analog
to digital control technology. Norwegian representatives talked about the com-
puterized control of the Tokke power stations in southern Norway. Gustafsson
presented Vattenfall’s Totally Integrated Data System and Bengt Smith of the
Swedish utility Sydkraft talked about a similar information system, DATABUS.
The conference was primarily focused, however, on the integration of the Nordic
electricity networks. This process obviously posed new problems for control and
coordination. Gustafsson explained that if the Nordic system were to be operated
as “one system,” this would pose a “high demand on well functioning computer-
to-computer connections between the separate operational centers.”42 It also
demanded people with “huge theoretical knowledge” to develop application pro-
grams for production planning, security tests, and the like.43 Gustafsson even
discussed the prospect of a joint control center for the entire Nordic system. The
Nordic interconnections put strong demands on control systems, and contributed
to the introduction of more complex, digital equipment and computer-based
modeling.
Up to the second half of the 1980s, parts of the electricity industry evolved in

the direction of more planning. New ICT opened up for a planned operation of
the whole hydropower system, a possible realization of the engineer’s old dream
of large-scale, centralized coordination. What might be called an ICT triangle of
men, models, and machines emerged. In the early 1960s, work on an ambitious
computer-based decision support model started as a collaborative effort between
the Norwegian Power Pool, the Norwegian Electric Power Research Institute (EFI),
and the NVE. The model was based on decades of hydrological and meteorological
data on precipitation and the inflow of water in Norwegian rivers through the year.
The main computer model was “EFI’s Multi-area Power-market Simulator” (EMPS),
called Samkjøringsmodellen in Norwegian. The characteristics of rivers, reservoirs,
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power stations, and power lines were modeled, today both in Norway and in the
other Nordic countries.44

In parallel, an extensive system developed for the real-time monitoring of
hydrological and meteorological data, like changing depths of snow and its
distribution in different catchment areas. A variety of sensors and sensor tech-
nology was applied, including remote sensing by satellites. Data from the sensors
were automatically sent to the control centers by several forms of telecommuni-
cations. The data were processed by the computer-based models to calculate the
marginal values of the water in a country’s reservoirs, in the short and in the long
term. In this way the Power Pool planned the most economically efficient oper-
ation of the whole Norwegian system. A project called Norwegian Operation was
developed in the second half of the 1980s. Since ICT also revolutionized the mon-
itoring and operation of power stations, it was not that difficult to use the water
values processed by the EMPS model for decisions on when and how to operate
which power stations. In parallel, Nordel performed extensive studies on the pos-
sibilities to plan, develop, and operate the whole Nordic system. Why did these
plans not materialize?

. . . and a neoliberal shift

Certainly, an international trend towards liberalization played a substantial role.
From the late 1970s the dominant policy paradigm gradually shifted from the
social democratic order toward a new “neoliberal order.” Now, economic prob-
lems were generally interpreted as political failures that had to be compensated
for by market-oriented reforms and “new public management.” This political and
institutional transformation developed in parallel with the growth of the “digital
society,” a transition into the Third Industrial Revolution.
As for the place of Norway in the broader process of European integration, there

was a gradual shift from a focus on Nordic cooperation to a concern for Norway’s
relations with the European Commission. A parallel shift in social mentality and
cognition both mirrored and influenced the different aspects of the transition.
The reduced faith in centralized management and control in politics and business
went together with increased sensitivity for the aspects of complexity, risk, and
even the phenomenon of chaos in both technology and institutions. All of these
more general trends were both reflected in and strengthened by the development
in the power sector.
In addition, problems of “overproduction,” which were already being debated

in other branches of the economy, surfaced in the electricity industry. As we
have seen, the Nordic connection regime was based on the principle of national
self-sufficiency. However, Norway was the only country exclusively based on
hydropower, and the only country that normally would have to export large quan-
tities of power. There was a problem with the price tag for this power. Nordel’s rule
put the price between the marginal variable cost of the Norwegian hydropower
production and the marginal cost of alternative production in the importing coun-
try. Since about 90 per cent of production costs in Norway were fixed costs, the
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price normally became extremely low. Some of the Norwegian power exported
to Denmark and Sweden was transited on to Germany and other countries – at
higher prices. In 1990, Norway used 99 TWh of electricity domestically, while
exporting 16 TWh to Sweden and Denmark. The same year Sweden imported 13
TWh, mostly from Norway, while exporting 15 TWh to Denmark and Finland.
Denmark imported 12 TWh while exporting 5 TWh to Germany.
By the late 1980s the “risk-free” strategy, in both Norway and the rest of the

Nordel area, had thus generated a huge electricity surplus. Norway, in particu-
lar, no longer merely exchanged electricity on the margin with other countries.
Nordel’s annual report from 1987 stated that in a year with average precipitation
there was a surplus of 60 TWh in the area. During a “wet year” the theoretical sur-
plus was 100 TWh, to which Norway contributed heavily.45 Economists concerned
with “efficient allocation of resources” certainly saw the need for either the export
of generated power at reasonable prices or, even more preferable, a liberalized mar-
ket regime. Many environmentalists, having criticized the extensive development
of Norwegian hydropower, supported the introduction of a market regime that
would make the large power surplus visible. Politicians – not only conservatives
but also some of the leaders of the Labor Party – supported the Energy Act passed
by the parliament in 1990, making the Norwegian electricity sector the world’s
most liberalized. In 1992 the former integrated, state-owned power producer and
network operator was divided into a transmission and system operator, Statnett,
and a power producer, Statkraft (Figure 8.4).46

Figure 8.4 Statnett’s national control center coordinates the operations of all players
involved in the Norwegian main grid with its international connections.
Source: Statnett. Used by permission.
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Exporting liberalization

An indispensable part of the successful liberalization of the Norwegian and later
the whole Nordic electricity market was the creation of a new marketplace for
trading electricity. Its birth was closely linked to the variation in and surplus
of hydropower generation. Even back in the late 1960s, the director general of
NVE, Vidkunn Hveding, had been critical of how the Norwegian Power Pool
administered surplus hydropower. The pool had been given authority to dispose
of the surplus in a rather centralized way. Hveding, inspired by economic the-
ory, demanded that the pool establish a market for occasional power based on
decentralized decisions of supply and demand. In 1971 the pool’s “market for
occasional power” was established, using advanced computers and data commu-
nication technologies. The various market actors could submit their bids online,
and the computers automatically calculated the right market price. In 1993 the
power exchange was formed as a wholly owned subsidiary of Statnett. In 1996 the
Norwegian power exchange took on a new role as the Swedish electricity market
was connected to it. Nord Pool, as the world’s first international power exchange
was called, expanded during the latter part of the 1990s to include Finland and
Denmark.
Until the opening of the NorNed cable in 2008, the Nordic orientation had

dominated the flow of Norwegian power. However, the broader European dimen-
sion was drawn into the discussion in the early 1990s. A key reason for this was
a growing dissatisfaction with the Nordel regime. This resulted not only in a
Norwegian interest in direct export to the Continent but also in active support for
the liberalization efforts in Sweden, Finland, and Denmark: “From an economic
perspective, a free Nordic and European electricity market is the best alternative
for Norway.”47 This was the conclusion of a working group appointed by the Min-
istry of Petroleum and Energy, published in December 1990, only six months after
the parliament had passed the Energy Act. The working group recommended that
“the Norwegian Government actively go out and give clear signals to the Nordic
countries that Norway supports the establishment of a Nordic electricity market as
soon as possible, and that the Norwegian Government create favorable conditions
for such a development.”48

Certainly the Norwegian government, along with Statnett and the Norwegian
utilities, worked on several levels to support liberalization in the neighbor-
ing countries.49 The combination of these conscious efforts and the seemingly
successful Norwegian liberalization was important for the Swedish parliament’s
decision on liberalization, implemented in 1996.50 Finland liberalized fully in
1997. As argued by Johan Lilliestam, “the successful Norwegian liberalization and
the decreasing price there – which were largely decoupled, however – were of
major importance for the liberalization processes in Sweden and Finland.”51

The most reluctant liberalizer, Denmark, found it impossible not to follow
Norway, Sweden, and Finland, given that the EU had also started to take lib-
eralization seriously, liberalizing in 1999 (western Denmark) and 2000 (eastern
Denmark).52 Finland joined Nord Pool in 1998 and Denmark in 1999–2000.
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By the early 2000s the Nordic electricity market was seen as a model for further
liberalization within the EU.
Liberalization meant both fragmentation and centralization. Competition

authorities and sector regulators pushed for the organizational separation of
production, transmission, distribution, and trade. Responding to toughening com-
petition, however, a wave of horizontal mergers and acquisitions followed. Some
observers considered vertical disintegration – especially the organizational separa-
tion between production on the one hand and transmission and distribution on
the other – problematic for both reliability and economic efficiency. Competition
and privatization resulted in the producers focusing more on profit and savings
than on the security of supply and reliability. A lack of supply resulted in high
prices, and this was often to the benefit of the power producers.
During the 1990s the investments in the Norwegian grid were historically low.

ICT devices were introduced to expand the capacity without building new lines
or cables. For instance, the capacity between eastern Norway and Sweden through
the Hasle–Borgvik connection increased by 10 per cent for export and 33 per cent
for import, primarily because of ICT-based system protection. The integration of
the liberalized Nordic markets demanded stronger interconnections to become
efficient. Interestingly, from 1989 to 2001 the transmission capacity between the
Nordic countries more than doubled, from 4000 MW to 10,000 MW, most of it
between Sweden and Norway, and between Sweden and Denmark.53 This network
expansion was closely related to the ambitions to advance the integration of the
liberalized Nordic market.
Increasing flows of cross-border electricity within Nordel called for better com-

munication between the Nordic TSOs. In January 1994 a separate telecom network
for the Nordic power industry began operation. After several years of discussions
and planning, in 2008 the TSOs were able to take advantage of a web-based infor-
mation system called the Nordic Operational Information System. This served as
an aid for balancing regulation with updated information on the Nordic electric-
ity system, with real-time information on the cross-border flows of electricity.54

In 2006 the Nordic TSOs signed an extensive agreement “regarding operation of
the interconnected Nordic power system.”55 Part of this agreement was the use of
the ICT-based Nordic Outage Planning System, a software tool for coordinating
production outages.

Complexity and climate creating a “turning point”?

Some evolutionary economists and researchers think that the recent economic
crisis represents a turning point. To get out of the crisis, they argue, it will
be necessary to fully exploit the potential of information and communication
technology.56 There is also much talk about all sorts of smart and intelligent
things and infrastructures, such as “smart cars,” “smart transportation,” “smart
water systems,” “smart houses,” or merely “smart infrastructures” and “smart
technologies” or, alternatively, “intelligent” devices.57 The “smart grid,” the “self-
healing networks,” the “Intelligent Grid” or just “Intelligrid” refer to the electricity
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complex, and some of the rhetoric seems to promis everything. For example, on
the home page of the US Electric Power Research Institute (EPRI) we read: “EPRI’s
IntelliGridSM initiative is creating the technical foundation for a smart power
grid that links electricity with communications and computer control to achieve
tremendous gains in reliability, capacity, and customer services.”58 In the EU, the
Smart Grids Task Force was established in 2009. Its aim is to advise the commis-
sion on policy and it will coordinate the first steps towards the implementation of
smart grids.59

The work on smart grids and other new ICT-based investments can be seen as
a response to a mismatch between operating technology and the existing con-
trol system. A significant share of the control crises relates to the combined forces
of liberalization on the one hand and energy, environmental and climate policy
in the EU on the other. First, these policies have created strong incentives both
for more cross-border trade and for the introduction of decentralized production
units, such as windmills, solar panels, wave energy, and small hydropower sta-
tions. These energy sources often have less stable and predictable output, which
increases the demands on the control systems. There is an obvious need for the
planned supergrid in the North Sea to be a smart grid as well.
Second, the emergence of several European power exchanges creates substan-

tially more complexity in the industry’s operation. The power exchanges, such as
the Nordic NordPool, German EEX, and Dutch APX, are all heavy users of ICT.
A World Bank report concludes: “The complexity of the energy exchanges, espe-
cially arrangements for pricing and settling commercial transactions on a real-time
basis, increases dramatically when a competitive market regime is introduced.”60

These ICT-based control systems of the power exchanges include, among other
things, trading systems, settlement systems, risk-management systems, and sys-
tems for fund transfers. In addition, the software on the computers of buyers and
sellers must communicate safely with the power exchanges. The close relations
between the functioning of the market system and the balancing activities of TSOs
make it decisive not only that the power exchanges function as intended but also
that the communication lines between exchanges and the TSOs work properly.
Third, consumer rights and the aim to make efficient use of consumers’ economic
incentives, in combination with the need for energy conservation, have made the
installation of smart meters an essential part of the smart grid projects.
The smart grid is closely connected to politics and institutional change. US

President Obama has pointed at the smart grid as one of his main concerns.61

His support for smart-grid development combines policy on climate, security of
supply, and energy efficiency, but also a sort of modern “New Deal” politics of
employment. We see some of the same tendencies in Europe. Significant parts of
the existing grids are old, and would have to be renewed in any case. The imple-
mentation of the EU’s climate and energy package, with ambitious targets to be
met by 2020, certainly requires active public involvement,on both the EU and the
national level. Combined with the challenges stemming from the 2008 financial
crisis and its aftermath, there is indeed potential for more extensive coordination
of the European business system. If so, there are indications that the electricity
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sector will be an integrated part of such a transformation. What about Norway’s
transnational electricity connections to the Continent in this context?

Norwegian power producers: Profiting on policy

The turn from the old Nordel to a liberalized connection regime has been very
profitable for Norwegian power producers, given their very low costs of produc-
tion. Out of self-interest, actors within the Norwegian power supply industry have
also actively supported the further liberalization of the EU electricity market.
Norway was actively involved in establishing the European Network of Trans-
mission System Operators for Electricity and the European Regulators Group for
Electricity and Gas in 2003. Norway’s participation in these EU organizations is
very much connected to the evolving integration of the structures of its electricity
sector related to energy, information, and the market. Paradoxically, this institu-
tional adaptation and integration also makes it possible for Norway to formally
remain outside the EU without too much inconvenience. In parallel, from the
early 1990s, numerous plans to lay cables directly from Norway to continental
Europe have been proposed. Such cables would make Norwegian power producers
independent of transit through Sweden or Denmark.
Some cable plans of the 1990s were cancelled by continental utilities when

the European Commission started to push harder for liberalization of the elec-
tricity market, resulting in substantial compensation for its Norwegian contract
partners. However, after more than ten years of planning, the auctions of trans-
mission capacity in the NorNed cable began in May 2008. During the rest of that
year, Statnett and TenneT earned �113 million each. Norway’s electricity produc-
ers probably earned even more than Statnett because of the high electricity prices
in the Netherlands.62 Dutch consumers saved about the same amount, whereas
Dutch generators were the main losers. The one-month break in transactions
meant losses for the two TSOs amounting to �28.5 million, and the losses by
the Norwegian producers and the Dutch consumers were also very large.
The perceived success of the NorNed cable has stimulated new cable plans. As

of early 2011, at least five new cables between Norway and the Continent were
under planning or serious discussion. Statnett has plans for new cables to Denmark
and the Netherlands, but also to Germany and Britain. In the EU, such cables are
welcomed. They would provide new couplings between the Nordic and the conti-
nental electricity market and thereby make the European electricity market more
efficient. It was also argued that such cables dovetailed nicely with Europe’s cli-
mate policy. As mentioned, Norway’s large water reservoirs and flexible generation
make Norway an excellent supplier of peak power and a “swing producer,” con-
tributing to the security of supply when windmills or solar energy are unable to
meet demand. Clean energy from hydropower is seen as the perfect complement
to the clean energy from the wind and the sun, as envisioned in the plans for the
North Sea supergrid.
The largest and most ambitious Norwegian power producer, Statkraft, has a

heavy portfolio of hydropower stations in Norway, but also some in Sweden,
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Germany, Finland, and other countries. Statkraft praises itself as “Europe’s largest
renewable energy company.”63 It also has some wind-driven and gas-fired power
plants. Both Statkraft and other Norwegian power producers make rhetorical use
of climate policy to legitimize their plans for power export and their strategy of
being a “battery for Europe.” For example, the president and CEO, Bård Mikkelsen,
states in Statkraft’s 2009 annual report: “We ourselves are driven by the world’s
need for pure energy.”64 Statkraft is well aware of the large amount of subsidies
for green power production within the EU, and the firm tries to take advantage of
this. For the Norwegian power-intensive industries and their workers, in contrast,
the cable plans represent a considerable risk for higher electricity prices, decreased
international competitiveness, and possible factory shutdowns.
Statkraft’s European strategy is also very much related to its well-developed ICT

systems, not least for market operations. Having operated in a liberalized mar-
ket since 1991, and being a co-developer of the financial market at Nord Pool,
Statkraft is a very experienced market actor and trader. When investing abroad, it
most often has a double motivation, both to earn money directly from the project
and to get first-hand information about prices and markets. In addition to a tailor-
made version of the mentioned EMPS model for the Nordic market, Statkraft has
developed a special model for the fossil-fueled continental market. Statkraft sees
these models, their extensive systems for information acquisition, and the expe-
rienced personnel operating them as a main competitive asset for its European
operations.65

Transnational connections, risk, and critical effects

One aspect of the recent technological and institutional development of the
electricity supply industry seems obvious: complexity is increasing. Horizontal
integration in the form of transnational connections is one reason; vertical inte-
gration between the high-voltage system and numerous ICT systems is another.
At a Nordic utility meeting in 1953, a Norwegian engineer stated: “In a way,
the telephone constitutes the nervous system of the electricity network.”66 Since
then, electricity supply has had not only a nervous system but something close
to a brain, if not an ICT-based consciousness. Not only computers but thou-
sands of intelligent electronic devices fill up the electricity system, like remote
terminal units and programmable logic controllers with installed microprocessors
networks. From sensors, these electronic devices receive data about voltage, cur-
rent, temperature, pressure (in dams), frequency, water level, and snow weight.
These data are checked by microprocessors, or are forwarded to the control cen-
ters. Since microprocessors may have close to 1 billion transistors coping with
many billions of instructions per second, there certainly is a substantial amount of
“intelligence” distributed in the network. The high-voltage macrocomplexes have
many low-voltage microcomplexes inside them. These complexities also affect the
transnational connections, and they call for agreements regarding information
and communications standards in addition to the standards of the high-voltage
system.
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If there were an obvious and direct link between complexity and vulnerability,
we would have reason to be afraid. In addition, the focus on both efficiency and
profit inherent in liberalization and the possibility of cyberterror through hacking
ICT systems have been said to increase the vulnerability of the electricity com-
plex.67 Transnational connections have also created institutional complexity, with
several national regulators and TSOs operating on the same system along with a
number of EU institutions. In coping with the economic crisis there is also a rea-
sonable chance for a recurrence of the more protectionist and antagonistic Europe
of the 1930s.
However, as we have seen, there is no obvious connection between complexity

and vulnerability. Given the huge and increasing flows of electricity gener-
ated, transmitted, and distributed, the stability of the technological complexes
is impressive. Technological and institutional complexity in the operational sys-
tems has been coped with rather efficiently so far through the addition of new
complexities in the control systems. A report entitled “Vulnerability of the Nordic
Power System” to the Nordic Council of Ministers from 2004 concluded:

With respect to blackouts, the system is in a medium risk state. This is due to the
fact that large blackouts in southern Scandinavia cannot be completely ruled
out. Such blackouts involve many consumers resulting in major or potentially
even critical consequences. However, this is not different from the situation
before deregulation.68

The report in general saw “no indications that the situation will become worse
towards 2010.”69 Norway, with the longest history of deregulation in the Nordic
countries, had a sharp decrease in investments in the grid and other parts of the
electricity network during the 1990s and early 2000s. Despite this the number of
reported outages decreased in the years 1996–2001, and then remained stable in
the years 2002–8.70 The impressive development of control systems and protection
devices seem to do their job properly for the most part. However, this relates to
the more serious breakdowns of the networks. Local problems and outages have
always been part of the game.
The history of electricity supply is certainly a story of increasing technological

and institutional complexity. Transnational connections have contributed to this
complexity. The result is an ambiguity and uncertainty concerning vulnerability,
reliability and the distribution of risks and critical effects in this industry. And
it is not possible in any strict sense to calculate the probability of the outcomes.
We have genuine uncertainties, which are lately combined with the lack of certain
knowledge about the effects and the nature of climate change. This knowledge
vacuum gives an opportunity for strong economic interests to exploit the situa-
tion. The combined forces of a climate-industrial complex and a security-industrial
complex might contribute to a huge redistribution of risks – and resources. The
use of CO2 quotas, enormous subsidies for “green energy,” and large investments
in grids for connecting renewable energy sources with low efficiency affect the
distribution of wealth and tax burdens. The dominating actors in the discourses
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on critical infrastructures are consultancies, utilities, and researchers working for
profit. To what extent are the warnings about and focus on vulnerabilities, crit-
icalities, and risks influenced by their own self-interests? For power-intensive
Norwegian industry and for Norwegian households, the cables to the Continent
will probably result in higher electricity prices. Perhaps they might also have some
favorable effect on our climate.
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In Case of Breakdown: Dreams and
Dilemmas of a Common European
Standard for Emergency
Communication
Anique Hommels and Eefje Cleophas

Introduction: Transnational collaboration and critical
infrastructure

Communication networks for emergency services (police, ambulance, fire brigade)
are among societies’ most critical infrastructure. Before the 1990s, small local
or regional analog radio communication networks were used for emergency ser-
vices all over Europe. Emergency services used different frequencies, standards,
and operating protocols. In most cases the systems were not standardized at
the national level. As a result, cross-border communication between these net-
works was very difficult. The (legal) regulation of cross-border cooperation among
emergency services has been intensified since the 1980s. Agreements were ini-
tially characterized by local, short-term arrangements between particular villages
or cities.
Since the 1980s the arrangements to facilitate emergency collaboration have

become embedded in a broader context of European agreements, such as the
Schengen Agreements. These changes were accompanied by attempts to develop
new operational practices for cross-border emergency communication. Two tech-
nological programs were launched to improve the interoperability of emer-
gency communication networks in Europe: short-term Schengen and long-term
Schengen. Short-term Schengen referred to a plan to coordinate the radio fre-
quencies of border regions to make direct communication possible. Long-term
Schengen aimed to develop and implement a European standard for emergency
communication that would ideally be used in all European countries. This tech-
nical standard, originally called Trans European Trunked Radio (later Terrestrial
Trunked Radio) or Tetra, could be embedded in national networks for public safety
and would also allow for cross-border communication over long distances. In this
way, Tetra would enhance the quality and efficiency of the collaboration between
the emergency services of one country and between different countries. The claim,
of course, was that standardization would reduce our vulnerability in case of a
disaster.
Infrastructure theorist Paul Edwards and others see the use of standards or other

gateways to link up isolated local systems into a complex “internetwork” as a
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defining characteristic of modern infrastructure.1 Standardization and gateway-
building typically involve a variety of actors, and social and technical ele-
ments that need to be coordinated and connected. Furthermore, standardization
researcher Tineke Egyedi distinguishes between improvised and standardized gate-
ways.2 In standardized gateways the interconnection between local systems takes
place through a (generic) standard, a uniform solution that can be applied in
other situations across time and space. In improvised gateways, by contrast,
the connection between subsystems is cobbled together in an ad-hoc fashion
and not reproduced in other times or places. Until the 1990s, cross-border col-
laboration involved such “improvised gateways.” The Tetra standard (currently
still in development) counts as a “standardized gateway” that aims to connect
diverse (national) emergency communication (sub)systems and networks into a
transnational “network of networks.”3 Our study will show, however, that a strict
distinction between standardized and improvised gateways may not hold.
This chapter investigates the implications of the Tetra standard for the vul-

nerability of emergency communication. It is not until emergency infrastructure
breaks down or runs into trouble that its dynamics, vulnerabilities, and societal
importance become visible at the surface. For this reason this chapter focuses
on two critical events in the recent history of cross-border emergency com-
munication. Our first case concerns the practices of emergency communication
immediately after a huge explosion in a fireworks storage facility in the Dutch
city of Enschede near the German border on May 13, 2000, which destroyed con-
siderable parts of the inner city and became inscribed as a “national disaster” in
Dutch collective memory. Our second case is a test of the Tetra standard, the so-
called Three Country Pilot (3CP) that took place in the border area of Germany
(Aachen), Belgium (Liège), and the Netherlands (Maastricht) in 2003.
These two cases represent two so-called Euroregions – that is, microregions

intent on enhancing regional economic, social, and cultural collaboration across
national borders. The Euroregion around the Dutch city of Enschede and the
German city of Gronau was the first official Euroregion established in 1958. The
Meuse-Rhine Euroregion around the cities of Maastricht, Liège, and Aachen was
established in 1976. Even in the age of globalization, regional historians tell us,
such regions remain an important category of identification and economic and
social activity; Europe was and still is a continent of (micro)regions, many of
which cross national borders.4 This is particularly true for emergency services,
which are organized on a local or regional basis in order to respond to local or
regional vulnerabilities and calamities. These two Euroregions, then, will serve as
“laboratories” for studying Europe’s infrastructure vulnerabilities from a regional
perspective.5 They allow us to address such questions as: How did key actors try
to coordinate cross-border emergency communication? How did the Tetra stan-
dard for emergency communication change existing practices and what were its
vulnerability implications? How was standardization perceived to be a solution
to both the European public safety coordination problem and the vulnerabil-
ity problem? And how is “Europe” constructed, materially and discursively, in
regional cross-border emergency communications? We base our case studies on
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in-depth interviews with key actors (who are anonymized in this chapter) in addi-
tion to extensive document analysis (e.g. reports, correspondence, and minutes of
meetings).

Setting the stage: Postwar developments in cross-border emergency
communication

Cross-border emergency communication in our two Euroregions has long been
a matter of local arrangements. After the Second World War a collaboration
between the police forces of the Netherlands and Belgium gradually emerged,
particularly along the Limburg borders of Belgium and the Netherlands. In 1949
this cooperation was formalized in a legal arrangement that stimulated fur-
ther contact. This included joint annual meetings, common border controls,
and expansion of information exchanges. In 1969 a formal Dutch, Belgian, and
German police cooperation was even established, called NeBeDeAcPol. Cooper-
ation between Dutch and German police forces took shape more slowly than
the cooperation with Belgium, however. This has been explained with reference
to the German occupation of the Netherlands during the Second World War,
which sparked a reluctance in the Netherlands to allow German police forces
to cross its borders. Before 1960, hardly any structural contact between Dutch
and German police units existed. In the most southern tip of the Netherlands,
the Limburg area, “spontaneous contacts” between Dutch and German police
chiefs emerged after 1960. These contacts followed the increased mobility of
criminals in the area around Aachen (Germany) at that time.6 Because of bet-
ter infrastructure provisions and increased car usage, transnational mobility
in general increased, and the same was true for transnational criminality.7 In
consequence, an increased perception of the common need to work together
in a more structural way emerged. By 1973 a telex–mobile phone connec-
tion between local police dispatch rooms in the Netherlands, Belgium, and
Germany had been installed. The contacts seem to have been based on mutual
“workfloor” contacts between local police officials rather than government initia-
tives.8

This changed in the late 1970s, when the Dutch Ministry of the Interior
established two committees to investigate cross-border cooperation in emer-
gency services between Belgium, the Netherlands, and Germany. However, the
committees identified several obstacles to such cooperation at the level of dif-
ferences in administrative structures. For instance, the Dutch administrative unit
of “province” did not match the German Länder. The committees therefore rec-
ommended that mutual consultation on both sides of the border be improved
and cooperation organized at the lower levels of public administration – that is,
municipalities.9 As a result, information exchanges between emergency services
across national borders increased: Dutch and German local police units started to
exchange information about officers’ responsibilities, their addresses, numbers of
emergency response units, maps, and so on. By 1979 a bilateral Dutch-German
agreement further specified which authorities should be warned in case of an
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emergency. In the 1980s, further legal arrangements between the governments of
the Netherlands, Belgium, and Germany detailed further procedures for requesting
assistance. They also stipulated that countries receiving help from another coun-
try would not have to pay the costs.10 In the 1970s the focus of attention shifted
from the legal to the technological coordination of emergency communication.
The short-term Schengen program, for instance, coordinated radio frequencies for
cross-border communication on the analog radio networks of emergency services
in the border region.
The idea behind all of these efforts was that cross-border cooperation would

improve the responses to disasters and criminality; joining European forces would
reduce society’s vulnerability. Our first case of the explosion of a fireworks stor-
age facility in the Dutch city of Enschede (close to the German border), however,
demonstrates that cross-border neighbor assistance in emergency response is
not easy.

Emergency communication during the Enschede disaster

If we focus on the collaboration among firefighters in the eastern Twente region
of the Netherlands along the German border, where the city of Enschede is situ-
ated, we again find a history of informal and uncodified cooperation. This often
focused on the interoperability of the equipment and involved “improvised gate-
ways” to coordinate technical dissimilarities.11 For instance, analysis of the role of
technology in cross-border collaboration firefighters in this region revealed at least
three crucial differences: i) the technologies used to fight fire; ii) the communica-
tion technologies on the trucks; and iii) those in the dispatch rooms. According to
the director of the Twente Safety Region, in the 1970s, firefighters from Enschede
joined the Germans for training and soon discovered that the water taps used to
extinguish fires (which are located underground) have a different standard in the
Netherlands than in Germany. And that was a problem: “We could say, let’s make
a nice agreement for cooperation, but if you come together and the hoses cannot
be connected.”12 They pragmatically solved this problem by installing double sets
of apparatus in all fire trucks in the border region, and connectors of all types to
make the equipment interoperable. Improvised gateways were preferred to a more
extensive system change.
Second, as mentioned above, before 2005 the analog radio networks of the

German and Dutch emergency services were coordinated in the short-term
Schengen program. However, radio communication in the border regions was not
always successful. For instance,

direct radio communication of Dutch ambulances with the German Leitstelle
[dispatch room] is impossible as Germany uses different apparatus and fre-
quencies. Furthermore, German ambulances that assist in the Netherlands
cannot communicate with the Dutch ambulances. In some border regions, peo-
ple exchanged mobile phones to facilitate communication, but . . . this is not
allowed.13
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If a Dutch ambulance crossed the German border it could communicate neither
with its own dispatch room nor with the German dispatch room. Nor could the
two dispatch rooms communicate with one another. These challenges to cross-
border emergency collaboration, among others, also came to the fore in the case of
the disaster in Enschede – as one of the things that went utterly wrong in fighting
this disaster was emergency communication.

The critical event of May 13, 2000

On May 13, 2000 a huge explosion in a fireworks storage facility in the Dutch city
of Enschede had disastrous consequences. What began as a small outbreak of fire
escalated into a disaster. The fireworks storage facility was situated in the middle
of the city and, as a result, the consequences for houses and people living in the
environment of the storage facility were enormous. In total, 23 people were killed
(among them four Dutch firefighters) and 950 wounded. Some 200 houses in the
direct vicinity of the facility were devastated. Another 300 houses were heavily
damaged and declared unfit for habitation. In total about 1250 people lost their
homes as a result of the disaster.14

According to the chief commander of the city fire brigade at that time, at the
moment of the big explosion that Saturday afternoon at 3:30 pm, formally we
were no longer in charge, we had no communication, we had nothing . . .Our
communication devices did not work any more . . .We didn’t have an overview
of the situation . . .And that is what happens in all such big disasters: People are
just going to do something, without any central coordination.15

At a certain point there was a threat of a further escalation of the disaster when
a cooling installation at a large, adjacent beer factory (containing ammonia) was
about to explode. The chief commander said:

We tried to spread the message that all emergency workers had to leave the dis-
aster area. We didn’t have Tetra, everyone had their own small analog network.
Moreover, everyone interpreted the message “leave the disaster area” differ-
ently. One thought “I have to go outside the fences”; someone else thought
“I have to go 10 kilometers away”. This shows that giving a clear piece of infor-
mation to the emergency workers, to tell them what to do and what is safe, is
very hard.”16

When people in the city of Gronau across the German border warned their fire
brigade after hearing the explosion, the firefighters decided spontaneously to go
there and offer their assistance. Of the 17 fire brigade units present one hour after
the explosion, seven were German. The German chief of the fire brigade of the
neighboring Kreis Borken was notified by his own superior. He knew exactly where
to go, as he followed the direction of the huge dark cloud that was rising above
the city of Enschede. Close to the disaster area he contacted the Dutch fire brigade
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commander and took his orders. He and his team stayed the whole evening until
midnight and offered assistance in the suppression of flash fires.17

In reports about the disaster and in the accounts of witnesses such as firefighters,
one of the key vulnerabilities in the emergency response to this disaster concerned
communication technologies. The communication infrastructure broke down and
could not cope, nor recover quickly. Half an hour after the major explosion, all
available communication channels were overloaded. This applied to the commu-
nication networks of the emergency services, the dispatch rooms, the normal
telephone lines, as well as mobile phone networks.18 There were also misun-
derstandings about the appropriate radio frequencies to be used for emergency
communication.19 Because of this lack of communication, emergency response
in fact took place without effective central command. Emergency workers impro-
vised to the best of their knowledge and skills, using written notes and direct, oral
communication. Emergency service dispatch rooms were overloaded as well and
the dispatchers lost their overview of the situation.20

In explanations of this vulnerability, the actors involved tend to emphasize the
need for on-site coordination. The next sections make clear, however, that differ-
ent governmental structures, laws, cultures, languages, and operational tactics also
have to be coordinated to shape a more resilient infrastructure.

Coordination as a solution to vulnerability

In their 1997 study “Disaster at the Border”, Hertoghs and Rambach investigate the
legal aspects of cross-border emergency collaboration in Belgium, the Netherlands,
and Germany.21 They show how fundamental differences between the governmen-
tal structures of these countries shape the way in which the emergency services are
organized. For instance, different definitions of what counts as a catastrophe result
in different organizational structures. In German law a catastrophe is defined as
a situation in which the assistance that can be provided at the local or regional
level is no longer adequate. In Dutch law a catastrophe is defined as a situation
that requires the coordinated assistance of different emergency services (with the
level, local/regional, not specified).22

The director of the Twente Safety Region also emphasizes that public safety is
organized differently in Germany than in the Netherlands. An important recent
policy development in the Netherlands is the subdivision of the country into
25 so-called safety regions. This new policy started from the belief that cities
or municipalities were not capable of bearing the full responsibility for public
safety. The region, officials now believe, is the level at which disasters have to
be prevented and fought. At the level of the safety region, collaboration between
emergency services has intensified over the past five years. These safety regions
were inscribed in national Dutch law in 2010. This is not the case in Germany,
according to the director:

The [German] fire brigade is a traditional firefighters organization, whereas
in the Netherlands we have seen the development of the fire brigade into
an organization for crisis management. The Dutch fire brigade had a heavy
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responsibility in preparing the multidisciplinary collaboration. In Germany
that was absolutely not the case. There is a big gap between the different dis-
ciplines: police and fire brigade hardly do anything together. The police has
to catch criminals and the fire brigade has to help and rescue people and that
hardly ever comes together.23

This has not changed since the disaster in Enschede, according to him.
Barriers also exist in the legal aspects of emergency work across borders. One

example of a legal barrier to cross-border collaboration, until a few years ago,
was the prohibition against crossing borders with sirens and flashing lights, and
that the police could not cross borders when armed. These rules caused trouble
in 2000, at the time of the disaster in Enschede. According to the chief com-
mander of the city fire brigade at that time, officially the cars and trucks of the
German fire brigade and Disaster Relief (Technisches Hilfswerk) were not allowed
to cross the Dutch border. After the disaster in Enschede, one of the German fire-
fighters even had to justify himself before the German government for taking the
(officially unauthorized) decision to send support units to the Netherlands on his
own. The Dutch chief commander suggests that, off the record, people said that
if this German firefighter had not given support at that time, he would have been
reprimanded as well.
Our interviewees and the Hertoghs and Rambach study emphasize that the

legal differences and the dissimilarities at the level of governmental structures
make it harder to coordinate transnational efforts at emergency communication.
They suggest that the process is hampered by the fact that policy-makers or local
emergency workers don’t know whom to address to make agreements. As legal
agreements and governmental support are crucial preconditions for arriving at a
clear coordination of the emergency communication infrastructure, these barriers
have to be overcome first – as well as cultural differences.
One of the main contrasts between the German and the Dutch fire brigades

can be described in terms of the different cultural roles that the two organizations
fulfill. The German “fire brigade culture” is often described as kameradschaftlicher
(based on personal friendships),24 while the Dutch organization is characterized
by its professional profile. In Germany the fire brigade fulfills an important social
role.25 It is important in the social life of communities – for example, many young-
sters start their career as firefighters in the German youth fire brigade. It is an
honorable job that people do for a lifetime. Moreover, many German firefighters
are unpaid volunteers, which, surprisingly or not, accounts for the much larger
number of German than Dutch firemen. For cities of similar sizes, the Germans
have about 2.5 to 3 times as many firefighters at their disposal as the Dutch. How-
ever, a disadvantage of the German system is that they cannot always rely on their
firefighters’ availability.26

Another cultural phenomenon crucially important to understanding the cross-
border collaboration in this region is the Dutch notion of noaberschap – the idea
that you help your neighbors whenever they need it. This idea is shared on both
sides of the border and played an important role during the disaster in Enschede.
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Fire trucks from Germany were not officially called to the disaster in Enschede;
instead they just came when they heard about it. According to the chief comman-
der of the city fire brigade, this can be explained by the German insistence upon
the notion of neighborly assistance: “In the Netherlands we have this system of
calling for assistance. In Germany, yes, in a formal sense too, but there they are
very charmed by the idea of neighborly assistance, so they just came.” The fact
that they came unannounced was a mixed blessing according to him:

Uncoordinated action is the worst thing that can happen . . .because you lose
control, people take risks, there is no communication, certainly not when they
begin spontaneously and use their own communication technologies. So on
the one hand, you have to be very grateful that it happens – on the other hand,
it is important to coordinate this in a different way.27

The cultural value of noaberschap that is so prominent in the communities on
both sides of the border has – interestingly enough – ambiguous implications for
the vulnerability of emergency response. On the one hand, noaberschap is seen as
an important asset in the reduction of vulnerability, as people can rely on being
rescued by their “neighbors” when they are in trouble. On the other hand, the
commander’s account of the disaster in Enschede shows that it is a “mixed bless-
ing”: if the neighboring emergency services turn up without warning, this results
in a situation that is very hard to coordinate – something which makes emergency
response more vulnerable.
Although looking at legal differences, dissimilarities at the level of governmental

structures, and cultural differences already reveals the difficulties of coordinating
various aspects of emergency collaboration, an analysis of the way in which emer-
gency services operate together also raises challenges to collaboration. After the
disaster in Enschede, a report concluded that there are some crucial differences in
the working procedures of the Dutch and German fire brigades and that this can
seriously hamper collaboration: “Not all employees of the fire brigade were suf-
ficiently aware of the organization, mandates and operational procedures of the
emergency services on the other side of the border. This hampers operational col-
laboration in practice.”28 One general difference seems to be the existence of more
strict and more explicit regulations and protocols in the Netherlands. There is also
more uniformity in the way in which the Dutch fire brigade operates compared
with the German fire brigade.29

Moreover, the operational tactics used to attack a fire differ. In the Netherlands,
in most cases firefighters enter a building to go to the spot where the fire is, to
fight the fire from the inside. This tactic is called “the inside attack” or “offensive
firefighting.” In many other countries they fight the fire from the outside, using a
lot of water (“defensive firefighting”). In contrast, the Dutch “want to locate the
source of the fire as precisely as possible, which is not without risk. But it is a lot
more effective.”30 In Germany, firefighters have changed their tactics over the past
few years and now use a combination of the inside and outside attack.31
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Our Enschede case suggests that not only do governmental and legal barriers
have to be overcome for cross-border emergency collaboration (and communica-
tion) to work; cultural, and operational practices have to be aligned as well. Its
“working” seems to depend on the successful coordination of a “heterogeneous
sociotechnical ensemble.”32 Stakeholders tend to perceive cross-border coordina-
tion of all of these aspects as the best way to reduce the vulnerability of emergency
communication. The Euroregion played an important role in these attempts to
organize cross-border emergency collaboration. Under the Euroregion flag, collab-
oration between emergency services intensified after the Enschede disaster. In this
sense the Euroregion emerges as an important constitutive element in Europe’s
vulnerability governance. “Legal Europe” also played a crucial role, embodied in
the Schengen Agreement that made it possible for German firefighters to cross
the Dutch-German border without border controls in the first place. Furthermore,
the emphasis was put on local agreements and improvising gateways between the
incompatible technological tools of the two countries.

Dreaming about a common European standard for public safety

The Enschede disaster created a new sense of urgency among Dutch public safety
services and the Ministry of the Interior in order to improve the effectiveness
of emergency communication. Since the mid-1990s the Dutch government had
been involved in the development of a European standard for emergency com-
munication: Tetra. The Dutch version of this system, called C2000, was still under
development at the time of the Enschede disaster, but there was a strong belief
among government officials that Tetra/C2000 would vastly improve coordination
between emergency services and across borders. Proponents of Tetra/C2000 inter-
preted the disaster in Enschede as an example of how emergency communication
can fail if not standardized. They pushed for a speedier implementation of C2000
to enhance the quality and efficiency of emergency response.
In this section we analyze the development of the European Tetra standard as a

case of European integration and fragmentation. The standard was meant to inte-
grate Europe and to increase the safety of its citizens. As such, it was supposed
to embody two key ideals of European political collaboration. As noted, the idea
of improving emergency collaboration across borders in Europe was already men-
tioned in the Schengen Agreement of the mid-1980s. The Schengen Agreement
expressed the ambition to create a pan-European network for public safety and
justice, and to enhance cooperation between police services in different European
countries: “Art. 44 of the Schengen Agreement contains an obligation to pro-
vide for direct radio contacts between police and custom services when operating
across borders.”33 Communication technologies, preferably standardized, would
be helpful in particular for the exchange of information in cases of cross-border
observation and pursuit. In the late 1980s the incompatibility of systems made a
direct connection between police units in border areas impossible. To overcome
this, a “uniform police radio communication system using common frequencies
for exclusive use by the police”34 had to be developed. In order to achieve this
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goal, the use of communication standards had to be coordinated. It was expected
that “standardization would lead to a better quality of the cooperation between
the emergency services, increased efficiency and increased effectiveness in case of
large-scale emergencies.”35 To achieve this, it was argued, a common European
communication standard was needed.36

The European Telecommunication Standards Institute (ETSI) started develop-
ing a standard for mobile digital radio communication in 1988. In the early days
this system was called the Mobile Digital Trunking Radio System. In 1992 it was
renamed Tetra (Trans European Trunked Radio; later, when the global capacities
of Tetra became clear, TErrestrial Trunked RAdio).37 Initially the standard was not
primarily dedicated to emergency communication. Later, due to input from the
public safety sector in this standard, it became more tuned to the needs of emer-
gency services. The main aim of the Tetra standard was to define a number of
open interfaces (an air interface, Direct Mode operation and Inter System Inter-
face are the main ones) detailed enough for different manufacturers to develop
independent products based on this standard. By following the Tetra specifica-
tions, the infrastructure and terminals developed by different manufacturers were
supposed to be fully interoperable. The air interface allows for communication
between base stations and terminals, whereas the Direct Mode interface makes
it possible to communicate in local radio networks without the support of the
Tetra infrastructure. (This can be helpful in emergency situations where the Tetra
infrastructure gets overloaded.) The Inter System Interface allows interoperability
between two or more different networks supplied by different manufacturers (e.g.
Tetra networks in different countries).38

A competing standard called APCO25 had already been developed in the United
States. The head of the R&D department of the information and communica-
tion technology (ICT) organization of the Dutch police was informed about the
developments in the United States by his British colleague. The British had been
following the developments in the United States around APCO25 for some time
and had become quite enthusiastic. They also knew about the new ETSI project to
develop a standard for mobile radio communication for a wide market and they
informed the Dutch about this. Together they agreed that the British would follow
the developments in the United States and that the Dutch would focus on ETSI.
Soon Britain also joined ETSI. At the same time the Netherlands became involved
in ETSI RES-6, the committee in which the Tetra standard was developed.39

Simultaneously, a working group of the Telecom experts of the Schengen coun-
tries40 was established. This would define the functional requirements for the
ETSI standard under development. According to one of the Dutch representa-
tives in the Schengen Telecom group, the Dutch followed the developments in
the United States quite closely. However, they finally decided that they preferred
a “European” standard, developed by European industry. They argued that, as
Europeans, they wanted to support European not US industry. Moreover, the other
countries represented in Schengen Telecom would never accept APCO25: they
clearly preferred a European standard developed by ETSI.41 According to a former
high-ranking civil servant at the ministry of Justice,
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In technological matters, the Netherlands has always been a country very will-
ing to cooperate in Europe . . . So, if there would be any chance of a European
technological development and a European solution, you would go for that –
for reasons of scale and impact.42

In addition to these economic and political reasons, the Dutch negotiators
also expected a European standard to better address the needs within Europe.
A telecom engineer for the Dutch police argues that European products take spe-
cific European circumstances into account better. For instance, in Europe, the
geographical distance between big cities is much smaller than in the United States.
Therefore less powerful transmitters are needed: “We need a technology that bet-
ter matches the highly populated areas we have.”43 This line of reasoning is also
expressed in the minutes of a Schengen Telecom meeting on June 23, 1992, in
the Netherlands, where the Germans claimed that: “the advantage of [the Tetra
standard] over the APCO standard is that the latter is based on the American geo-
graphical and urban reality, which is altogether different from the European situa-
tion.”44 In these reasonings, a unified “industrial Europe” is being constructed that
deserves support and protection against “outside” competitors such as US industry.
This willingness to act in “the right European spirit” resulted in a hard time for

Tetrapol, another standard for emergency communication under development at
the time. Tetrapol was a French industry standard, developed by Matra and not
acknowledged by ETSI. The Dutch did not want to limit themselves beforehand to
one supplier (Matra) and therefore Tetrapol was not an option for them.45 The dis-
cussion about the choice between Tetra and Tetrapol that originated in the early
1990s was reopened in Dutch parliamentary debates as well. MP van Heemst asked
for a comparison of the costs of Tetra and Tetrapol. He raised uncomfortable ques-
tions: “What if Germany opts for Tetrapol? What shall we do then?” According to
the minister, the comparison of Tetra and Tetrapol should be viewed in the context
of “the praiseworthy shamelessness with which France always tries to promote its
own industry.”46 The Netherlands should focus on the choices of its direct neigh-
bors (Belgium, Germany, Luxembourg). “If the consequence of France’s choice
for Tetrapol is that it cannot communicate with other countries, or can only do so
with extensive technical measures, Mr. Chirac should rethink his statements about
the fight against international crime,” according to the minister. “So far, all other
countries have opted for Tetra and any government that does not do so bears a
heavy responsibility”,47 he argued.
The ultimate solution thus became the creation of an “open European stan-

dard.” One of the alleged advantages of an open standard was the formation of a
so-called “multivendor” situation – a situation in which countries would not be
dependent on one supplier or manufacturer. For the Netherlands in particular, the
standard had to be “European,” as the Dutch government considered itself to be
a strong supporter of Europe and European integration, wanted to contribute to
meeting the Schengen objectives and wished to support European industry (rather
than US industry, for instance). Moreover, developing a new nationwide system on
its own was not considered to be economically viable.
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According to a civil servant, responsible for international relations at the
Ministry of the Interior at the time,

Yes, we knew that we were going to take a risk with the new technology and
the new standard. But, okay, you decide you want to be a leader in that area
or not, and someone has to be the first to implement them. And we invested a
lot in spreading the Tetra standard because we found it so important to have,
in Europe, a radio communication network for emergency services, comparable
with GSM.48

In the course of 1998 it became clear that Tetra was winning ground in Europe.
In October 1998 the Netherlands, Belgium, Britain, Finland, Norway, Sweden, and
Portugal had opted for the Tetra standard.49 In Germany the decision process about
a nationwide network was still under way. However, the Dutch deputy minister for
the interior, Gijs de Vries, still regretted the lack of consensus within Europe about
the adoption of the Tetra standard. If other countries were to choose another stan-
dard, that would hinder cross-border emergency communication. Therefore he
contacted the European Commission and asked it to promote the Tetra option
among other European countries. The European Commission responded, however,
that European public tender law does not permit an a priori choice for the Tetra
standard, thereby excluding alternative technologies, such as Tetrapol. This would
contradict Europe’s open-market philosophy.50 Therefore de Vries also lobbied for
Tetra among other European countries and (at that time) candidate member states,
such as Poland and Hungary. These countries eventually decided to opt for Tetra
as well. Figure 9.1 shows that in 2009, many European countries had indeed cho-
sen the Tetra standard, but not all of them: France, Switzerland, and the Czech
Republic opted for Tetra’s French competitor, Tetrapol.
In sum, the Tetra standard was promoted by countries like the Netherlands as a

standard mainly because of its “European nature” – that is, produced by ETSI and
supported by European rather than US industry. Standardization of emergency
communication infrastructure was seen as the key to European integration and
collaboration in public safety issues. France, having developed its own industry
standard, was strongly criticized by the Dutch government for not acting in the
right European spirit by opting for its own standard: in the Dutch view, the French
government actively contributed to the technological fragmentation of Europe
and made Europe more vulnerable.

The Three Countries Pilot

Having analyzed the use of improvised gateways in the case of the fireworks disas-
ter in Enschede and the shaping of the Tetra standard, we may now ask how the
implementation of the Tetra standardized gateway reshaped cross-border emer-
gency communications. What were the implications of the Tetra standard for the
vulnerability of emergency communications? We address this issue by focusing
on an emergency test that took place in May and June 2003 in the border area
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of Germany, Belgium, and the Netherlands. In this so-called Three Country Pilot
(3CP) the Tetra standard was tested to investigate its operational value for cross-
border emergency communication. Some 12 scenarios were tried. These included,
for instance, one in which a German policeman witnessed a carjacking in Belgium,
a cross-border pursuit, and a mass public demonstration at the border. Such sce-
narios were explained in detail and all communication was prescribed word by
word, leaving little space for improvisation during the test. In essence, then, the
test was a technical check of the interoperability of three independently developed
Tetra systems in three different countries.
As mentioned above, the Tetra standard served as the technological basis for a

number of national emergency communication networks in Europe. The Dutch
C2000 network was built by KPN Getronics and Motorola. Belgium’s Tetra-based
network, called ASTRID, was built by Nokia. The German police used (and still use)
analog radio systems but have recently decided to switch to a Tetra-based network
as well. After the implementation of the C2000 network in the Netherlands, com-
munication with Germany and Belgium had to be coordinated in a different way.
According to the director of the Twente Safety Region, in that region they used the
same improvisation strategy as in the past to connect the Dutch digital and the
German analog networks. If a German vehicle enters the Dutch region, it can be
connected to C2000, and a Dutch vehicle on German soil can be connected to its
analog system. The dispatch room always acts as a kind of intermediary between
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the vehicles. A special arrangement has been made for the trauma helicopter from
the German city of Rheine that also serves the whole Twente region.51 Officially it
is not allowed to use communication apparatus in a different country, but in this
case a C2000 mobile phone was simply installed in the German trauma helicopter
to make sure that it can easily be guided to the right location.52 These examples
show that, even when a standardized gateway (Tetra) is present, improvisation
strategies are necessary to support cross-border emergency collaboration.
The 3CP nicely illustrates the difficulties involved in aligning different tech-

nological systems and working processes, even when a technical standard is in
place. The Euroregion Maas-Rhine, where the test took place, comprises the cities
of Maastricht, Aachen, and Liège and is a very densely populated area with 3.7 mil-
lion inhabitants living in an area of 10,478 sq. km: “Within an area with a radius
of approximately 50 km, people are living and working in three different coun-
tries with governments, laws and judicial systems of their own.”53 The region
Maastricht-Aachen-Liège has a reputation when it comes to cross-border crimi-
nality. There is quite a strong influence from cross-border drug traffic. According
to the 3CP project leader for the Netherlands, “For us, Holland, it [the 3CP] is very
important. The three-country region is an area where there is much cross-border
criminality. And of course Holland is very small and if you drive half an hour you
will have visited three different countries.”54

Before the 3CP and the development of Tetra, the emergency services of the
three countries collaborated using their analog radio systems.55 According to the
Dutch 3CP project leader, cross-border communication between police and fire
brigade was very limited:

They didn’t talk to each other unless they met on the spot where something
was happening . . .There was no direct communication between the people in
the field. They all had their own dispatch room and the dispatch room had to
call to repeat all the communication traffic.56

Before the 3CP, the three countries collaborated using analog radio systems accord-
ing to the radio frequency agreements made within the short-term Schengen
programme.57 In this case, too great an emphasis was placed on coordination as
a means to improve collaboration and system reliability. Although the 3CP test
report revealed difficulties related to the coordination of language, operational
procedures, and administrative issues, the main challenge seems to have been
technological coordination between the three countries.

Coordinating different technologies

When the 3CP began its preparation phase in the late 1990s, the three countries
involved had made different choices about their national emergency communica-
tion systems. The Netherlands had chosen the C2000 system, based on the Tetra
standard. In 1999 a consortium of Motorola and KPN/Getronics (named Tetraned)
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had been contracted to deliver the network. At the same time, however, the offi-
cial go–no go decision for the C2000 project had not been taken yet by the Dutch
government and, as we saw in the previous section, the choice for Tetra (instead
of, for instance, the French Tetrapol solution) was still being debated in the Dutch
parliament. In Belgium, the ASTRID network, which was also based on the Tetra
standard, was under development by Finnish company Nokia. By the end of the
1990s, the German government had not yet made a choice for a standard for their
new communication system. In Aachen, a temporary network based on the Tetra
standard was built:

In Germany the political issue was very important . . .Well, there was a discus-
sion concerning the Aachen pilot; it was a pilot to support the decision for
technology and for a country-wide network. So they were in a completely dif-
ferent phase of developing their Tetra standard and applying it for public safety
users than we were. We were already rolling out our network in Holland, while
they were still in the decision process.58

Although the three countries chose Tetra as the common standard for the 3CP,
there were important differences between them that made it hard to integrate their
Tetra networks. The 3CP shows that having a technical standard (Tetra) in place
does not automatically imply that different countries can connect with different
networks, even if they are based on the same official standard. One of the main
reasons was that there were different suppliers in Belgium and the Netherlands
(Nokia and Motorola) that were very reluctant, according to our interviewees, to
openly discuss the different systems and possible solutions. One of the reasons
behind this reluctance was their fear of revealing sensitive company informa-
tion to their main competitors. As a member of the 3CP Coupling Group, and
communication systems engineer for the German federal police, argues, “I think
there was a competition in Germany to build the nationwide system and one
supplier was Nokia, with EADS and Motorola the other rival. And I think they
didn’t want to say too much about their system to one another. This was a prob-
lem.”59 The financial and planning manager of C2000 at that time, argues along
similar lines:

Describing it [the central, common functionalities of the so-called Inter System
Interface (ISI)] is no problem, making a contract of it and putting into place: a
big problem. Because there were also some things going on between Motorola
and Nokia – if you want to connect the systems you have to show the other
one what’s in your system. So it will fit. And that was the problem between the
two companies.60

An additional technological gateway, the ISI, was needed to connect the three
Tetra networks. Industry was very hesitant to invest in an ISI. The countries had to
buy it before it would be developed, but they wanted to see it working before they
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would buy it. According to a prominent Dutch negotiator in ETSI and Schengen
Telecom,

It was a little bit of a chicken and egg problem. We said to the industry ‘there
should be an ISI. Develop an ISI and when you have an ISI and we know what
it costs, we might buy it.’ And the industry said, ‘yes, but we are not going to
develop an ISI when there is no contract for it, so please give us a contract first
and then we will develop it.61

Back then, in 2007, industry was still reluctant to invest in an ISI.62

The financial and planning manager of C2000 relates the reluctance of the
industry to work together in a project like this and its unwillingness to invest
in an ISI to

the barrier between public institutions on the one side and commercial insti-
tutions on the other side. Commercial institutions always talk about profit and
money and getting a market share. Public institutions only talk about solutions
for their problem: ‘I can’t tell my colleague on the other side of the border,
fix that . . .’ So we talk in solving problems and they talk in market shares and
profits . . . and that clashes.63

Although Tetra is an “open” standard, being, in principle, supplier independent
(in contrast with a “proprietary standard” developed by one supplier), this anal-
ysis shows that it still has to deal with market stakes and strategies of important
suppliers.
Despite these difficulties, the telecom engineers involved in the 3CP improvised

a temporary network based on Tetra that allowed for communication between
emergency workers from different countries on one side of the border and between
two dispatch rooms in different countries. Direct radio contact between emer-
gency workers across the border was not possible. When writing the scenarios
and also during the tests, it became clear that for a successful communication
process, implementing a standardized gateway was not sufficient: different opera-
tional tactics, languages, and legal systems had to be bridged as well. Similar to the
case of Enschede, many heterogeneous elements had to be coordinated to make
the process work.64 In this case, however, the main vulnerabilities in the cross-
border collaboration between emergency services were attributed above all to the
lack of technological interoperability. Having a (temporary) Tetra network in the
three countries was not sufficient to achieve “plug and play” technological inter-
operability. An ISI was deemed necessary to solve this problem, but this was (and
still is) impossible because of the reluctance of both industry and national govern-
ments to invest in it. According to the public safety actors involved, the lack of an
interoperable network was due mainly to the unwillingness of the main suppliers
to cooperate and to invest in it. Thus this case showed the clash between the ideals
of cross-border cooperation, European integration and safety for citizens, and the
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actual practices of negotiation and deliberation, involving national and indus-
trial stakeholders. The key vulnerability of the system thus seemed to be rooted
primarily in its confrontation with unwilling or uncooperative stakeholders.

Conclusions: Europe and the vulnerability of emergency
communication infrastructure

In this chapter we have discussed the shaping of emergency collaboration
in the two Euroregions as an attempt to achieve heterogeneous coordination
at several levels: technological, cultural, operational, tactical, and legal. These
developments were embedded simultaneously in geographical scales that ranged
from local collaborative arrangements among municipalities, to the involve-
ment of international institutions (ETSI, Schengen Telecom) and legal agreements
(Schengen Agreements) and standards (Tetra). We now discuss the implications of
these transitions for the vulnerability of emergency communication infrastruc-
ture. Local stakeholders, we saw, have long acknowledged collaboration across
national borders as an important way to reduce vulnerability to accidents and
disasters. Particularly since the 1970s, local initiatives to collaborate with emer-
gency services across the border have become more frequent. In these efforts
the region (and later the formal Euroregion) became an important organiza-
tional setting for stimulating and regulating cross-border cooperation. Besides
national organizational structures, such as the Dutch province and the German
Land, the (micro)region served as a key organizational unit for the attempts
to integrate emergency work. This confirms the importance of the microre-
gion as a key unit of analysis or laboratory both for studying Europe’s hidden
integration and for understanding the governance of Europe’s infrastructure
vulnerabilities.
Our two cases have shown that the microregion is the unit where, according to

the actors involved, coordination of emergency communication had to be orga-
nized. Stakeholders perceive “heterogeneous coordination” as a necessary step
toward cross-border and transnational collaboration and toward managing crit-
ical communication infrastructure. A variety of heterogeneous elements needs
to be coordinated and brought into alignment before a reliable system can be
accomplished. Our cases showed two different approaches to heterogeneous coor-
dination: the Twente case focused on improvised gateways and small-scale, local
arrangements and flexibility, whereas the 3CP case studied the strategy of coordi-
nation through standardized gateways, long-term and large-scale agreements. Dur-
ing the Enschede disaster the communication infrastructure based on improvised
gateways was evaluated as “vulnerable” by stakeholders: connections did not work
and telecommunications broke down. Moreover, the rescue efforts of the German
neighbors, initially seen as an important asset in reducing vulnerabilities, also suf-
fered from coordination problems. In response, key stakeholders in the field of
public safety (governments, police, fire, and ambulance officials) highlighted the
need for better coordination in emergency situations, and increasingly supported
the development of a joint technical standard for emergency communication.
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This prioritization of a technical solution to communication and coordination
vulnerabilities is clearly exemplified in the 3CP case.
A comparison of the two cases shows, however, that even technological coordi-

nation by means of a common European standard (Tetra in the 3CP case) does not
guarantee the success or ease of cross-border collaboration.65 Despite the presence
of a technical standard, actors still had to improvise to connect the three country-
specific networks and make cross-border communication work. These actors also
found that technical standardization alone was not sufficient to make the network
reliable: they also needed detailed agreements on the use of language and proto-
cols. This apparently produced a more harmonized system, but they still had to
cope with incomplete (or unfinished) technological interoperability and the lack
of an ISI. Therefore we conclude that standardized solutions do not reduce the
vulnerability of critical infrastructure by definition – they might very well intro-
duce new vulnerabilities. The 3CP case showed that, ironically, the very same ideas
and stakes behind Tetra (open, European, interoperable) provoked tensions on the
border – tensions that resulted in reluctance among suppliers of Tetra networks
and equipment to share knowledge and to make their equipment interopera-
ble. This is a historical irony of vulnerability (see Chapter 1): attempts to reduce
vulnerabilities may produce new vulnerabilities of their own later on. Such vul-
nerability dynamics cannot merely be derived from theory; in order to identify
such vulnerabilities and study their dynamics, we need to examine empirically
the historical processes in which stakeholders interpret, anticipate, and negotiate
vulnerabilities and their solutions.
Our analysis has also made clear that in the discourse of politicians, public

safety managers and pro-Tetra engineers, the ideal of “one public safety Europe,”
united by large-scale, cross-border Tetra networks, played a crucial role. Moreover,
European standardization on Tetra would enhance collaboration between emer-
gency services, thus reducing Europe’s vulnerability to disasters and crime. Thus,
in the reasoning of these key actors, European technological integration and vul-
nerability reduction through standardization were two sides of the same coin.
However, our analysis of the realities of emergency collaboration using Tetra has
shown that this dream has not yet come true.
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technological equipment and cultural norms that, in some cases, are hard to overcome.
See Hommels 2005 for an analysis of the role of obduracy in the attempts to change
urban infrastructure. The second reason is the opposite: change, or the observation
that elements of heterogeneous communication infrastructure change over time and
at different speeds, that makes it hard to hold the ensemble together.
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This book has investigated the historical shaping of critical transnational infras-
tructure in Europe, its associated vulnerabilities, and its intertwinement with
broader processes of European integration and fragmentation. The chapters in the
three parts have scrutinized these issues from different thematic angles and in a
broad range of geographical and temporal settings. While each study has gener-
ated intriguing insights in its own right, the range of empirical cases has also set
the stage for comparative and connecting observations. This final chapter sets out
to harvest from our case studies by focusing on a number of such cross-cutting
issues.

Differing interpretations of vulnerability

Recent constructivist research on risk and vulnerability stresses the importance of
studying vulnerability not as a given, objective phenomenon that can be defined
precisely and unambiguously but as something that is constantly reinterpreted,
contested, and negotiated by stakeholders and analysts alike.1 Our findings con-
firm that such a view of vulnerability as socially constructed is indeed crucial when
seeking to grasp the making of transnational infrastructure vulnerabilities. Our
case studies are largely consistent with insights from cultural studies of risk, in
which the “ways in which individuals – including experts – interpret risks can be
seen as an expression of socially located beliefs and world views that to a large
extent stem from the individual’s situated position and experiences within social
hierarchies, institutions and groups.”2

As argued in several chapters of this book, however, this is not the whole story.
Rather, our results point to the importance of studying not only vulnerability but
also reliability as socially and culturally interpreted and negotiated. For example,
the “European blackout” of November 4, 2006, was interpreted by some as an illus-
tration of the extreme vulnerability of electric power networks leading to a disrup-
tion of economic life in Europe. This perception went hand in hand with calls for
more centralized governance and coordination of Europe’s electric power grid, not
least from the side of Europeanist politicians. To electricity sector spokespersons,
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however, the event instead suggested the high reliability of Europe’s electricity
supply: since the 1960s the sector had installed and continuously upgraded secu-
rity measures, which had made cross-border cascading failures extremely rare and
allowed fast reparation of the rare failures that did occur – in this case the sector
fully restored Europe’s power supply within just two hours. Overall the damage
of rare and rapidly repaired breakdowns was negligible compared with the daily
security gains of cross-border collaboration in the form of joint instant frequency
stabilization. Importantly, this high-reliability perception, too, had implications
for governance: since the sector’s vulnerability management system was based on
well-working decentralized response (each transmission operator repaired its own
transmission area, which it knew best), European Union (EU)-level governance
constituted a new threat rather than a solution to system stability.3

Next to such interpretations of a particular critical event, another discussion
that has persisted for a longer time concerns the argument that the main prob-
lem with Europe’s power grids is not its vulnerability but, on the contrary, its
excess reliability; that security investments far exceed the economic costs of inci-
dental breakdown. As emphasized in Chapter 8, the very early liberalization of
the Norwegian power sector was partly intended to counteract what was seen as a
huge overinvestment in excess capacity. The liberalization was indeed followed by
a sharp decrease in investments in the grid, without any corresponding increase
in the number of outages. This was interpreted by the proponents of liberalization
as a confirmation of the old regime’s excessive focus on reliability.4 An identical
discussion took place in the Netherlands a few years ago.5 These examples illus-
trate how perceptions of overly vulnerable and overly reliable infrastructure may
coexist in the field. It should inspire researchers to question the dominant dis-
course on vulnerability by simultaneously examining infrastructure vulnerability
and reliability.
Our book contains many examples of situations in which actors have been

forced to make choices between alternatives that imply very different kinds of
vulnerabilities and thus weigh certain risks against others. The Finns discussed
the pros and cons of Soviet nuclear technology, scaled up electricity imports, or
increased reliance on Soviet natural gas, Polish coal or Middle Eastern oil, before
concluding that Soviet nuclear technology was to be imported. But they made
this choice only after tough negotiations with the Soviet nuclear establishment,
in which Moscow had to give in to Finnish security demands.6 The Greeks simi-
larly faced a delicate choice between installing nuclear power on seismically active
ground, importing electricity from beyond the Iron Curtain, or accelerating the
exploitation of domestic, polluting lignite resources. In contrast with the Finns,
those who regarded the risk of nuclear accidents as too great had the final say.7

But each option was linked to a certain kind of vulnerability, and there was no
objective way of deciding which of these vulnerabilities was the most problem-
atic: nuclear accidents, pollution stemming from the burning of lignite, or import
dependencies.
Our book has shown that such vulnerability trade-offs informed several lines

of conflict between stakeholders. They have sometimes led to opposition between
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different social groups within a given country. For example, the 1995 earthquake
in Greece discussed in Chapter 5 was interpreted very differently by engineers and
journalists. According to the journalists, the earthquake showed the resilience of
Greece’s national electric power network to the devastating blackout that could
have resulted from the major earthquake. For the other group, the engineers, the
Greek network was resilient because of its transnational connections: “the Greek
national power network proved reliable because its vulnerability was shared with
the national power networks of some of Greece’s neighbors.” In this latter inter-
pretation, connected countries become more resilient because vulnerabilities were
shared in a transnational network.8

In other cases these trade-offs led to opposition between stakeholders on differ-
ent sides of a border. Previous studies of risk have noted the tendency of different
social groups to agree internally on certain perceptions of vulnerability and risk.9

Yet national borders might divide them. The Finnish case illustrated different
interpretations of vulnerability within the social group of engineers in Finland
and the Soviet Union. According to the Soviet engineers, risks were calculable:
“If calculations showed that no risk existed there was no need to build expensive
backup systems and redundancy.” The Finnish engineers also made calculations
but did not consider this sufficient when seeking to manage nuclear risks. The
two approaches clashed when transnational connections between Finland and the
Soviet Union were planned, and even more when discussing the design of nuclear
power plants.10

Such vulnerability trade-offs might set countries against international organiza-
tions. When Bulgaria negotiated its accession to the EU, the EU considered several
blocks at the Kozloduy nuclear power plant unsafe and made their decommission-
ing a condition for Bulgarian EU membership. The International Atomic Energy
Agency, however, found safety in these blocks comparable to older, Western
European nuclear units that were still in operation. But the EU kept up its demand
in the treaty negotiations, and the units were then actually shut down. Remark-
ably, when the 2009 Russian-Ukrainian gas crisis caused a disruption to Bulgaria’s
gas supply, the Bulgarian government suggested reopening the decommissioned
blocks to counter the unexpected energy shortage. In this case, nuclear power was
perceived as a potential savior rather than as a source of vulnerability. Behind these
conflicting perceptions, however, lay Bulgaria’s interests in retaining its position
as a major electricity exporter on the Balkans.11

Finally, such vulnerability trade-offs may change over time. The evolution of
vulnerability perceptions over time is a theme that has been much neglected in pre-
vious social studies of risk. Our explicit historical focus sheds light on this issue.
In particular, many of the chapters demonstrate that the perceived vulnerabilities
related to energy infrastructures have changed profoundly over time. For exam-
ple, Bulgaria’s vulnerability in the field of electricity was initially defined in terms
of shortage. Having overcome the basic shortage by constructing coal-fired power
plants, actors began to point out a new form of vulnerability: dependence on the
Soviet Union for adequate coal supplies. The Bulgarians then sought to reduce this
dependence by constructing a vast nuclear power plant. This led to a further shift
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in vulnerability perception, toward an emphasis on nuclear risks, and on the insta-
bility of the grid and the risk of major blackouts, which was handled by increasing
storage capacity in dams and building more transmission lines.12

Critical events

Often, changes in the perceptions of vulnerabilities and vulnerability trade-offs
have been triggered by what we call “critical events.” One well-known example is
the nuclear accident at Three Mile Island in April 1979, which suddenly changed
the general perception of the vulnerability of nuclear power, not only in the
United States but also in Western Europe. Nuclear risks, which had been abstract
and hypothetical, became much more tangible, and many countries changed
their nuclear policies in response. In the Balkans, two earthquakes had an even
stronger role in influencing the perceptions of nuclear vulnerability. In Bulgaria
a major earthquake occurred in 1977, which had its epicenter only 30 km from
the nuclear power plant in Kozloduy. Even though the plant was not damaged,
the government started a process to improve its safety. And in 1981 an earthquake
200 km from the site of a planned nuclear power plant led to the abandonment
of nuclear power as an option in Greece. Similarly, the vulnerability of airplanes
having reached their cruising altitudes was perceived as low before two actually
collided over the Grand Canyon in 1956. Although this accident happened in the
United States and not in Europe, it formed the point of departure for a discussion
in Western Europe about air-traffic security. This led the key actors to eventually
reinterpret air-traffic risks, paving the way for a new transnational infrastructure
for air-traffic control.13

Critical events have thus been crucial to how vulnerability perceptions have
changed over time, and this is why such events play a prominent role in this book.
Indeed, all chapters analyze critical events of different kinds. We have found the
analytical significance of critical events to be threefold: they are useful sites for
analyzing the nature of infrastructure vulnerabilities; they reveal how different
actors respond to crises; and they give rise to fierce discussions affecting infras-
tructure’s further evolution. Although the critical events studied here are very
diverse in terms of causes, geographical location, and impacts, they have in com-
mon that they generated new societal and political debate about how to cope with
infrastructure vulnerabilities.
One interesting finding from our analysis of critical events is that many of these

in fact did not affect users but “only” the systems. This underlines the impor-
tance of the distinction we made in Chapter 1 between “system vulnerability”
and “user vulnerability.” A telling example is the fire in the Eemshaven converter
station in April 2009, which led to a sudden interruption of the electricity flow
through the NorNed cable between Norway and the Netherlands, lasting for a
month. No electricity consumers in either country were directly affected by this
interruption because the power companies were able to avoid a blackout. How-
ever, the power companies and grid operators lost millions of euros during the
month and became aware of the vulnerability of the converter stations.14
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In the current policy debate it has been popular to distinguish between
“intended” and “unintended” causes of critical events between “internal and
external sources of failure”15 and between “internal and external threats.”16 Our
results, however, show that such distinctions can rarely be defined objectively.
Rather, the extent to which a critical event comes to be regarded as intended or
unintended (or internal or external) is the outcome of debates and negotiations –
and often no agreement is reached. The European blackout discussed above, for
example, has politically and popularly been interpreted as an unintended event.
As we have seen, however, the way in which certain regions were disconnected
from the grid and others were not followed predefined and detailed so-called emer-
gency load-shedding plans. From this perspective the course of the blackout can
be viewed as intentional. Similarly, the European gas crises of 2006 of 2009 can
be interpreted either as external events caused by political decisions taken in the
Kremlin power struggle with the government in Kiev, or as an internal event in
which the main problem was the failure of gas managers in Russia and Ukraine to
renegotiate the terms of export and transit contracts.
All in all, our book shows that the ways in which vulnerability perceptions have

changed over time, not least in response to major critical events, have reshaped
Europe’s transnational infrastructure in decisive ways. The struggle to make certain
vulnerability perceptions rather than others dominant can be seen as a struggle
to influence infrastructure’s future. In particular, as emphasized in much of the
policy literature, reducing vulnerability is often expensive, and actors therefore
often have an interest in de-emphasizing vulnerability for economic reasons. De
Bruijne and Van Eeten, for example, note that infrastructure nowadays, following
the liberalization and privatization of many critical infrastructures, operate “closer
to the edge” than before restructurings since actors have stronger incentives to
maximize their profits.17

As our book has shown, however, the trade-off between economy and vulnera-
bility did not start with liberalization and privatization. Transnational integration
has often been pursued for economic reasons despite anticipated increases in vul-
nerability. The first plans for Western European imports of natural gas from the
Soviet Union and Algeria, for example, were immediately contested due to antici-
pated implications for energy security. Western Europe could very well have man-
aged without natural gas from beyond the Iron Curtain and the Mediterranean,
but this possibility was silenced in the debate and had to give way to the view that
the risks involved were worth taking. The new vulnerabilities linked to gas imports
from far away were thus accepted for the sake of economic gain.18 All in all it is
obvious, judging from the studies in this book, that minimizing vulnerability is
not necessarily in every stakeholder’s interest.

Coping with vulnerability

Our book has revealed a variety of strategies to cope with transnational infras-
tructure vulnerabilities. Some of these have aimed at reducing the risk of failures
or interruptions, while others have aimed at limiting the consequences of such
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events. Obviously, the nature of vulnerabilities differs between, say, energy infras-
tructure and transport infrastructure, and some of the strategies discussed below,
are not relevant to all infrastructure.
In the case of energy infrastructure, the very creation of physical transnational

links itself has often been perceived as an effective way of reducing vulnerabil-
ity. We have seen, for example, how the European electricity grid emerged out
of power companies’ desire to reduce the risk of blackouts and electricity short-
ages. Power lines across borders made it possible to share reserve power plants and
storage capacity, and to help each other if needed.19 The forging of transnational
gas connections was in many cases also understood as a way to escape structural
energy shortages, which was widely interpreted as the most pressing vulnerability
in the field of energy in postwar Europe.20

Trying to establish reliable social relations with partners on “the other end” of
the connecting lines has also been an important strategy. Early electricity coop-
eration among power companies in neighboring countries was often based on
existing relations of trust, and in many cases the cooperation was surprisingly
informal, based on gentlemen’s agreements. In the case of gas imports, both par-
ties often had to make huge investments before an exchange could commence,
and here long-term contracts became an important instrument for creating reli-
able relations. More generally, reliable relations can be established by developing
transnational governance of infrastructures, and this will be discussed in the next
section.
However, power or gas links to neighboring countries inevitably created

(inter)dependencies, and to cope with these one common strategy has been to
diversify by building links to several countries. Greece, for example, built power
lines to its three neighbors in the north: Albania, Yugoslavia, and Bulgaria. All
three were ideological adversaries of Greece, but as they were also adversaries
among themselves, the Greek power company felt safe that they would not simul-
taneously stop cooperating with it.21 In the case of natural gas, the Western
European countries that started importing gas from the Soviet Union tried to
balance these imports by signing contracts for gas from other regions as well.22

Other chapters, however, show how refusing connections could also function as
a strategy for reducing vulnerability. In 2006, for example, the Finnish authorities
refused Russia’s offer for a submarine cable from Russia to the coast of Finland.
The Finnish authorities reckoned that this connection would make the national
Finnish grid vulnerable to capacity overloads. It would also make the country
overly dependent on the Russian energy system. This fear of dependence on Russia
was deeply rooted in the history of Finnish-Russian relations. The two countries
had had a very strained collaboration in the past and although the Soviet Union
had been dissolved long before the new discussions about a submarine cable
began, the memory of this traumatic past refused to go away.23 In the case of nat-
ural gas, in the 1980s the US administration tried to convince Western European
governments not to expand their imports of Soviet natural gas, albeit in vain.24

An additional strategy for coping with foreign energy dependencies has been
to create back-up capacities of different kinds in case a major disruption should
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occur. In electricity systems, such capacities took the form of reserve power plants
or sometimes pumped storage facilities.25 In gas supply, underground gas-storage
facilities or idle domestic gas fields played similar roles. Moreover, in the case of
natural gas, importing countries could also create “virtual” backup capacity by
agreeing to help each other if interruptions occurred.26 A related kind of strategy
has been to increase substitutability by making it easy to switch from imported
to domestic fuels in power plants, for instance. In the early 1970s, for example,
Bulgaria built big power plants that could use both anthracite from Ukraine and
domestic lignite as fuel, thereby reducing its dependency on Soviet coal imports.27

The above strategies were primarily applicable to energy infrastructures, but we
have also discovered strategies of a more general relevance. One such strategy was
to standardize technology or procedures across national boundaries so as to facili-
tate connections and exchanges. Standardization in emergency communication
served as a way to improve cooperation among policemen and fire brigades in
Europe, which was seen as crucial for coping with major critical events. However,
several standards competed and an all-encompassing, pan-European standard was
not achieved.28 In aviation there was a long tradition of standardization of both
technology and procedures going back to the emergence of civil aviation after
the First World War. But the establishment of EUROCONTROL called for a more
far-reaching standardization. There was a parallel in the case of electricity, where
there was also a very long tradition of technical standardization, and where the
increasing importance of information and communication technologies in recent
decades has called for new kinds of standardization.29

When standardization has not been possible to achieve, historical agents often
used gateway technologies to counter vulnerability. Such technologies make it pos-
sible to connect systems that would otherwise not be compatible. In the case of
electricity, for example, high-voltage direct current (HVDC) links emerged as a
transnational gateway technology of some importance, and made it possible to
connect networks that did not operate synchronously. The main motive for con-
structing HVDC links was rarely to reduce vulnerability, but it was an important
side-effect. Hence the Nordic countries, which were connected to the Union for
Co-ordination of Production and Transmission of Electricity (UCPTE) only by way
of HVDC cables, proved less vulnerable to disturbances on the Continent than
other regions.30 In the case of natural gas, a problem was that Dutch and north
German natural gas had a lower calorific value than Soviet and Algerian gas, which
meant that they were not interchangeable. Initially it was considered necessary to
build gas-merging plants as a gateway technology to transform Soviet gas to the
Dutch calorific level by adding nitrogen. This would have made it possible for
Dutch gas to come to the rescue in case of supply disruptions from the East. How-
ever, building such plants would have been expensive, and when high calorific
gas was discovered in the North Sea, this was seen as sufficient backup so that the
plans for gas-merging plants were abandoned.31

An important strategy for coping with the risk of a breakdown of computers
or communication links has been to prepare for fallback to manual operation. For
example, EUROCONTROL made careful preparations so that it could continue to
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guide airplanes if its computers failed.32 In electricity systems, similar preparations
have been made, not least to ensure that nuclear power plants can be controlled
if computers fail. However, the fast development towards “smart grids” is likely
to make it increasingly difficult to cope with major failures of ICT technologies
supporting critical infrastructure.

Transnational governance

An important contribution of our book lies in its analysis of European integra-
tion from a critical infrastructure perspective. Many of the chapters demonstrate
that the creation of transnational infrastructure has been a complicated pro-
cess, involving much more than just building physical links connecting national
systems. There has also been a need to develop new forms of transnational gov-
ernance to coordinate flows across borders, and to cope with vulnerabilities.
The organizations and actors involved in these processes were often not very
well known to the general public and have not been dealt with in traditional
scholarship on the political and economic integration of Europe. Our book thus
contributes to the understanding of the “hidden integration” of Europe, to use a
concept introduced by Schot and Misa.33

The forms of transnational governance have varied over time, between different
kinds of infrastructure and between different parts of Europe. Chapters 2 and 3
made it possible to compare the emergence of transnational governance for elec-
tricity and natural gas in Europe. Although both systems became transcontinental
in extent and came to play key roles in Europe’s energy supply, there were strik-
ing differences between the two in terms of transnational governance. In the
case of electricity, major power companies in neighboring and “friendly” coun-
tries established organizations like the UCPTE (1951) and Nordel (1964). These
rather informal bodies became important arenas for developing guidelines, stan-
dards, and plans for building grids across borders, and for establishing conditions
for electricity exchange. In Eastern Europe a somewhat more hierarchical form
of organization was established in the early 1960s, in which the Moscow control
center was responsible for frequency regulation and power exchanges. The rather
informal character of governance, particularly in the West, is partly explained by
the fact that the interdependencies were not as strong as in the case of gas. Each
country had its own power plants and could be self-sufficient if needed. Electricity
exchange across borders was intended to increase the efficiency and reliability of
supply.
In the case of gas, by contrast, transnational governance was mainly bilateral

and strongly decentralized, with hardly any international organizations of any
significance, apart from a few branch organizations that functioned as arenas for
community formation and knowledge exchange. On the other hand, the state was
often more strongly involved in shaping the European natural gas regime than
in shaping transnational electricity. Long-term contracts between exporting and
importing companies, with strong direct or indirect state involvement, enabled
the establishment of transnational connections. These agreements were difficult
to reach and often took a long time to negotiate because of the huge diversity of
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interests of the actors involved. At the outset it almost appeared impossible that
a highly integrated system of pipelines would actually be built across so many
countries, as the countries involved often had strong ideological divergences or
had been at war not long ago. The importance of long-term contracts in the
transnational gas governance can largely be explained by the huge investments
that were needed in both exporting and importing countries, and the huge uni-
directional flows of gas. This created strong interdependencies that were strictly
regulated in the contracts.
In the case of aviation, a transnational governance regime was established

after the First World War based on the Paris Convention of 1919. The colli-
sion of two airplanes over the Grand Canyon in 1956 led to an ambition to
expand transnational cooperation to encompass coordinated flight control for
the ever denser air traffic above Western Europe. The combination of suprana-
tional governance and improved air-traffic monitoring technology – with the
aspiring name EUROCONTROL – was seen as the best way to reduce this grow-
ing vulnerability in air transportation. However, EUROCONTROL’s role as a
European integration project soon lost momentum as a consequence of its inabil-
ity to extend its operations of air traffic control beyond Belgium, Luxembourg,
and the Federal Republic of Germany by 1976. Its member countries were
not willing to give up control of their national airspace. This prompted the
reconceptualization of EUROCONTROL’s objective from being supranational to
becoming international, codified in the second EUROCONTROL convention
of 1981.34

A similar failure to achieve functioning transnational governance was seen in
the case of emergency communication. Again, some of the core members of
the EU failed to agree on the development of a single common European stan-
dard for emergency communication, and instead two competing standards (Tetra
and Tetrapol) were allowed on the European market. Each was backed by strong
industrial interests, and in the 1990s, neoliberal policies of stimulating market
competition took priority over EU policies to improve public safety with a sin-
gle standard for all. As a result, a very scattered and heterogeneous pattern of
communication networks emerged.35

In the current policy debate, the EU and its predecessors are often intuitively
viewed as the most important organizations contributing to the emergence and
governance of Europe’s transnational infrastructure.36 The omnipresence of the EU
and its institutions in media and the public debate tends to obscure the key roles
played by more specialized organizations working behind the scenes in various
transnational contexts, such as the UCPTE and EUROCONTROL. The role of these
organizations tends to attract attention only in the case of major critical events,
such as the 2006 European blackout or the collapse of air traffic in Europe follow-
ing the volcanic eruption in Iceland in 2010. Historically it can be seen that this
is the type of organization that has been crucial for the shaping of transnational
critical infrastructure in Europe. However, they often tried to avoid media atten-
tion to their endeavors as this might induce political debates that could cause
obstacles. This media aversion contributed even further to the “hidden” character
of the infrastructural integration of Europe.
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A porous Iron Curtain

Our book provides additional insight into the hidden integration of Europe by
focusing on the “Iron Curtain”. Many of the chapters in this book demonstrate
that this was often neither very solid nor effective when seen through the lens of
transnational critical infrastructure. From the late 1960s the Iron Curtain became
increasingly “porous” for energy flows, particularly for natural gas. It was less
porous in the case of electricity. NATO actively sought to and managed to pre-
vent any far-reaching integration in electricity between East and West. There was
thus hardly any perceived vulnerability in Western Europe to communist “polit-
ical manipulation” of East–West electricity links; the lines were too insignificant
for that, and in case of disagreement the connections could easily be disconnected
without any far-reaching consequences. This was definitely not the case for natu-
ral gas supplies from the East, where NATO tried but never succeeded in exerting
any notable influence on transnational system-building. Put differently, military
policy objections in the case of natural gas had a much smaller impact on the
transnational network geography than geological and economic aspects.
The chapters in Part II of the book analyze various ways in which small countries

on both sides of the Iron Curtain maneuvered their energy connections during
the Cold War. Greece belonged to the Western camp after a civil war in the late
1940s. In the 1960s and 1970s it created power links with its Cold War enemies
Albania, Bulgaria, and non-aligned Yugoslavia, but not with its NATO allies, Italy
and Greece. The power cooperation with the three socialist neighbors worked very
smoothly, even during the years of a reactionary military dictatorship in Greece.
This pragmatic and non-ideological cooperation in the field of electricity contin-
ued after the Cold War and became particularly salient after the earthquake in
1995, when a number of Greek power plants ceased functioning. In this critical sit-
uation the power company in Macedonia (or the Former Yugoslavian Republic of
Macedonia, as it is called in Greece) came to the assistance of its Greek colleagues
with substantial power supplies, despite the tense political relations between the
two countries.37

Bulgaria, located on the other side of the Iron Curtain, developed very close
connections with the Soviet Union, and to a lesser degree with other Council for
Mutual Economic Assistance (COMECON) countries, during the 1950s and 1960s,
in terms of both material flows of electricity and coal and a massive transfer of
competence in the fields of nuclear-power and coal-power technologies. However,
from the 1970s onwards, Bulgaria was able to become gradually more independent
from the Soviet Union in terms of technological skills, and it developed suitable
technologies to produce power from its domestic lignite sources. This not only
decreased its dependence on energy imports from the Soviet Union but also made
it possible to export electricity from the lignite-fired power plants in the southern
part of the country. Therefore Bulgaria built power lines to its Cold War enemies
Turkey and Greece as well as to non-aligned Yugoslavia in the mid-1970s. This
power cooperation has gradually developed and made Bulgaria into the power
hub of the Balkans.38
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Finland did not belong to the socialist camp but had an “uneasy alliance”
with the Soviet Union during the Cold War, not least in the field of energy. The
Kremlin often exerted strong political pressure to make Finland build cross-border
infrastructure or accept Soviet technologies, while Finnish actors did their utmost
to increase energy self-sufficiency. This tug-of-war became particularly apparent
when the Finnish state-owned power company decided to build two nuclear
power plants and invited international tenders. For political reasons the company
was forced to accept a bid from the Soviet Union, but after hard negotiations it
managed to achieve a deal entailing that the two reactors would be fundamen-
tally redesigned and provided with a protective shield. The forced collaboration
between energy actors in the two countries prevented the development of rela-
tions of trust, and this became manifest after the fall of the Soviet Union, when
Finland was no longer politically dependent. In 1995, for example, the Finnish
government rejected a Russian power company’s offer to build a submarine cable
across the Gulf of Finland.39

The geography of Europe’s vulnerability

In Chapter 1 we coined the term “vulnerability geography” to emphasize that
different spatial configurations of vulnerability can be discerned in relation to
Europe’s transnational infrastructure. Indeed, our case studies have brought to
attention the strikingly unequal spatial distribution of vulnerability. This can be
seen in relation to Ulrich Beck’s theory of the “risk society.” Beck argued that
politics in the developed world has now reached a stage where the main issue is
not so much the distribution of wealth but rather the distribution of risk.40 Echo-
ing this argument, much of the infrastructure studied in this book has become so
omnipresent that there is nowadays hardly any place in Europe that does not have
access to electricity, natural gas, air traffic, emergency services, and the like. There
is thus a reasonable equality in terms of access to networks. The same cannot be
said when it comes to distribution of vulnerabilities.
In general, our research results hint at a much larger number of critical events in

Eastern Europe than in Western Europe. In the West the impressive performance
of large-scale infrastructure, such as electricity networks and air-traffic systems,
which are so complex that they “should have failed” to a much greater extent than
they actually do, prompted scholars of risk to define the responsible organizations
as “high-reliability organizations.”41 The geographic reach of such organizations
and systems is limited, however, as demonstrated by our book. It is not true, as
suggested by Fritzon et al., that “actual experience in Europe shows that mod-
ern systems are extremely reliable, especially if historical performance is used as
a measure.”42 This claim possibly holds for Western Europe. To the east of the
Iron Curtain, high-reliability organizations hardly existed. Economies and soci-
eties were troubled by a more or less constant stream of blackouts, gas disruptions,
air-traffic accidents, and computer failures. As in the West, some of these events
may be said to have been planned, as in the case of electricity consumers being
shut off in accordance with a predefined plan. But many events were not planned,
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and the responsible organizations completely lost control over the systems that
they were set to manage. Due to the high frequency of failures, no one was sur-
prised if an international phone call was suddenly interrupted, if the lights went
out, or if there was suddenly no gas for cooking at home. Users had become accus-
tomed to breakdowns. In short, Eastern Europe lived in a completely different
vulnerability world.
Western European actors were rarely aware of the radical differences between

East and West in terms of vulnerability. Had they known, for example, that the
Soviet natural gas system and the attempts to expand it were in such a mess, they
would hardly have been as willing to engage in far-reaching cooperation as they
actually were. Lack of knowledge thus stimulated the expansion of transnational
infrastructure across the Iron Curtain. When Western actors did get a detailed
insight into the true functioning of the Soviet infrastructure they were shocked.
In the case of natural gas there was a direct connection between the

vulnerabilities in the East and the West. While the Soviet Union did its utmost
to live up to its contractual obligations vis-à-vis importers in Western Europe,
the main victims of Soviet failures to produce sufficient quantities of gas were
households and industries in the Soviet Union itself. Thus, while gas customers
in Western Europe enjoyed steady supplies, millions of households in the Soviet
Union experienced painful gas shortages, not least in wintertime.43 On a much
smaller scale there was a similar dependency across the Iron Curtain between
Bulgaria and Turkey. In the early 1980s a Turkish region bordering with Bulgaria
was supplied by the Bulgarian lignite power plants, which had excess capacity.
However, the Bulgarian authorities adopted a very different approach to their for-
eign customers; when a domestic crisis of electricity supply occurred in Bulgaria
in 1985, the exports across the border were cut, putting the Turkish customers in
a precarious situation. As a result, Turkey decided to build new power stations to
reduce its dependence on Bulgarian electricity deliveries.44

Vulnerability geographies, as analyzed in several chapters, were typically found
to be the result of historical patterns of transnational system-building. In the 2006
“European blackout”, for example, the origin of the failure in northern Germany
caused lights to go out as far away as in Italy, Spain, and Portugal – and even in
Morocco, Algeria, and Tunisia – but not in neighboring Denmark and Sweden. The
division line between areas that were affected and those that were not coincided
with the historical division between UCPTE and Nordel established in the late
1950s. Central and Eastern Europe, despite operating in parallel with the Western
European grid, were also less affected by the blackout than regions located to the
west of the former Iron Curtain. The political divide in Cold War Europe thus
became visible again in connection with the blackout, despite the demise of the
Iron Curtain nearly two decades earlier. In the case of the 2006 and 2009 European
gas crises, the former Iron Curtain also seemed to reappear, as the former commu-
nist countries to the east of it were most severely affected by the disruption of gas
deliveries from Russia.
It is important to note, though, that vulnerability geographies of Europe often

did not correspond to the political borders of nation-states, nor to established
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political or military “blocs.” An important result of our empirical studies is that
some Western European countries have seen the reliability of their infrastructure
increase thanks to well-developed physical connections with regions beyond the
Iron Curtain. Moreover, actors on opposite sides of the Iron Curtain were often
prepared to share vulnerabilities with one another. This is an intriguing result,
especially when seen in relation to the overall Cold War tensions. It contradicts
the view taken by Linnerooth-Bayer, who argues that

if the countries involved have a history of conflict, cultural differences, or ongo-
ing tensions, even minor potential “exports” of risk may generate widespread
media coverage, societal attention, public concern and protests. The public may
be especially averse to even minor risks emanating from a country they regard
as hostile or untrustworthy, especially if the public views the risk producers as
receiving large benefits.45

The closest we come to such a situation in our book is in the case of Finnish-
Soviet energy relations. But in most cases we have seen the opposite. A particularly
striking case was in connection with the 1995 earthquake in northern Greece,
when neighboring Macedonia did not hesitate to help the Greeks.

Ironies of vulnerability

In Chapter 1 we discussed a number of ironies and paradoxes in relation to
Europe’s transnational infrastructure vulnerabilities. Let us conclude this book
by emphasizing three ironies that have been demonstrated in several of our case
studies.
One conclusion arrived at in several of our case studies is that transnational

infrastructure, as it evolves over time, tends to become increasingly reliable but
at the same time increasingly vulnerable. In the early career of a transnational
network, failures, and breakdowns of various kinds may be frequent but (user)
vulnerability may still be perceived as low, since the system is not yet firmly
integrated with other user activities. Moreover, users often keep older technolo-
gies as a backup in case of breakdowns – for example, a wood stove that can
replace an electric stove if needed. Once everyday activities become more deeply
integrated with and dependent on the infrastructure in question, however, user
tolerance is reduced and the perceived vulnerability increases – despite technical
advancements and improvements. Thus in the twenty-first century users are often
deeply disturbed by any blackout, gas disruption, airplane delay, or the like, no
matter how brief the event. The general expectation is that infrastructure should
always be available and functional, and any deviation from this availability and
functionality tends to give rise to dismay.
The second irony that emerged in many of our chapters is that efforts to

reduce infrastructure vulnerabilities, whether or not successful, often generate
new vulnerabilities. For example, the introduction of emergency communication
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standards in the 1990s was intended to facilitate cross-border emergency collabo-
ration and thereby make Europe safer in case of major accidents. However, it also
generated new vulnerabilities by increasing our dependence on the suppliers of
these technologies and their willingness to improve and carefully maintain the
system. There are also many examples of this irony in relation to efforts to reduce
vulnerabilities in electricity supply. Establishing power connections to neighbor-
ing countries for assistance in case of electricity shortage created a new risk of
major blackouts cascading across borders. And the introduction of information
and communication technologies for better surveillance of power grids led to
greater complexity and the new risk that the information technologies themselves
will break down.
A final irony is that infrastructure managers and regulators base their strategies

for coping with infrastructure vulnerabilities on experiences of past critical events,
but they are often totally perplexed when new, unforeseen events occur. This was
illustrated in many of our historical cases, and it has also been demonstrated in a
number of more recent events. For example, in April 2010 a cloud of volcanic ash
originating in Iceland spread over Europe, paralyzing transnational air traffic for a
period of several weeks, with disastrous consequences for many airlines as well as
for travelers. Similarly, in March 2011 a devastating tsunami hit Japan and totally
destroyed the huge Fukushima nuclear power plant. The most challenging task
for those in charge of transnational European infrastructure might thus be to cope
with unknown and unforeseen vulnerabilities. It remains to be seen how Europeans
will respond to this challenge. International organizations such as the EU and the
various sector organizations featuring in this book are sure to advance intensified
cooperation between actors in different countries as one way to go ahead. But
as we have seen, international cooperation does not provide any simple solution.
Judging from our findings, it may even bring about new vulnerabilities. If history is
to be taken as a guide, we will have to learn to live with such a constantly evolving
vulnerability landscape, and, although we may wish to, we are unlikely to ever
arrive at any final destination on this historical journey. What we can say with
some certainty, though, is that the future calls for humility and an open mind.
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