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PREFACE

In 2014, The Owls Foundation published the first edition of Breakthrough:
From Innovation to Impact, exploring the subject of innovation in many dif-
ferent areas, from diplomacy and international relations to science, technol-
ogy, energy and healthcare.

This is the second edition, revised and updated. It is the start of a continu-
ing series on innovation which the Foundation will publish in the years ahead.
All will be based on the same template and will use the same methodology for
qualitative analysis of each chapter.

BREAKTHROUGH: FROM INNOVATION TO IMPACT ix
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INTRODUCTION BY HENK VAN DEN BREEMEN

BREAKTHROUGH: FROM INNOVATION
TO IMPACT. WHAT, WHY & HOW?

WHAT

This book is the first volume in a series on innovations and breakthroughs.
We have researched a number of them across an exceptionally wide range of
areas in order to understand the mechanisms that underpin them and the way
in which they succeeded or failed in making an impact. We have done this
with an international network of leaders, entrepreneurs and scholars, and we
have studied the worlds of business, diplomacy, geo-politics, philanthrophy,
economics, media, agriculture, logistics, technology and healthcare.

An innovation is something new—an idea, method or product—while a
breakthrough reflects the extent to which an innovation shapes new develop-
ments and makes an impact. But the extent to which an innovation becomes
a success or failure depends heavily on the process attached to it and the en-
vironment and culture in which it operates. In the international context this
means it is essential to create environments where innovation is welcomed,
rather than seen as a threat by governments and institutions. If you wish to
make such an environment durable it is not merely a technical problem but a
human story and a matter of values.

The society we live in today is the result of many innovations in the past,
such as the internet. We will continue to need new breakthroughs and inno-
vations more than ever in order to achieve a sustainable world, which is why
innovations and breakthroughs should be part of a continual discussion for
improvement. They should be on the agenda of schools, institutions, business,
politicians and governments.

WHY

One of the aims of this book is to encourage such a discussion. To that end,
we have engaged current and former leaders and innovators who were actu-
ally involved in breakthrough and innovation processes. They have valuable
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lessons from their experiences that we look to pass on to others. They were
generous with their time and thought hard to reflect on their experiences in
terms of the generic factors that we identified and which we define below.

The aim of our project is broad. It takes into account the fact that we live
in a world of interaction and great interdependency where no country can
operate and succeed on its own. Indeed, no innovation will come about on
its own either. Crossover activities between different disciplines are rapidly
increasing, for example in healthcare and logistics, sectors which are both
seeking to overcome similar challenges of delivery and efficiency.

The form was semi-structured and left total freedom in composition and
tone of voice, thus enhancing accessibility and authenticity. But we were also
aware that this would make the assessments in the qualitative analysis (at the
end of the book) more challenging.

HOW

If you want to change your environment and develop a space that stimulates
innovation, then you need to understand the underlying structure of an inno-
vation and breakthrough process. Assuming that breakthroughs and innova-
tions are always related to processes, we chose to describe and examine each
innovation or breakthrough process stage by stage to success or failure. We
assumed that these process stages were generic and parallel to the stages of a
normal implementation process. So we called them generic factors.
We identified the following stages:

The creative phase:

e Innovation and breakthrough.
e Idea and vision.

The operational phase:

Concept

Mission and strategy.
Planning and execution.
Iterative process.

We added three more enabling factors in the course of our research:
e Human factors.

Environmental considerations.

The window of opportunity.

The results of the research are fascinating. The generic factors are com-
mon, recognisable, instrumental, applicable and present in each breakthrough
or innovation within the contexts of business and institutions, from small to
large in size, right up to governments operating on an international scale.

If we dig deeper to study and understand these factors, we are in a better
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position to transfer knowledge and experience and to develop cooperation and
crossover activities to make innovations internationally successful.

Our different case studies, whether big or small, provide a rich bank of
data to contribute to the goals of this project and to stimulate an ongoing
discussion on innovations and breakthroughs, so that they enter the culture
of governments, companies, universities and schools—institutions that can
translate these values and principles into reality.

The generic factors not only play a role as an analytical tool but can also be
used as ‘steering buttons’ in the storage and transfer of experience. They point
to the great value of being able to work together in a multi-disciplinary way
and internationally, and show us how to create an environment that stimu-
lates innovation and from which the future will benefit.

This success is not a given, because even though many institutions value
innovation they do not necessarily prioritise the development of a strategy
to build innovation into their internal processes. A 2013 study by Accenture
offered a revealing picture. In a survey of 519 executives in British, French
and American firms with annual revenues of more than $100 million, 93 per
cent admitted that the long-term success of their business depends on in-
novation, yet only 18 per cent of them had prioritised the development of a
strategy for innovation.* Every company should develop a strategy for the
development, acquisition and implementation of innovation. For innovation
and breakthrough have to do with mindset and, connected to that, impact.

We selected different types of innovations and breakthroughs. Some are
driven from within the organisation itself. Mayo Clinic is a good example. As
one of the most advanced healthcare institutions in the world, it has devel-
oped a vision and long-term plan that includes managing internal innovation
processes.

In the case of the Arctic it is quite literally the environment that is forcing
businesses, countries, indigenous peoples and international organisations to
innovate. In the energy sector, innovations are driven by scarcity of resources.
In logistics they are driven by global demand and the pursuit of efficiency and
cost reduction. In agriculture, breakthroughs are driven by scientific discovery
and by individuals and institutions devoted to promoting a scientific concept
as national and international policy.

It is fascinating to see how generic and enabling factors can work towards
success or failure. For example, German unification was enabled by geopoliti-
cal and social change (the environmental factor), but achieved by leadership
(the human factor) which seized the opportunity (the window of opportu-
nity). The establishment of Al Jazeera is a good example of the importance of
the window of opportunity and leadership. Both cases were notable for very
smooth execution (operational factor). But the Oslo Accords case is an exam-
ple where it was difficult to transfer the concept into achievable sub-targets.

Each chapter holds valuable lessons for individuals, companies, institu-
tions and governmental entities. This knowledge can be beneficial for multi-
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disciplinary and crossover activities which are of great importance in today’s
globalised world. It is very helpful if you are able to see and understand the
mechanisms involved in the different activities we describe. For example,
health and logistics are both adapting to consumer-driven markets (concept,
planning and execution). The environment may be very important for the suc-
cess or failure of a process. Different countries have different cultures. Society
and governments can be decisive stumbling blocks, and understanding their
role requires attention beforehand.

If the environment is not ready, you can work on creating a better one by
promoting awareness of opportunities. The Responsibility to Protect case is
a good example of a vision and concept making a diplomatic breakthrough in
the United Nations, after the environment had been steadily prepared for it
over a period of several years with discussions, papers and advocacy. In other
cases—whether in business, healthcare or diplomacy—if you wish to bring a
diverse set of stakeholders together, then you will need to show leadership
(the human factor) and to ‘press the button’ of vision, because only a clear vi-
sion with a shared goal by leaders can translate into institutional partnerships
between diverse stakeholders.

Very often an implementation gets stuck in the concept stage. If there is no
proper transformation of ‘the thinking’ to ‘the doing’, the result is that there
is no proper executive follow-up. The same applies in a situation where there
are plenty of new ideas but no proper capacity to execute.

QUALITATIVE ANALYSIS

We did qualitative overall research on all the chapters. In our qualitative
analysis, we examined each case study, focusing on the presence and role of
generic factors. We also carried out an overall analysis of the data. The results
of this qualitative research were examined by an assessment group using the
results of a software analyses. Together they provide very useful information
on trends, context and mechanisms of innovations and breakthroughs. It is
not intended that they present the absolute truth; they are meant to help ob-
tain insights and confirm the existence and role of generic factors which are
of crucial importance for analysing and steering innovation and breakthrough
processes.

We elaborate extensively on the research method and results of the quali-
tative analysis in the Annex. The results are graphed for each case. These
graphics will also be linked to our website, to begin the wide-ranging discus-
sions that we hope will follow.

* Wouter Koetzier and Adi Alon, Why ‘Low Risk’ Innovation is Costly: Overcoming the Perils of
Renovation and Invention (Accenture, 2013).
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CHAPTER1

THE CREATION
AND IMPACT
OF THE CYBER
DOMAIN

The introduction of digital information and communication
technologies (ICT) to the public led to the biggest societal
and economic transformation in recent history. These
breakthroughs in the cyber domain, mobile space and
social media have made a massive impact on society,
stability, security and governance. In response to the
impact of these technologies and media in these four areas,
democratic and authoritarian governments have taken
very different approaches to the cyber domain domestically
and internationally. In this chapter we consider two
breakthroughs and their aftermath: the technological
breakthrough, the impact of technological change on
society, and the responses in governance. At the
international level, this has also developed into competition
between democratic and non-democratic states about the
future of the internet. This is not a technical disagreement
but a fundamental dispute about the core values, structure
and governance of the state.

THE KEY FACTORS IN THIS CASE STUDY ARE INNOVATION,
VISION, LEADERSHIP AND ENVIRONMENT, TAKING ADVANTAGE
OF A WINDOW OF OPPORTUNITY.

QUALITATIVE ANALYSIS: PAGE 373

NIGEL INKSTER AND BENJAMIN BILSKI
WITH ACKNOWLEDGEMENTS TO LORD PETER INGE



INTRODUCTION: TWO BREAKTHROUGHS

The groundwork for the original technological breakthrough that would lead
to the internet was laid in the 1970s. The Advanced Research Projects Agency
Network (Arpanet) created the first packet-switching data transfer system, a
digital advance over the circuit-switching systems of the traditional telephone
and telegraph. It was created and developed in the 1970s and ’80s as a trusted
network between engineers among several American national research labo-
ratories. The key political development took place in 1991, when Senator Al
Gore Jr succeeded in advancing a bill to privatise Arpanet through the High
Performance Computing Act. President George H. W. Bush signed the Act into
law and described a vision for the future:

The development of high-performance computing and communica-
tions technology offers the potential to transform radically the way in
which all Americans will work, learn, and communicate in the future.
It holds the promise of changing society as much as the other great
inventions of the 20th century, including the telephone, air travel,
and radio and TV. (...) It is no surprise that America holds the lead in
high-performance information technology. Our greatest technological
strides have been made possible by the unique qualities of American
society: Freedom, innovation, entrepreneurial spirit, a combination
found nowhere else in the world. And this program will sustain and
extend that leadership position.*

The first Clinton administration continued the work of the ‘Gore Bill’ with
a number of initiatives including funding the research and development that
led to Mosaic, the first World Wide Web browser. Another key development
was the deregulation of the US telecommunications sector. However much
idealism was expressed in the visions of President Bush and Al Gore in the
early 1990s, no one could have foreseen the scale and speed with which the
internet would unleash a social and economic transformation in the environ-
ment of the free market. The decisive factor that enabled the technological
breakthrough was the government’s decision to make packet-switched com-
munication technology available to the private sector. Private investment,
innovation, idealism and business strategy underpinned the unprecedented
market success of the ‘dotcom boom’.

The economic success could not have occurred if the technology had been
kept under the control of the state. And those states in which the economic
benefit was maximised tend to be democratic: states where political power,
economic resources and means of communication are shared between multi-
ple stakeholders. This is a fundamental difference in structure and values with
those states where all power and resources are concentrated among a small
set of elites who are also accustomed to controlling means of communica-
tion. As we shall see, in current disputes about internet governance between
authoritarian and democratic states, there is a great risk that the democratic
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world that produced the technological, social and economic breakthroughs
may cede the leadership position that President Bush had prophesied in 1991.

Today, more than two decades after the rise of the internet, mobile commu-
nications and social media, we live in a world where more and more daily func-
tions are ceded to the cyber domain. We have entered an era of Big Data, where
we have entrusted a large part of personal and financial information to corpo-
rations based in the United States, which the American government is able to
access. This has profound implications for privacy, public trust and concepts of
security. The Snowden affair has stirred up a public debate and awoken Con-
gressional scrutiny into the cyber activities of American intelligence agencies.
At least the US has this kind of parliamentary oversight. Authoritarian states
tend to have very little, and not all supposedly democratic states have anything
like the safeguards the US has in place. France is a country with a very wide
range of cyber activities, but remains the only Western democracy where there
is no parliamentary oversight over the intelligence services. From its military
origins to the free market, the cyber domain has undergone a remilitarisation
and is now a strategic space where power is exercised.

Some questions that are being asked today, to which there are no satisfac-
tory answers, are: What are governments doing in the cyber domain? How can
we distinguish realities and perceptions? How can Western political leader-
ship be adequately informed to set a sensible strategic course?

We will consider, in turn, the impact of technological breakthrough on so-
ciety, stability, security and governance. In cases where technological change
leads to social disruption and structural change, what governance structures
are needed and what new technologies should they adopt?

IMPACT ON SOCIETY

After the technological breakthrough was developed in the public domain, the
real breakthrough was driven in the environment of the free market. Exceed-
ing all expectations, the increased speed and efficiency in communications
and commerce enabled ICT, the internet and social media to make a very deep
economic and social impact.

A part of the vision is the view that technology alone is not ‘something’, but
rather an element that is linked to a particular process. What technology is, in
other words, depends on what it can become in the process that it is linked to.
These can be electoral, policy or business processes. In each of these areas, the
impact of technology in the increase of connectivity and accessibility has led to
greater efficiency and value. The link between technology and process creates
new concepts, and the impact can be measured as a function of this linkage. The
crucial question then becomes which technology is being linked to which process
and how. In new concepts, technology also changes the substance of process.

Marshall MacLuhan’s two ideas of the ‘medium is the message’ and the
‘global village’ — concepts formulated to describe the present and future of
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mass communications in radio and television — have proven very useful when
applied to understanding the internet and social media. Technological change
with the rise of print and the Gutenberg Bible is the traditional example where
a new means of transmission represented a fundamental challenge to tradi-
tional authority, and disrupted an established social order in a manner that
could not have been predicted.

These two elements — the linkage of technology to process and the change
that technology brings to substance — help us to understand the impact of the
technological breakthrough on society. Here we consider social interactions,
electoral processes, business processes and policy processes.

In social interactions, new media have both the potential to deepen and
strengthen existing offline social bonds, but also to lead to atomisation and
shallow interactions.? There was no fundamental social transformation as
a result of technology. It did not change the bonds of family, community,
workplace or the university campus, but it may help deepen and widen these,
depending on the user. One novelty that did not exist before is that virtual
communities of common interest can be formed in real time and at minimal
cost. And some of these new virtual communities in turn can have a significant
electoral and political impact.

The organic development of the internet has led to the creation of self-se-
lecting virtual communities, which may be extensions of traditional communi-
ties, or completely new social groups. New communities that previously could
not have been created engage in new sorts of activities online. The broad-
casting connecting effect is also an isolating effect when people coalesce in
self-selecting, self-isolating communities and reinforce existing perceptions,
rather than exposing views to challenge. This phenomenon has been called
narrowcasting. This emergence of new social groups, with similar ideas, ex-
periences and perceptions, can also organise online into political movements,
leading to success in electoral processes and to political power.

An essential element of the message of Barack Obama’s 2008 campaign
was that it was about ‘you’, the voter. The strategic decision was made to
take on and defeat Hillary Clinton with use of social media for ‘money, mo-
bilisation and message’. This was no small accomplishment against the most
popular political brand name in the world. Fundraising was carried out by
‘crowd funding’, involving the collection of hundreds of thousands of small
donations. Without using public money, the Obama campaign turned into an
entirely new political phenomenon.

Individuals were involved into the process and brought into the social
network of the campaign community. This medium was the message: the
campaign was about ‘you’, and the message was the empowerment of the
individual by inclusion in a virtual community. The campaign offered very
little substance about Obama himself, his ideas or policy proposals, but the
message of virtual inclusion succeeded in bringing electoral success in the
world’s most powerful nation.
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In the case of the Obama campaign, these new and social media comple-
mented traditional media of television and radio. In the Italian election of
2013, Beppe Grillo’s campaign created a similar virtual community and its
own social network. Those members of Grillo’s movement who were running
for parliamentary seats were instructed not to appear on television.

In other words, the campaign’s use of new media deliberately was the
message as it sought to highlight the novelty of the movement by rejecting
the use of traditional media. A charismatic stand-up comedian with a criminal
record succeeded in winning a quarter of the vote, sending 109 inexperienced
deputies to the Camera and 54 to the Senate in a time of economic crisis. None
of these newly-minted politicians had ever physically met each other or the
leader of their movement. What could possibly go wrong?

In both cases, social media was an essential mobilising factor. For Obama
it resulted in winning over the Democratic Party and then the Presidency. In
the case of Beppe Grillo, nothing much happened. The political establishment
outfoxed him and the adults resumed running Italy. This difference in impact
reveals that it is not enough for social media to mobilise politically to make
a meaningful impact. Unless political and electoral mobilisation is tied to ef-
fective political hierarchy and governance strategy, social media mobilisation
will not lead to new governance. As we shall see, this has been the biggest
problem of the limited positive impact of the Arab Spring, which has been
effective in toppling some tyrants, but not in translating this to effective new
structures of governance.

In the areas of commerce and government, technology has been an ac-
celerant, transforming the way developed societies operate. E-government
in particular has the potential to deliver services to the public efficiently and
swiftly at greatly reduced costs. It also offers much-enhanced transparency
and correspondingly reduced scope for corruption. On the other hand, the
reduction of secrecy in government makes it more difficult to develop long-
term policies that may be unpopular in the short term.

Mass online petitioning can help draw attention to problems much like tra-
ditional lobbying, but it has not fundamentally changed existing legislative or
policy processes. When issues become instant and spread virally, and politicians
feel compelled to be seen reacting to them, the result may be that long-term
objectives are sacrificed. In the developing world, phenomena such as mobile-
phone banking are proving catalytic in promoting impressive levels of economic
growth without the need for investment in expensive physical infrastructure.

EFFICIENCY AND VULNERABILITY

In the areas of business, commerce and retail, the process of the globalisation
of supply chains that was already under way has been greatly accelerated by
communications technologies. On the societal level, the cyber domain has had
a very large impact on retail, leading people to conduct their lives differently.
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More and more people in the developed world shop online. A customer can
obtain information on every facet of retailing in a way that was previously
not possible because the information was not available. But a fundamental
question remains about the extent to which technology is empowering us or
simply freeing us from the burden of making decisions.

As we are moving from an internet that connects people through their de-
vices to a new concept of an ‘internet of things’, the network will primarily be
a system of machines talking to machines. The fridge will tell the supermarket
that milk is running low and automatically place an order for delivery, or the
car will inform the insurance company whether its owner is driving in a lawful
and responsible fashion. Shopping patterns are collected with discount cards,
collected in databases and sold on to Facebook, where targeted advertise-
ments are no longer meant to draw in clicks, but the impact is measured in
the local shop. What will remain of choice when all preferences are anticipated
and taken care of before they are articulated? This is an example of private
sector Big Data helping business, and supporting our needs. What else will
this detailed information be used for, and who can access it?

How can we measure the impact of information technology, the internet,
social media and now, Big Data, on society? Increased empowerment for the
individual and virtual communities can lead to greater social and political
mobilisation, economic empowerment and also the satisfaction of any desire
before it is felt.

The linkage of information technology to common processes of commerce,
policy, elections and private life has changed their form and substance, with a
deep impact on society. Related to this is the question of stability: what is the
impact of technology on the stability of economic systems, of the social and
political order? How do these systems and structures — reordered and deeply
wired — cope with shocks?

IMPACT ON STABILITY

The question of stability concerns economic and financial systems, as well as
political orders. In both areas, connectivity is a form of disruptive technology.
The stability of both economic systems and social order can be greatly affected
by either the use or the disruption of connectivity.

In the case of economic systems, the nature of trade in goods and services
has been transformed by ICT connectivity, reducing the time needed between
production and consumption. The distance between the producer and the con-
sumer is minimised or even direct, shortening the logistical chain. A system
that maximises efficiency, from tailored made-to-order production to rapid
delivery, removes the need for expensive stockpiles. This has an important im-
plication for stability: a supply chain that is maximally efficient is one where
redundancy has been eliminated. And a system without redundancy is also the
most vulnerable to shocks and disruptions, whether they are natural disasters,
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acts of terrorism, cyber attacks or spikes in the energy market. In any complex
system, there is a trade-off between efficiency and stability. And in this case,
a maximally efficient global system can also be maximally vulnerable.

The question then becomes how to ensure that any system or new supply
chain is resilient to unexpected shocks. The Japanese tsunami disrupted many
supply chains. A primitive local insurgency, such as Maoist rebels descending
from Nepal into India and attacking steel mills, can have a deep impact on a
complex global logistical chain. On 15 August 2012, the Shamoon computer vi-
rus attacked the Windows-based computer terminals at Saudi Aramco, Saudi
Arabia’s national oil company. This was a deliberate attack by the Iranians,
whose oil remained unsold due to sanctions. While the system was restored
and 30,000 computer terminals were replaced within two weeks, the attack
revealed frightening possibilities. If the virus had spread to parts of the system
that controlled production the consequences for global oil prices would have
been disastrous. Neither the technology, nor even the means of attack, were
new. What was new in this case was the significance of the range of activities
to which the connectivity factor applied — both digital and conventional.

On the level of social and political order, the interaction with ICT and
social media influences and shapes society — and also affects stability. Mass
text messaging to mobile phones played a large part in inciting the Paris riots
of 2005 and the Muhammad cartoon riots throughout the Islamic world in
2006, while Twitter was a significant element in the 2011 London riots. Face-
book and Twitter are said to have played important parts in the Arab Spring
revolutions, but their role should not be overstated. Youth movements trained
in organised non-violent conflict according to the principles of the American
writer and academic Gene Sharp made use of a whole spectrum of actions of
which the social media element was only one.

New levels of connectivity in the ‘democratisation of technology’ have
enabled amateurs to reach new heights of professionalism in command and
control. Amateurs improvised war against Gaddafi’s regime in Libya, when
the rebels Googled weapons instructions and communicated live via Skype, to
learn how to use a rocket and determine targeting information.*

The Pakistani terrorist group Lakshar-e-Taiba carried out the most auda-
cious maritime and urban terrorist attack in India’s history in Mumbai in
2008. Ten attackers were prepared and managed in real time with the help
of Google Earth data, GPS devices and mobile phones, moving from target to
target. From a safe house in Karachi, a team of attack controllers “monitored
the situation by using cell phones and satellite phones and by tracking Twitter
feeds, internet reports, and Indian and international news broadcasts.

Using Skype, SMS text messages, and voice calls, the control room fed
a continuous stream of updates, instructions, directions, and warn-
ings to the attackers at each stage of the operation, gathered feedback
on the Indian response, and choreographed the assault team’s moves
so as to keep it from being pinned down by Indian security forces.®
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While current and former Pakistani officials were involved in managing
the attack, it was not an act of state. It was entirely planned, carried out and
managed with readily available mobile, internet and social media tools. In
36 hours, 172 people were killed, 304 were injured and $18 million property
damage was done. The connectivity factor had empowered determined non-
state actors to commit large-scale damage in an urban environment without
the use of the capabilities of a state.

TECHNOLOGY AND DEMOCRACY

But while technology is democratised and available to all for good or ill, its
democratising power should not be overstated. Twitter was a large megaphone
for the 2009 Iranian Green non-revolution, but actual Iranians tweeting in
Tehran numbered only a few hundred, and they were easily identified and
tracked by the government. Similarly in Egypt, while the book Tweets from
Tahrir proudly announced the “revolution as it unfolded on Twitter”, it also
revealed fewer than 100 tweeting activists. In the Arab Spring revolutions, so-
cial media played a complementary mobilising role in fomenting social unrest,
but did not do anything to transform this mobilisation into effective political
hierarchies or governance structures. In the case of the Arab Spring, it was
not the video of the self-immolation of the Tunisian fruit vendor Mohamed
Bouazizi spreading on social media that triggered the protests, but Al Jazeera’s
reporting of it.

While social media can play a big role in social unrest, they are unlikely to
be either the primary cause or the means of a revolution. The revolutions of
1789 and 1917 occurred without the help of social media. People still take to
the streets because they look out of the window and see other people taking
to the streets. The role of technology to bring about political change should
not be overstated, but unfortunately it remains a widely held view among
Western policymakers that when the floodgates of information through ICT
technology are opened, democratisation naturally follows. This view is based
on a misreading of the Cold War, and reflects the dangers of choosing the
wrong analogies.

The view that information technology democratises oppressed societies on
its own is based on a mistaken syllogism: communication technologies and ra-
dio were used in the Cold War and the Soviet Union eventually fell, therefore
the false inference is drawn that communication technologies made the Soviet
Union fall. This is followed up with an additional flawed conclusion: to achieve
victory again for democracy we must do the same things in digital form.

In political rhetoric, the Cold War metaphor was stretched far beyond its
shelf life: the Berlin Wall came down, and so we must echo President Reagan
and “Tear down this firewall!” or attack the ‘Great Firewall of China’. The
Iron Curtain had kept millions from freedom and so we must bring down
digital curtains today to liberate others. We supported dissidents in com-
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munist regimes and communism fell; bloggers are the dissidents of the 21st
century, and therefore one common policy conclusion has been that we, the
West, must support bloggers critical of their authoritarian governments. The
problem here is that mistaken assumptions and sloppy analysis lead to un-
serious policy, putting those individuals in danger who should be considered
the West’s allies. ®

A serious assessment of the impact of technology and the cyber domain
on the stability of an authoritarian state or a democratic society would have
to start with a view of the resilience of the system as a whole. This would be a
comprehensive evaluation of what authoritarian regimes are doing systemi-
cally with ICT, mobile networks, the internet and social media, in which the
resilience of a system and its capacity to absorb shocks are understood.

If we were to better understand the totality of forces at play in a com-
plex system created by high levels of connectivity, including its unpredictable
and uncontrollable dynamics, then we could gain better insights about what
leverage the West could have in the systems and dynamics that it can influ-
ence. Above all, technology and connectivity inside a given state cannot be
understood separately from their political and social context. A well-organised
policy response in a given crisis may be very difficult to carry out, but the
starting point should not be a set of faulty assumptions.

Authoritarian states traditionally use communication technology for their
purposes in three pillars: propaganda, surveillance and censorship. These tend
to be separate activities in old uni-directional media such as radio and televi-
sion, or the bi-directional telephone. But in a networked system, these three
activities overlap and affect each other.

Authoritarian states have rapidly adapted to new opportunities with se-
lective censorship and surveillance of the internet. But because everything is
intertwined on the internet, attempts to counter one pillar may strengthen
another: for example, blogging freely to counter propaganda and censorship
will present a state surveillance apparatus with easy targets. Or conversely,
while censorship is harder, propaganda is easier if state-supported bloggers
operate alongside independent ones.”

The connectivity factor has changed the nature and concept of the relation-
ship between the state, citizen and information — and traditional concepts
do not apply any more. In a networked system, the state can invisibly target
individuals to an unprecedented degree. States can also penetrate each oth-
er’s communications to an unprecedented degree, which becomes a matter of
security.

Assessing the relationship between connectivity and stability is an analytic
challenge, but much can be gained from a systems approach. The maximum
efficiency of global logistics and supply chains also reflects a system that is
maximally vulnerable to shocks. Connectivity is equally empowering for busi-
ness, economics, broadening social horizons, revolution and terror. The desta-
bilising effect on political structures is greater than the possibility of using the
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mobilising force to create effective liberalised governance. The democratisa-
tion of technology does not imply democratisation by technology.

IMPACT ON SECURITY

The impact of digital connectivity on security is broad, encompassing govern-
ment, societal and economic processes. In a pervasive digital environment,
there is much new vulnerability in the potential of cyber activism, cyber crimi-
nality, cyber warfare and cyber espionage — including commercial espionage.

The processes are connected to systems that were never designed with
security in mind. The original engineering concepts underpinning the systems
prioritised performance above all else, with the result that the systems are
inherently flawed and contain vulnerabilities that can be mitigated but never
eliminated short of a fundamental redesign. Knowing and being the only one
who knows of a particular vulnerability creates leverage that can immediately
be put to use in cyber activism, cyber crime, cyber espionage or cyber war.
Each of these areas is currently witnessing activity on an unprecedented scale
and sophistication. Approximately 80 million malign events occur every day
on the internet.

Our dependence on the cyber domain, with all its vulnerabilities, is over-
whelmingly a social and economic problem. With services moved into the
domain, a shutdown could have disastrous consequences, because we have
left alternatives behind. Improving security is not something either industry
or government can do by themselves, but together they may stand a chance
developing a spectrum of security measures against this spectrum of threats.
This cooperation requires a level of trust that has recently been damaged.

The phenomenon of hacking by the Anonymous network, combined with
Wikileaks, represents a new kind of activist threat to states by small numbers
of individuals bent on sabotage. Revolutionary leaking in itself is nothing new:
Napoleon leaked secret diplomatic agreements by the Bourbons to embarrass
them; Trotsky did the same with the Romanovs; and the documents of the
ransacked American Embassy in Tehran were published in 49 volumes in the
1980s and are available online.® What is new today, however, is the number
of actors who can engage in this kind of activity. It no longer requires forci-
bly taking over a country, just penetrating a network or releasing a large gift
brought to you on a flash drive.

In the case of sabotage as cyber war by states, it was a ‘zero-day’ vulner-
ability unknown to Microsoft that enabled the US and Israel to develop the
sophisticated Stuxnet virus that was designed to specifically attack centrifuges
in Iran’s nuclear enrichment programme. Similarly, the Aramco attack in 2012
exploited the firm’s vulnerabilities with an attempt to manipulate oil prices.
Corporate and state-sponsored theft of intellectual property has already had
profound consequences, such as the bankruptcy of Nortel in 2009. Maintain-
ing the security of financial systems is also a great challenge.
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It is estimated that global money laundering accounted for around 3.6 per
cent of global GDP or around $2.1 trillion in 2009, ° and the largest banks
spend nearly half a billion US dollars each a year to counter money launder-
ing, terror finance and fraud. When it comes to cyber crime and cyber fraud,
however, many financial institutions try to avoid reporting it, because it would
make both government and shareholders unhappy. While there are heavy
regulatory requirements, with severe penalties attached, obliging financial
institutions to report suspicious activities relating to money laundering, there
are no similar regulation and reporting requirements for cyber crime.

Most countries have financial intelligence units whose job it is to receive
reports from financial institutions and other regulatory bodies on suspected
activity related to money laundering. There are no similar bodies, nationally
or internationally, to receive reporting on cyber fraud and cyber crime.

While this is an area that is very difficult to investigate, it would be easier
if there were a reporting requirement. If a cyber attack causes physical dam-
age to a financial institution, which is most certainly part of a critical national
infrastructure, there is an obligation to report in principle, but there may not
be anyone to report to.

The United Kingdom has made some progress towards the establishment
of a joint reporting centre to receive reports on cyber attacks, but these will
not deal with financial losses. Similarly, the European Union’s Computing
Emergency Reporting Team (CERT) deals with Europe-wide attacks on infra-
structure and the EU’s own systems, but it does not deal with people’s money.

In many cases of theft, whether it is intellectual property or moneys, it is
often not known or takes a while to discover. Sophisticated hackers will steal
money from dormant accounts, where the loss may go undiscovered for a long
time. In the case of corporate or state-sponsored cyber espionage, the theft
may go unnoticed altogether.

In the case of cyber-espionage, we are now seeing a concentration of es-
pionage activity that is genuinely unprecedented. While we have always had
commercial espionage and we have always had state espionage, what is new
today is state-sponsored commercial espionage on an immense scale. In se-
curity terms, China is the main culprit today, both threatened by the internet
while seeing it as very useful. Chinese state-sponsored (or to be more precise,
Communist Party-sponsored) intellectual property theft has been described
as the “greatest transfer of wealth in history.”*°

Any state today with a national telecommunications company acquires a
signals intelligence (sigint) capability that gives it a reach that was previously
only available to a small number of intelligence powers. Today, anyone can try
to hack into the Pentagon, which was not something that could be seriously
contemplated as little as twenty years ago. As ICT has an equalising effect, a
new climate of vulnerabilities has emerged. This is forcing not only govern-
ments, but also private actors, to develop not only a security culture, but also
a counter-intelligence culture.
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The vast expansion of the US intelligence community that followed 9/11
included both expansion of electronic surveillance as well as the develop-
ment of a large community of private contractors with top-secret (TS) security
clearance. The population of “top-secret America” grew to be immense. A
2010 investigation by the Washington Post estimated that 854,000 Ameri-
cans had TS clearance, ' but the actual number was much higher. According
to the 2012 report by the Office of the Director of National Intelligence, more
than 3.5 million Americans held a secret or confidential security clearance,
and an additional 1.4 million held TS clearance — of whom 483,000, or 34
per cent, were contractors. > The TS community included 1,271 government
organisations and 1,931 private companies working on programmes related
to counterterrorism, homeland security and intelligence in around 10,000
locations across the USA.

The Edward Snowden affair has revealed both the secret power and the
vulnerabilities of big data: secret power, because we have sleepwalked into a
new world without considering the implications for privacy; and vulnerability,
because it took a single disgruntled 20-something know-it-all to cause large-
scale damage to the United States government, its relations with allies and
the hi-tech industry.

The affair has brought to public consciousness what it means to live in a
world of big data and it has opened a much-needed debate. Big data alters our
relationship to information in the way that the internal combustion engine
altered our relationship with the highway. Governments are not driving this
process, but are struggling to keep up. The very scale of the NSA programme
indicates that while the internet started as a military project, and its social and
economic success was a function of its privatisation, it is currently undergoing
a process of remilitarisation. In this regard, it was not helpful for public trust
that, for a period of time, the same man, General Keith Alexander, headed
both the NSA and US Cyber Command.

The case of cyber war differs from cyber criminality and cyber espionage.
While espionage and crime are both happening on a large but unknown scale,
cyber war is the most talked about, while not very much is actually happening.
It is also argued that, in the case of China, corporate espionage and cyber war
are blurred.

In the West, critical infrastructure is mostly in private hands, but citizens
ultimately hold the government responsible for their security. This presents all
sorts of legal conundrums with regard to information sharing, public-private
partnerships, and divisions of legal responsibilities between governments
and private actors. Debates on these questions are occurring throughout the
democratic world.

With regard to the vulnerabilities for cyber war on our critical private or
public infrastructure, there have been many alarmist commentators who have
painted apocalyptic scenarios.* While these scenarios are theoretically pos-
sible, cyber war is much more likely to be an addendum to a physical war.
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Analysis of cyber war scenarios also suffers from misuse of metaphor — in
this case, air war. The idea that massive damage can be done at an early stage
of the conflict is an optimistic but not viable concept. In an open conflict, cy-
ber war will be one tool among many, and unlikely to be the most prominent.
Electronic warfare, such as knocking out command and control centres with
an electromagnetic pulse, or jamming radar signals, is likely to play a greater
part on the operational level than cyber war.

Militaries are looking at the cyber domain as a strategic space for both
offensive and defensive elements. In a certain sense, the cyber Rubicon has
already been crossed. Offensive activities by states are already taking place.
The Stuxnet virus and the Aramco attack are examples of creating physical
damage. The Flame virus, another US-Israeli computer virus created to at-
tack Iran’s nuclear programme, was a more ‘traditional’ tool of information
exfiltration. When electricity grids, hospitals, floodgate systems are targeted
or manipulated, deaths will occur and the actions can have the same con-
sequences as war. But without a solution to the problem of attribution, the
status of aggression and self-defence in international law will not be clear.

It is more likely that cyber war of this kind will not occur in isolation, in
peacetime, or out of spite. It will more likely be one capability to be deployed
in a spectrum of instruments in the broader context of a conflict or war.

IMPACT ON GOVERNANCE

The impact of the revolution of connectivity on structures of governance can
be seen in several areas. Increased transparency and more direct communi-
cation between citizens and their local or central government have enhanced
transparency, reduced the scope for corruption and enabled greater efficiency
in the delivery of services. New technologies have democratising and flatten-
ing impacts on governance, making it harder for governments to conceal or
dissemble.

While governments in open societies generally have greater capacity to
absorb criticism, they have largely been reactive rather than proactive. If gov-
ernments are only tactically reactive to events, there is little room left for
developing and implementing a long-term strategy. And without a strategy,
governance will be more vulnerable. The noise created by extremist or fringe
groups, whose online presence may appear disproportionally greater than
would be the case if based on traditional support, can crowd out traditional
discourse and amplify their political leverage far beyond their political base.

For authoritarian regimes, it is now a lot more difficult to manage infor-
mation. They are no longer capable of controlling information in ways that
they had been accustomed to. But in some cases they have adapted quickly
to digital media. In Russia, for example, the central government has shown
great tolerance for criticism of corruption at the local level as this can easily
be co-opted and turned to strengthen the authority and legitimacy of central
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government. ' In China, many sites and subjects are selectively filtered, and
blogs and chat rooms are monitored and censored. The scale of operatives
involved in the monitoring, censoring and exercising of control over thought
and speech is unprecedented in China’s history of electronic communications.
The Chinese ability to enforce on such a huge scale gives the Communist Party
and government a sense that the internet can be controlled. ' The OpenNet
Initiative has carried out a global survey of internet censorship and concluded
that 19 countries carry our selective filtering of the internet, and 20 additional
countries conduct substantial or pervasive digital censorship.'”

As discussed above, networked technology can support both democratising
trends, as well as strengthen capabilities of repression. Technology alone is
morally neutral. Its impact on governance and other possibilities it presents
for good or for ill depend on the human, social and political context in which
they occur. There is an important difference between the impact on govern-
ance, and new responses to this impact in governance. And in domestic gov-
ernance responses, there are important distinctions between democratic and
authoritarian states.

INTERNATIONAL RESPONSES IN GOVERNANCE

On the international level, we are at the end of the beginning of a very broad
standoff about the future of governance of the internet — a dispute that will be
extensive and protracted, and indeed like the Cold War. According to one ob-
server, the December 2012 meeting of the World Conference on International
Telecommunications (WCIT) “may be the digital equivalent of the February
1945 meeting of the Allied powers in Yalta: the beginning of a long Internet
Cold War between authoritarian and liberal-democratic countries.”

The battles over Internet governance that surfaced at WCIT are not

just about competing visions of the Internet, with one side favoring

openness and the other security. They are also about two different vi-

sions of political power — one in which that power is increasingly dis-

tributed and includes non-state actors, and one in which state power

is dominant.®

An update of the international telecommunication regulations is badly

needed because the last iteration, in 1988, omitted the internet entirely. The
dispute between Western and authoritarian states concerns the fundamental
difference in governing philosophy between those countries where power is
shared between multiple stakeholders — including private actors — and those
countries where the state dominates political and economic power. The dif-
ference between a ‘multi-stakeholder’ approach versus the ‘cyber sovereignty’
advocates who seek to concentrate control of the internet is turning into an
international dispute between the West and the Rest, which can lead to frag-
mentation of the internet in multiple networks — a development that is already
under way in some countries and regions.
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Similar tensions have emerged in relation to international discussion of
security within the cyber domain. In June 2013, a compromise was reached
in the sessions in First Committee of the UN General Assembly, where China
conceded that existing international law — interpreted by the US and its allies
as including the Law of Armed Conflict — applied in the cyber domain, and
Western states made concessions recognising the role of national sovereignty.
The UN compromise is flexible enough for everyone to interpret as they see
fit. The debate is ongoing but it will remain a challenge for Western states to
keep the internet open as an instrument of liberty.

EVALUATION

The great revolution of connectivity through ICT technology, the internet and
social media has fundamentally changed our relationship to information. The
great increase of opportunity, business and prosperity, and the widening im-
pact in social life, society, elections and governance, are juxtaposed with a
big increase in risk. Where the internet started as a military project that was
privatised, in many parts of the world it is undergoing a process of remilitari-
sation. The cyber domain is now a strategic space of competition, opportunity
and danger, where states are seeking to repatriate a space that was largely
widened by private actors.

We have sought to place the technological and societal breakthroughs in
a broader historical context, and there are several possible scenarios in the
future evolution of the internet. While this topic is a fast-moving target, we
can identify several large-scale trends and several possible futures.

With the cyber domain increasingly a strategic space where states com-
pete, most political leadership in the West lacks understanding about it and
is ill-equipped to develop long-term cyber policies and strategies. The cyber
domain is perceived to be technical and new, but it is neither. Some coun-
tries, such as Russia, China and Israel, have long-term cyber strategies. NATO
and the EU have fairly well-developed cyber defence capabilities. The United
States has published a cyber strategy doctrine, but the sheer size and scale of
US bureaucracy and ‘top-secret America’ makes it very difficult to forge a uni-
fied strategic direction. The United Kingdom and France have no published
cyber doctrines, although these countries are no less active: the UK has an-
nounced its intention to develop offensive military cyber capabilities. France
remains the most opaque in this regard, because it remains the only Western
democracy without parliamentary oversight over its intelligence agencies.
French cyber activities remain unknown and hidden from scrutiny.

We have considered the trends enabled by connectivity and their social,
economic and political impact, such as mobilisation, activism, cyber crime and
espionage. All of these activities can be expected to grow in the coming decades,
especially with the rise of the internet of things. When most everyday household
items have IP addresses, their usefulness also presents much new vulnerability.
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On a wider scale, depending on how international battles are fought, there
are several possible outcomes for the future of the internet. It is possible that
the internet remains as it is, with general access everywhere, give or take some
local censorship. But if authoritarian governments win the international bat-
tles, the future may be a lot grimmer. If all digital communications become
subject to sovereignty, then we will witness a balkanisation of several inter-
nets, where regions will be isolated from each other’s information flow. The
technological and social breakthroughs of the past two decades may very well
lead to political regression, hand in hand with future technological advances.

CONCLUSION

The breakthrough process to global digital connectivity is a new phenomenon.
It is also a classical example of the introduction of disruptive technology that
has a large-scale social, political and economic impact. It is comparable to
the introductions of print, steel, steam and the radio. The difference today,
however, is that the speed of the impact is much greater. The internet and
other information technologies have broad and deep disruptive effects on the
existing structures in society, stability, security and governance.

The disruptions have happened more quickly than adjustments to new
technologies, and we have walked — in some cases sleepwalked — into a new
information world we insufficiently understand. We may be aware of the new
social and economic possibilities that have been created, but not of the vul-
nerabilities that go with it. While the social impact is deep, human nature is
unchanged and the human qualities of prudence and leadership are needed
in this area today.

We can begin to understand the roots of the disruption by looking at past
and current structures confronted with new technologies. We can then be-
gin to remind ourselves of the purposes these structures are meant to serve;
and what the core of security and governance are meant to achieve. If new
technology disrupts existing and familiar structures, the question is forced
on us: what structures do we need? This in turn requires us to reflect on how
to adapt the governance and security structures we need for prosperous and
safe societies.

Unlike in the eras of the British Empire or the Cold War, the security chal-
lenges of today are a lot more difficult to understand. Those in positions of
responsibility with the power to make decisions are rarely capable of grasping
both the technical and political implications of this issue. Younger generations
are highly connected today, but have grown up without a sense of threat. Be-
tween the young and current leaders, those capable of understanding both tech-
nological and political change are rare — but they are needed as future leaders.

We have seen two breakthroughs in this study — and the immediate after-
math in the responses in governance. The factor of the environment was the
most decisive in enabling both breakthroughs. In the first case, the technologi-
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cal breakthrough of the innovation of packet-switched information technol-
ogy occurred in the environment of long-term government-funded defence
research and development. The technological breakthrough would not have
occurred without long-term cooperation between top research universities,
the US Department of Defense and the government.

The second economic and social breakthrough, however, could only have
occurred in the environment of the free market. The technological seeds were
laid in the closed environment of government-funded research, but innovation
proliferated in the open field of the free market. The dotcom boom and bub-
ble were only the first stage of exponential adoption of new technology. What
followed was a filtering by companies, whose ideas and innovations mattered
for the mainstream.

As public acceptance grew with new levels of familiarity with new tech-
nologies, ever more social and economic activities moved online, creating the
biggest repository of information the world has ever seen. Today, only after
the fallout of the highly damaging Snowden affair do we see a crisis of public
trust in governments. We are far beyond the idealistic visions expressed by
political leaders in the early 1990s.

We have noted the differences in attitudes to the cyber domain between
democratic and authoritarian states, who are competing at the international
level over its future. At the United Nations Governmental Group of Experts,
a consensus was drafted in June 2013. The consensus was a compromise that
conceded two competing concepts: the applicability of existing international
law to the cyber domain; and the assertion of the validity of national sover-
eignty in the cyber domain.

Diplomats and international lawyers deal with assertions of sovereignty all
the time, so in that respect this compromise was nothing out of the ordinary.
The agreement will also have to be followed up and supplemented with a num-
ber of bilateral and multilateral discussions on different aspects of internet
security. But the proof will be in the practice.

It is state practice that will determine what the norms are, and where the
centre of gravity for a rules-based approach to the cyber domain will lie, be-
tween ‘international law” and ‘national sovereignty’. A draft agreement that con-
cedes something to both sides will not yet tell us how state practice will develop.

When it comes to the behaviour of governments, we should distinguish
between the question of control and the question of surveillance. Democratic
states, cyber-libertarian idealists and others are all equally scandalised at the
manner in which authoritarian states seek to control information flows in the
cyber domain.

But when it comes to surveillance, democratic and non-democratic states
are equally tempted by the fact that large internet corporations and phone
companies — apolitical though they may be — have in their possession more
data and surveillance capabilities than states could ever dream of. The temp-
tation to harvest was too great, and led to overreach. The imperative to keep
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pace — driven largely by fears of the consequences should some important
predictive intelligence be missed — led to the development of industrial-scale
collection programmes. As the example of cyber narcissist Edward Snowden
would demonstrate, secrecy is hard to achieve on an industrial scale.

At the 2013 Davos Summit, the fallout of the Snowden revelations was a
big theme, and ‘rebuilding trust’ was the watchword. This will mean greater
security, delivered through stronger and more pervasive encryption. It will
also mean the development of laws and process, at national and international
levels, to give people control over their data. How this will play out over time,
for both security and trust, remains to be seen.

As the cyber domain is moving to the ‘Internet of Things’, of devices talk-
ing to devices, relieving humanity of making many decisions, exposure to a
whole new range of vulnerabilities will also increase. Smart appliances will
proliferate, but there is a risk of poor code managing their connectivity. Unlike
a laptop that communicates security alerts to the user and makes updates, a
‘smart fridge’ will not tell you it might be compromised. This indeed hap-
pened: a fridge was compromised with malicious code and this illegal con-
nection was used to send out spam. The implications of this go much farther
than this case, and it is likely that there will be growing pressure for minimum
standards for such devices.

The overall breakthrough that created the cyber domain has created a force
for social good and prosperity on a large scale. From its military origins to the
free market, the cyber domain is being securitised and remilitarised. It is a
strategic space where power is exercised, as in other domains. But it remains
to be seen what the net effect of that will be. We are only just beginning to see
what the manifestations of these trends are. Before we complain about what
we don’t want to see happen, we need a clearer idea and a debate about what
we want our relationship, and our governments’ relationship, to the cyber
domain to be.

With structures disrupted by new media — and in some cases governments
overthrown — the requirements of leadership have not been replaced by tech-
nology. The Arab Spring has shown that while social media and the cyber
domain can be effective in initiating a revolution they are no substitute for
the difficult and boring routine work that is necessary to build stable institu-
tions. The fundamental values of arranging an inclusive, free, prosperous and
secure state are not changed by technology — but they will have to adapt to it.
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CHAPTER 2

INNOVATIONS
IN GLOBAL
LOGISTICS

The logistics industry has its origins in military history
but has developed into the lifeblood of modern civilisation.
This chapter examines the development of the most
important innovations in logistics since the Second World
War, starting with containerisation, which transformed
shipping and ports and has led to the huge container
ships, the largest vessels the world has ever seen, which
now dominate the industry. The authors go on to study
the logistics revolution of the 1960s, the development of
hub and spoke distribution networks and the “just-in-
time” concept of supply replenishment, and the wide-
ranging innovations in information technology and
digitisation that have transformed the industry again in
recent years. They also examine the role that the “physical
internet” is beginning to play in modern logistics and
conclude with three case histories of innovative companies
that are pioneering new developments and reshaping the
industry: Eyefreight, Ecolane and Maersk.

THE KEY FACTORS ARE CONTINUOUS INNOVATION, VISION,
ENVIRONMENT AND EXECUTION.

QUALITATIVE ANALYSIS: PAGE 374
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INTRODUCTION

Logistics is the lifeblood and engine of modern civilisation. In this chapter we
consider key innovations and trends in modern logistics, and the vital role they
play in our age of consumer-driven markets. As in other chapters, we consider
the innovations that led to breakthroughs, showing how they are the result of
an effective process from vision and concept to strategy and implementation.

Most innovations today are driven by a vision with three factors in mind:
business performance, the customer and environmental sustainability. Many
stakeholders in logistics industries and services today are unified by this
vision to develop innovations that reduce the environmental impact of logis-
tical activities, while serving the customer more quickly and efficiently. As a
function of the price of energy, environmental protection goes hand in hand
with greater efficiency and good business practice.

Innovations in logistics can be classified as physical, conceptual or re-
lated to information technology (IT). Physical logistics innovations are either
vehicles or equipment, and include the development and evolution of vari-
ous modes of transport on land, sea and in the air. Innovations in equipment
include the revolutionary rise of the container from the mid-1950s onwards.
This basic steel box has transformed logistics worldwide, fundamentally
altering the nature and location of ports, facilitating a huge increase in
ship size, redefining the relationship between transport modes and, as a con-
sequence, allowing companies to globalise their supply chains.

Conceptual innovations apply to the overall design of a supply chain sys-
tem or to operational practice. System-design innovations include the devel-
opment of hub-and-spoke networks by parcel carriers; while innovations in
operational practice include the just-in-time concept of replenishing supplies
as they are required. Innovations in IT range from the invention of the bar-
code and the beginnings of digitisation in the 1970s to our present era where
cloud computing, big data, GPS and mobile networking are integrated to man-
age a range of logistics activities in real time. Logistics activities comprise
much more than transport, and innovations in logistics are not only innova-
tions in vehicle design. Digital innovations that improve the overall manage-
ment of supply chains, for instance, can have a greater impact than technical
innovations at the level of vehicle design. Logistics activities have both a broad
range and a form of hierarchy. Whoever possesses the edge in logistical abil-
ity is not only economically stronger; in times of war this can determine the
very survival of states. Many early innovations in modern logistics are found
in military history, often with civilian infrastructure developing in parallel.

ORIGINS: FROM WAR TO BUSINESS

A contemporary textbook definition of logistics is “the process of strategically
managing the movement and storage of materials, parts and finished inven-
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tory from suppliers, through the firm, and on to customers.”"

Logistics is not merely transport, but includes the broader science of mov-
ing, storing and managing goods. As recently as 1975, however, the Oxford
Illustrated Dictionary still defined logistics as the “science and practice of
moving, lodging and supplying troops.”> Both the original meaning and uses
of the word, as well as past innovations and breakthroughs, are found in mili-
tary history. The necessity of national survival in time of war has historically
driven many logistics innovations.

The classical Greek word logistike referred to the “art of calculation, and
in a military context, was used to refer to any aspect of strategic or tactical
operations that was based on quantitative calculation, whether in connection
to movement, equipment, organisation, or fighting.”? The term reappears in
the 10th century, when the Byzantine emperor uses the Greek term to refer
to the science of supplying an army.

In the 19th century, the Swiss strategist Henri de Jomini narrowed the
meaning of logistique to refer only to the organisation of keeping an army
moving. The term gradually passed out of use in Europe but was in continual
use in the United States, where Jomini’s influence was stronger. It was then
expanded to refer to “all aspects of supplying an army and to moving the nec-
essary materiel, in the required condition, to the correct place at the proper
time.” German studies of Roman supply used the term Logistik to refer to “the
supply of food, its transportation and administration, as well as medical and
sanitation services.”* In the history of war, victory and the very survival of
states often hinged on which side had a logistical edge. Attributed to Napoleon
is the saying that “amateurs discuss tactics, professionals study logistics.”

Napoleon’s innovations and victories were the culmination of several de-
velopments initiated by military reforms that followed the Peace of Paris of
1763. Napoleon implemented military-logistical innovations that included the
improvement of accuracy and mobility of artillery; the universal conscrip-
tion of the citizen-soldier; and a centralised bureaucracy — all to combine
mass manpower with industrial firepower. His most important innovation,
however, was to divide his army into corps d’armée, which were complete
miniature armies of 20,000-30,000 men led by Marshals who operated inde-
pendently from each other. Marching along separate routes, the corps could
be more self-sufficient in supplies and achieve an element of surprise. In
1806 seven French corps destroyed the Prussian army by falling upon Jena
and Auerstddt from multiple directions. The Prussians had nearly double the
manpower but were stunningly defeated because Napoleon’s conceptual and
organisational innovations gave him a logistical advantage.®

Civilian innovations in logistics occurred in parallel. The course of the 19th
century saw the rise of steam power and the introduction of the first public
steam-powered railway service in 1825 between Stockton and Darlington in
Britain, and the first steam ships in the following decade. In Britain the canal
network drove the industrial revolution whereas in Germany the rail network
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was more dominant. The first IT innovation—the telegraph—would enable
centralised operational command. These innovations increased operational
and strategic reach, enabling the Prussians to emerge as the most advanced
military power in the 1860s. With new rifle technology, mass movement of
troops by rail and centralised communications, the Prussian physical innova-
tions gave them the logistical advantage, when they encircled and stunningly
defeated the Austrians in 1866 and the French in 1870.

In the early years of the First World War, the great bloody battles of the
Western front, involving massed infantry, machine gun and artillery fire, led to
stalemate and exhaustion without affecting the strategic outcome. To evade the
battlefield, logistical innovations were introduced from 1917 onwards with mili-
tary aircraft, the tank and the submarine. In the first year of the Second World
War, the Germans possessed a logistical advantage, because of better opera-
tional mobility from rapid mechanised warfare in the synchronised deployment
of airstrikes, mobile artillery and the movement and supply of troops by truck.
In this early Blitzkrieg phase of the war, the Germans succeeded in conquering
most of Europe with relatively few military deaths. In both world wars, however,
Germany would eventually be defeated because the Allies could out-produce
and out-mobilise them on land, sea and in the air. In the post-war period, many
wartime innovations in logistics would spread to the world of business.

Commercial applications of logistics, and its later development as an aca-
demic discipline, borrowed heavily from the art and science of military logis-
tics. Running and supplying a military organisation with limited resources
where lives are at stake can only be achieved by devising a clear strategy and
reducing overall aims to smaller intermediate goals. This must be done with
full awareness that any planning is constrained by the limits of logistics and
communications. This requires a skillset that translates particularly well to
business and management.

Until the end of the Second World War, the railways had a near-monopoly
on long-distance movement. It was not until the post-war period that the
large-scale use of trucks developed on expanded road networks. The post-war
period witnessed several major paradigm changes with physical, conceptual
and IT-related innovations.

POST-WAR LOGISTICS INNOVATIONS

Physical Innovations

The most significant physical innovation in logistics was the introduction of
containerisation in the mid-1950s. The Texas trucking entrepreneur Malcolm
McLean converted a Second World War oil tanker and installed steel frames
on its deck to stack metal container boxes. On its maiden voyage from Port
Newark to Houston in April 1956, it carried 58 containers and 15,000 tonnes
of petroleum. Other companies would soon adopt the container and this revo-
lutionised the way goods were moved globally. The container facilitated the
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trans-shipment of goods between transport modes and transformed the role of
the ports. Cargoes were traditionally moved loose, and their handling was very
labour intensive. The container enabled a simple mechanical transfer from the
ship onto a truck or train with no further need for warehousing at ports. At
the time, this reduced the cost of loading and unloading cargo from $5.83 to
$0.16 per tonne. Although resisted by dockworkers intent on preserving their
jobs, the container offered major advantages in faster handling speed, greater
security, lower transport costs and the standardisation of freight movement on
a global scale.® The container permitted the modularisation of freight move-
ment in standardised loads. It became the top tier of a unit load hierarchy that
included at lower levels the pallet, the case and individual product packaging.

Containerisation was also associated with the increases in vessel and ve-
hicle sizes which took advantage of economies of scale in freight movement.
Nowhere has the growth been as pronounced as in container shipping. The
standard size container, the ‘twenty-foot equivalent unit’ or TEU, is stackable
and has been the main unit of vessel carrying capacity. The early container
ships after 1956 could carry 500-800 TEUs; in the 1970s capacity ranged from
1,000 to 2,500 TEUs; from the 1980s to 2000 capacity grew from 3,000 to
8,000 TEUs.” This evolution from the 1950s has now culminated in the Mae-
rsk Triple-E, the largest class of ship ever made, with a staggering capacity of
18,000 TEUs, and described later in this chapter.

Other transport modes have also enjoyed a substantial increase in vehicle-
carrying capacity. In the UK, the maximum truck weight has increased over
the decades from 26, 32, 38 and 41 to 44 tonnes today, with significant eco-
nomic and environmental benefits.® In the Netherlands trucks have gone up
to 60 tonnes. On the US rail network lengthening trains and double-stacking
containers has greatly increased the available payload. In order to maximise
efficiency and economies of scale, this expansion of transport capacity devel-
oped alongside conceptual innovations in logistics management.

Conceptual Innovations: systems and operations

The 1960s witnessed an important conceptual innovation in the manage-
rial integration of different logistical activities. Before then there were no
separate logistics departments within companies. The various functions of
order processing, inventory management, materials handling, warehousing
and transport were fragmented. Transport would be the responsibility of a
production department; orders and inventory would be handled by sales.
When all of these activities were brought together, their coordination could
be improved and optimised. This conceptual innovation, both systemic and
operational, was called the ‘revolution in physical distribution management’.
It was the birth of modern logistics.

The new logistics management of the 1960s started at the local level with
the integration of transport and warehousing operations into physical distri-
bution systems. This process of integrating logistics functions subsequently
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widened from the distribution of finished products to the management of
a full ‘end-to-end’ supply chain. This integration had three main benefits:
first, companies could find the optimal trade-off between the costs of vari-
ous logistical activities with a ‘total cost approach’; second, this optimisation
would give distribution a stronger consumer focus; and third, it raised the
importance of logistics in the management hierarchy, elevating it from the
operational to the strategic level.®

By the late 1970s, many firms had established ‘logistics departments’

with overall responsibility for the movement, storage, and handling of

products upstream and downstream of the production operation. This

enabled them to exploit higher-level synergies, share the use of logisti-

cal assets between inbound and outbound flows, and apply logistical

principles more consistently across the business. *°

A later big conceptual logistics innovation, from the 1970s onwards, was
the development of hub-and-spoke distribution networks principally by ex-
press parcel carriers like Fedex, DHL and UPS. Parcels are transported to
centralised hubs, where they are sorted overnight and distributed by plane
or truck to customers via local satellite depots. This kind of centralised sort-
ing process requires a high level of capital investment—and is amenable to
automation—but it reflects the most cost-effective way to process the inter-
national distribution of large quantities of parcels in a short period of time. A
parcel sent from the Netherlands to Greece will normally not be flown direct,
but pass through such a hub. For example, DHL has a massive hub in Leipzig
where planes fly in each evening from more than 50 locations. Within a few
hours all the parcels are sorted and the planes fly out again. On the national
level, smaller hub-and-spoke networks are in place for localised distribution.
This mechanism allows for an overnight delivery service almost anywhere in
Europe and connection to other hubs around the world.

Another important conceptual innovation is ‘just-in-time’ (JIT), an opera-
tional practice developed by Taiichi Ohno of Toyota in the late 1970s. Just-
in-time would grow into a dominant paradigm for manufacturing and supply
chain management in the 1980s and 1990s." The aim of the JIT principle
is to schedule deliveries to arrive exactly when they are needed, in order to
ensure a smooth product flow and remove the need for large inventories. It
results in products being pulled into a production or retail operation by actual
demand rather than pushed by advanced planning and forecasting. JIT origi-
nated as an operational concept but has evolved into a broader management
philosophy. The basic approach of JIT was to closely match supply to demand,
eliminate waste and reduce inventories to a minimum.

What began as a pull system started within factories has expanded up-
stream and downstream in the supply chain to pervade all types of logistics
operations. But JIT requires a stable environment, and the problem here is
similar to one pointed out in the chapter on cyber-security: a maximally ef-
ficient system is also maximally vulnerable to shocks. In the years following
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9/11 and the Japanese tsunami, JIT has been shown to expose many supply
chains to excessive risk. Indeed, some have been so lean, in terms of inventory,
that they are anorexic. The question remains today: what level of redundancy
and robustness is necessary for logistical systems to be resilient to shocks?

Another major conceptual innovation of the 1970s was the outsourcing
of logistics activities. Until then, many companies owned and operated their
own vehicles and warehouses. They then started engaging third parties to
outsource their transport and the warehouse operations. While transport had
been outsourced for a long time, it is only from the 1970s onwards that the
whole logistics operation began to be externalised, with companies provid-
ing an integrated service comprising transport, warehousing and inventory
management. This kind of ‘third-party logistics’ service would later evolve
into ‘fourth party logistics’ (4PL) during the late 1990s. This concept, which
was developed by Accenture, refers to the provision of higher-level strategic
support in the planning and management of supply chains. These physical and
conceptual innovations have gone hand in hand with innovations in informa-
tion technology.

IT innovations

Innovations in information technology and digitisation apply today to every
level of logistical activity, from the movement and storage of goods to the
planning of the supply chain. The telegraph, radio and telephone first estab-
lished instant long-distance communications; the 1970s witnessed the first
steps in digital information technology applied to logistics activities. Among
the most important IT innovations during this period were the barcode and
the first vehicle routing software packages.

The introduction of barcoding to logistics brought about a standardisation
of tracking goods through the supply chain. As soon as the assignment of
barcode numbers was standardised through organisations such as the Article
Number Association, it spread rapidly down the unit load hierarchy to the
product level. The marginal cost was negligible, and barcodes were applied to
the container, the pallet, the box, right down to the can of beans checked out
at the electronic point of sale (EPOS). The barcode brought several benefits
to the wider supply chain: not only were goods tracked down the supply chain
but the EPOS also collected information on sales. This would be sent back
upstream to the supplier, who could process orders continually adjusted to
demand. The proliferation of barcodes and the sensors needed to scan them
created product visibility across the supply chain.

In some sectors barcodes have been gradually superseded by radio fre-
quency identification (RFID), though this form of electronic tagging has not
yet filtered down to the product level, mainly because its marginal costs re-
main too high.

The first vehicle routing software packages also emerged in the 1970s to
help companies optimise the routing of their vehicles. These first software so-
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lutions required mainframe computers, were not very user-friendly and often
yielded poor results. Today we have entered a new era that sees cloud com-
puting, big data, GPS and mobile phone apps all integrated into supply chain
management packages. An optimal solution can sometimes now be provided
by your iPhone.

The digitisation of entertainment, education and messaging has removed
the need for large amounts of physical transport and this trend is likely to con-
tinue. 3D printing is a new trend that combines digital and physical delivery:
while it will still require the movement of materials, it can greatly streamline
supply chains and reduce transport intensity at the national and global levels
when a design is purchased online and printed locally.

The physical, conceptual and IT innovations of containerisation, increases
in vehicle size, integrated logistics management, hub-and-spoke networks,
just-in-time, barcoding and digitisation are the biggest breakthroughs of mod-
ern logistics in the post-war period. In the same period, logistics has developed
into a broad discipline, relating not only to transport but to the whole mix of
activities related to the flow of goods, from raw materials to the final point of
sale, including the development of the supply chain systems that manage them.

Of course logistics, as an industry, is the servant of other sectors. Logistics
activities underpin the development of global markets. Globalisation is a key
by-product of these innovations in logistics, with economies of scale lowering
production and transport costs. Global value chains are facilitated by logistics
and operate synchronously in all domains of land, sea, air, space and infor-
mation. The seamless integration of all these spaces lies at the heart of the
consumer-driven markets of our age.

The coming decades will witness a large expansion of online retailing,
which demands adaptation and diversification of logistical solutions compris-
ing ever more sophisticated warehousing solutions and distribution networks.
The customer service dimension is central: the overriding goal of logistics
managers is to satisfy the customer and to develop the mechanisms to do so
most efficiently.

The logistical requirements of the global economy will continue to evolve
across a spectrum extending from large-scale long-distance movements in
great bulk to localised delivery of small consignments on the so-called ‘last
mile’ to the home. Innovations are constantly being developed to improve
quality, efficiency, sustainability and resilience at all these levels. The question
is which of these current innovations will become major breakthroughs and
game changers in the near future.

LOGISTICS TODAY

Logistics and innovation

A contemporary description of logistics will include four elements: the trans-
portation of goods, the management of inventory, warehousing and related IT
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systems. But this bundle of activities does not provide a full definition. Logis-
tics as a whole can be conceptualised in different ways, and viewed from four
main perspectives: as a function, as an industry, as a service and as a discipline.

As a function, it is the activity of moving or storing products; as an indus-
try and service, it refers to those companies that perform logistics as their core
activity on an outsourced basis; and as a discipline, it is an academic subject
area, with a body of theory and concepts. As discipline, service, industry and
function—how innovative is logistics today?

One study of innovation management in the German transportation indus-
try argued that compared to other sectors logistics service providers (LSPs)
score lowest in their implementation of innovations. Within a set timeframe,
the study counted the number of companies that had successfully completed
and implemented at least one innovation project and benchmarked this
against different sectors.

It concluded that on average 60 per cent of manufacturing firms merited
the designation ‘innovators’ and 52 per cent of firms in knowledge-intensive
services, but only 30 per cent of transportation firms. The author notes, “To
date, there is scant knowledge of innovation management in logistics research
in general, and particularly in the transportation industry.”'* Much data was
quantified in this study to arrive at this conclusion with a method of counting
companies and enumerating single innovations. But is it a fair critique?

This study concerned ‘innovation management’ and ‘innovation implemen-
tation’, but did not clearly distinguish between the creation and the adoption
of innovations. ** More importantly, when speaking of logistics activity and
related innovations, we must be clear about the level of logistics activity in
order to place the commentary or critique in its proper context.

Innovations can impact upon logistics at many different levels, as illus-
trated in Fig. 1, extending downwards from the supply chain, to logistics sys-
tem design, to vehicle routing and scheduling, to vehicle loading, to operation,
and finally to vehicle design. Each of these levels in the hierarchy has its own
stakeholders and experiences different kinds of innovation. It is therefore
important to specify at which level you are considering innovation.

SUPPLY CHAIN STRUCTURE

LOGISTICS SYSTEM DESIGN

VEHICLE ROUTING AND SCHEDULIN

VEHICLE LOADING

VEHICLE OPERATION
LEVELS OF
VEHICLE LOGISTICAL ACTIVITY
DESIGN AND INNOVATION
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On the levels of design and maintenance, the stakeholders are vehicle and
equipment manufacturers. The levels of operation, vehicle loading, and ve-
hicle routing and scheduling, are the business of logistic service providers
(LSPs). Individual shippers carry out logistics system design. High level of
management of the supply chain is carried out by supply chain partners, such
as manufacturers, wholesalers and retailers, sometimes with the assistance of
4PL consultancies. It is at these higher levels that some of the newest concep-
tual innovations are found. In addition, there is much innovation in vehicle
design but the rate of uptake can be slow, particularly in the maritime and
aviation sectors where equipment has a long lifespan.

In assessing logistics innovations the rate of diffusion and adoption is
critical. The study counted the total number of German LSP firms which had
implemented at least one innovation, without putting them in the context of
their level of logistical activity. It could therefore not account for the scale and
impact of higher-level innovations.

The loading and driving of trucks has seen only marginal improvements
over the past 20 years. Around the world the road haulage industry is highly
fragmented at the operational level, with hundreds of thousands of trucking
companies competing intensely and earning narrow profit margins. For ex-
ample, there are 700,000 trucking companies in China alone. With trucking,
the vehicle replacement cycle is about 8-10 years on average, but in aviation,
shipping and rail replacement cycles can be 25-30 years. Against this back-
ground, vehicle-related innovations are normally gradual and incremental.

A consulting company that applies hi-tech innovations to redesigning and
maximising the overall efficiency of a supply chain, will have a much greater
impact on the overall system. This is what ‘4th party logistics’ has aimed to
achieve and is highlighted later in this chapter by a case study of the company
Eyefreight. Innovations in the middle level of vehicle scheduling and routing,
as well as driving, will be highlighted by a case study of the company Ecolane.
And finally, the culmination of design and economies of scale will be high-
lighted in a section on the Maersk Triple-E container vessel. An overarching
environmental vision drives all these innovations.

The environmental vision

The main driver of logistics innovation has been commercial, but over the
past two decades some developments have also been primarily motivated by
the need to reduce environmental impacts. Much of this has not been volun-
tary, as governments have imposed tighter environmental regulations forcing
truck manufacturers to be more innovative and find ways to reduce exhaust
emissions. There has also been a growing acceptance that improving envi-
ronmental performance is good business practice. Because logistics is a very
energy-intensive sector, carbon reduction and cost savings are closely cor-
related, so that today there is a convergence between business and environ-
mental interests. In this era of climate change when decarbonising logistics
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is a central concern, we can distinguish between mitigation and adaptation.

Mitigation concerns the innovations that reduce the environmental im-
pact of logistical activities: in developing better vehicles and equipment that
minimise the amount of energy required for moving and storing goods. It
also concerns the move to a renewable infrastructure to decarbonise elec-
tricity generation, but to build such an infrastructure requires large capital
investments and movement of large amounts of materials, such as steel and
concrete. In such a development, there is a significant ‘carbon payback period’
before a net saving in emissions can be made.

Separate from this is our adaptation to climate change: to what extent do
we need to redesign our logistics systems and reconfigure our supply chains
to reduce their vulnerability to adverse weather effects? With nearly 15 per
cent of the world’s population living in low-lying coastal areas, adaptation
will also concern logistical support for flood protection, climate-proofing of
infrastructure and the relocation of populations which live close to the sea.

NEW CONCEPTS AND INNOVATIONS

The problem with predictions

In this section we examine some trends, innovations and developments in
contemporary logistics, with all the jargon that comes with it. There has been
great excitement in the past few years surrounding 3D printing, the use of
drones for delivery and the ambitious concept of the ‘physical internet’. Each
of these innovations is currently being hailed as transformational in the longer
term, but any prediction should always be qualified.

For example, doubts were expressed in the 1990s that online grocery retail-
ing could ever succeed, but it is now a £6.5 billion market in the UK alone.
Conversely, it is not easy to tell whether an innovation will in fact lead to a
breakthrough, as some innovations in logistics hailed as the next big thing
have failed to be as transformational as predicted. These include Radio Fre-
quency Identification (RFID) and Supply Chain Event Management (SCEM).

RFID involves putting an electronic smart tag on items, a step beyond
barcoding. The cheapest are the passive RFID tags, which store information
that can be read. Active tags, which have a recording capability, can pick up
messages and communicate updated information. The most basic tags have a
range of around one metre and require specialised scanners. RFID tags have
a broad range of applications, including hotel room doors, animal tagging
and contactless payments. If RFID tags were universally adopted and placed
on individual grocery items, it would be enough for a shopping trolley to pass
through a gate to have all its contents scanned instantly. More than a decade
ago it was predicted that RFID tags would change supply chain management
altogether, that it would be known where everything was at all times. The
RFID Journal predicted that by 2008 world demand would grow to 30 billion
tags, but in 2013 only 5.9 billion tags were actually sold.
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Unlike the cheap and universally adopted barcode, the price of the RFID,
allowing tags to move down the unit load hierarchy from the container, the
pallet load and the case, down to the individual consumer product, has not
dropped as dramatically as predicted. The cost of an active tag (with battery
life) can range from $25 to $100, while the starting price for a basic passive
tag is in the region of $0.07-0.15, ' which is still too much for individual gro-
cery items. The cost of RFID readers ranges from $500 to $2,000. Another
problem was bad publicity.

In 2003, the UK supermarket chain Tesco experimented with RFID tags
on the small high-value items that are most frequently stolen: razor blades.
Privacy groups were up in arms, claiming the tags would track people to their
homes via satellite, although they only had a one-metre range. Protests were
held outside Tesco shops and the experiment ended after this PR nightmare.
The Guardian declared: ‘Tesco ends trial of CCTV spy chip on razor blades.’*®
The cost, bad press and lack of consumer understanding have not helped, but
the biggest reason that RFID has not taken off as expected is that its function-
ality is no longer unique or needed: RFID has simply been overtaken by the
cheaper combination of the QR-code and the smartphone, where a mobile app
directly accesses a supply chain management system.

Another concept that was portrayed as transformational by enterprise
resource planning (ERP) companies was Supply Chain Event Management
(SCEM). The idea was to break down the supply chain into a series of discrete
activities, many of which could be automated. Making this work required a
lot of advance planning, as well as complete visibility of supply chain pro-
cesses. Tolerances had to be defined and contingency plans built in to deal
with events falling outside the accepted range. While some IT companies be-
lieved that this was the future and a great software opportunity, it has not
lived up to expectations.

A SCEM system, coupled with the just-in-time concept, becomes extremely
complex as more and more contingencies are factored in. It is not just a matter
of a truck driver’s extended coffee break leading to a delay in the process flow.
The complexity increases exponentially if the SCEM system has to factor in
all the things that can go wrong, all the contingency plans that you need with
all of the interconnections in the system. A software solution should increase
efficiency by reducing complexity. The case of SCEM showed that it is more
effective to improve the integrity and reliability of the system, thereby minimis-
ing the chances that things go wrong in the first place, than trying to develop
elaborate contingency plans to correct them after they have occurred.

These examples illustrate attempts in the recent past to predict the next big
thing in logistics that have not been borne out by subsequent events. Nonethe-
less, major logistics providers such as DHL are exploring the interplay between
trends in technology and trends in society and business in order to anticipate
which innovations will lead to breakthroughs. In its scenario planning, DHL
is experimenting with the provision of Big Data services, 3D printing and ‘au-
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tonomous logistics’—or drones.'” But are 3D printing and delivery drones for
parcels simply riding the wave of the so-called ‘hype-cycle’, devised by the US
consultancy company Gartner, *® or will they be genuinely transformational?

3D printing was first invented in the 1980s. Commercial and domestic ap-
plications of the technologies have been developing for more than a decade.
3D printing offers a means of drastically reducing the amount of logistical ac-
tivity, replacing complex supply chains for manufactured products with much
simpler chains for the delivery of bulk materials to localised 3D printing op-
erations. It is remarkable how many logistics providers, including UPS, DHL
and the US Postal Service, are adding 3D printing to their service portfolios.
But how does 3D printing scale up? With a relatively slow process and the
cost of the printing material at around $50 a kg, the process is currently very
expensive compared to the scale economies of batch production. In order for
it to be a viable process, there is a need to attach a high value to customised
products. In addition, it is technically difficult to produce anything but simple
parts and there is a limited range of possible materials for printing. It is there-
fore unlikely that 3D printing will replace most conventional manufacturing
processes, but rather will split into niche applications such as an enterprise
service by logistics firms for the spare parts industry and a consumer market
for basic personalised items, such as toys for children. The spare parts indus-
try will be transformed by 3D printing, with inventories sharply reduced and
replacement parts simply printed on demand. While the technology is ground-
breaking, it will probably not supplant traditional manufacturing.

On the possible use of drones for delivery, we may similarly see some
niche applications, but not a large-scale transformation. Amazon and DHL
are experimenting with the use of drones for parcel deliveries, but there are
several reasons why drone delivery is unlikely to expand beyond a niche ap-
plication for a limited range of products. As the ‘everything store’, Amazon
carries a vast product range and inventory, whereas the added value of using
a drone is in quick same-day delivery, which has to be from a local fulfilment
centre. While Amazon has greatly expanded its network of fulfilment centres
in recent years, it is impossible to decentralise inventories of its vast online
product range. Nor does the drone model permit the scale economies of hub-
spoke distribution networks and the consolidation of last-mile deliveries in
viably-sized loads.

There are also technical problems: in the absence of a miracle in battery
technology, the range of drones is limited to 10 miles; the GPS will require a
high level of precision and it is unclear how to standardise household recep-
tion; and compared to conventional distribution methods, the energy cost
per order is likely to be high. In addition, there are some security and liability
risks: people can be injured or killed by drones dropping out of the sky or col-
liding with aircraft; or they may simply become a new prop for target practice
in upgraded clay-pigeon shooting.

It is very unlikely that authorities will approve of this commercial use of
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drones beyond a niche application for the rich. But Amazon’s publicity stunt
did achieve one thing: the role of drones in logistics has now become a talk-
ing point.

While we must take some predictions for the future and claims about the
transformational nature of certain innovations with a pinch of salt, there are
at least two interesting conceptual innovations in logistics: 4th party logistics
and the ‘physical internet’. The former is a type of outsourced supply chain
management that has been around for almost 20 years but is evolving into
new forms, and the latter is a far-reaching attempt to rethink the nature of
distribution.

4th Party Logistics

In logistics terminology, the first party is the one selling the goods; the second
party is the one receiving the goods; and the third party is the intermediary
who provides the intervening transport and storage services, ranging from
DHL and UPS, down to a small trucking company. In the mid-1990s, An-
derson Consulting (now Accenture) argued that a higher-level service was
needed, where a company would outsource the management of the supply
chain alongside the development of new business models. This 4th party lo-
gistics (4PL) service was seen as the culmination of a long-term process of
logistics outsourcing that started in the 1970s. During the late 1990s and early
2000s 4PL also followed the hype cycle, when exaggerated claims were made
about its likely impact on supply chains, but the number of true applications
of the principle fell short of expectations. With some innovations that are
over-hyped in their early stages, however, it is the timing and rate of dif-
fusion that is misjudged rather than the value of the new idea. It has taken
longer than predicted for the 4PL concept to mature and become accepted.
Meanwhile, however, the concept has benefited from major advances in IT
and software, which are now critical components in any 4PL offering.

The Physical Internet and Crowd Shipping

There is a great deal of spare capacity in freight and passenger transport
systems, which wastes money and energy and generates unnecessary emis-
sions. Two recently advocated concepts aim to reduce this excess capacity.
The physical internet concept aims to achieve this by applying the principles
of the digital internet to logistics, harnessing spare capacity for economic and
environmental benefit. ‘Crowd shipping’ is its corollary in personal travel:
encouraging passengers to use their spare carrying capacity on cars, bikes,
buses and planes to carry parcels for other people. Crowd shipping has had
an innocent start with a few cheerful websites, ' but it does raise serious
questions about liability and security. The typical questions asked at air-
ports, such as “Did you pack your own bags?” and “Are you carrying anything
for someone else?”, may start receiving awkward answers on a large scale.
When drug traffickers catch on to the business opportunity presented by a
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generation of unwitting tech-savvy mules, it may well become an air security
minefield.

The physical internet, on the other hand, is unlikely to be exposed to these
concerns, at least to the same degree. It is based on an ambitious vision that
may well enter the logistics mainstream in the coming decades. *° The idea is
to apply the concept of internet hubs to physical distribution. When an email
is sent, it may travel through hubs in different countries: its path does not
matter as long as it arrives at the appropriate server and email box quickly and
efficiently. The idea of the physical internet is to route freight consignments
in a way that absorbs spare capacity in transport systems (and other transport
modes), ensuring that they get to their destination on time regardless of the
route followed.

The Canadian professor advocating this concept, Benoit Montreuil, noted
that in the US trucks move around with 40 per cent of capacity unused, and
in Europe with around 30 per cent spare capacity. He added that in the US
in 2009 the industry average was that 20 per cent of all miles driven were
with a completely empty trailer.*" The presence of a physical internet could
significantly raise these vehicle utilisation levels. The digital internet is used
as a metaphor to create an “open global logistics system based on physical,
digital and operational interconnectivity”. ** In practice, it would mean that
a case of Rioja could travel from Spain to Sweden through a number of hubs
and countries, where it mattered less what route it actually took because it
was piggybacking on vehicles that would be moving anyway. The physical
internet is positioned as a separate system, alongside the digital internet and
the internet of things, which are described in the chapter of this book on the
impact of the cyber domain; the related energy internet is discussed in the
chapter on smart grids.

The champions of the physical internet go beyond the email analogy. In
their concept, they envisage a standardised, transparent and interacting global
network of networks, with the same framework filtered down to each conti-
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nent, country, state, city, facility, centre and processor. Logistics centres will
be designed for the physical internet. To make these automated facilities and
transport modes compatible worldwide, they also envisage a complete re-
modularisation of standard container sizes so that packages of different sizes
can be slotted together in a three-dimensional tangram as they are moved
across hubs to their destinations.

The operational challenges and costs of making this concept a reality are
potentially immense. It is probably for this reason that the physical internet
is seen as a very long-term development, perhaps not coming to fruition un-
til 2050 or later. This puts a safe distance between the innovators and those
charged with the practical implementation of the concept over the coming
decades, should it gain wide enough support.

Potential constraints on the realisation of the physical internet are not
only financial and technological—they are also human. Complete visibility
and transparency presupposes the willingness of shippers and carriers to
surrender tracking information to a decentralised network. These organisa-
tions and are known to guard proprietary information very closely, so this
will require a big change in mind-set. This ‘open distribution web’ is to be
an ‘interconnected set of open warehouses and distribution centres’, which
could ultimately supplant the hub-spoke networks of existing parcel carriers.
Because it envisages a complete re-modularisation of sizes in the unit load
hierarchy, it will mean writing off large investments in the handling systems
and possibly warehouses in use today. These transformations may encounter
more resistance than the innovators currently concede.

Nevertheless, with a physical internet, big data, cloud computing and a
new modularisation and automation, technologies could be more effectively
harnessed to generate economic and environmental benefits. And while the
reader may be forgiven for thinking this project sounds like an IT analogy
taken too far and verging on science fiction, the concept has recently gained
credibility with the support of the European Union’s new European Technol-
ogy Platform ALICE, which has adopted it as one of its core principles.* The
support from a big institution like the EU may well see the concept of the
physical internet materialise over the next decades. If this institutional sup-
port can help to translate the concept into a viable process of implementation,
then it has the potential to be transformational.

CASE STUDIES

We now turn to three case studies of innovative companies. They represent
three different levels of innovation in the hierarchy of logistics activity (figure
1). Eyefreight provides transport management solutions, and exploits concep-
tual and IT innovations on the upper two levels of supply chain structure and
logistics system design. Ecolane also introduces conceptual and IT innova-
tions but on the levels of vehicle routing and scheduling, vehicle loading and
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operation. And finally, the Maersk Triple-E represents literally the biggest
physical innovation in logistics in recent years, raising the maximum capacity
of a container ship by around 20 per cent.

Eyefreight

Eyefreight provides a comprehensive transportation management system
(TMS) which provides visibility, optimisation and collaboration in the world’s
complex shipping markets. Its global transportation management solution
supports the “five key processes of multi-modal, multi-leg, international
transportation management: order fulfilment, planning and decision-making,
transportation execution, cost settlement, and transportation analytics.” ** In
other words, its TMS service improves the entire spectrum of the supply chain
distribution network from order to delivery, and can be considered an inno-
vation in supply chain distribution strategy. What makes Eyefreight unique
from other TMS firms? Two key terms repeatedly emerge: order allocation
and visibility. *

Together with the University of Eindhoven, Eyefreight developed algo-
rithms to better allocate and fulfil orders. These algorithms provide plan-
ning intelligence that includes product location, optimal carrier and shipping
mode selection, and route optimisation. According to its CEO Ken Fleming,
“No other transportation management system available today provides this
level of automated advanced planning optimisation, and different clients take
advantage of different benefits the TMS provides.”*® For example, one client,
Heineken, has implemented the Eyefreight TMS in Romania, where it has sev-
eral breweries. Eyefreight’s ability to enable the dynamic allocation of orders
between these different breweries has led to a significant cost reduction, so
much so that Heineken achieved a return on investment in Romania in less
than three months.*”

For another client, Tata Steel, gaining supply chain visibility was the pri-
ority. The ability to react swiftly to deviations in shipping plans during the
shipping process cut delays. For example, if there is an unforeseen delay in
an ocean shipment of steel coils from the Netherlands to the US, Eyefreight’s
Control Tower functionality provides Tata with visibility over this delay. Tata
can then quickly make the decision to partially offload the coils in New York
when the carrier arrives and quickly transfer another part of the shipment
designated for New Orleans to trucks. Moving the coils overland rather than
shipping them via an ocean carrier to New Orleans allows the company to
catch up on the delay. There is an extra cost in doing this, but the cost is
greater if the just-in-time requirements for the steel coils are not met; after
all, the coils may be rendered worthless if they begin to rust.

Today Eyefreight is a growing technology company led by veterans of sup-
ply chain management who pride themselves on being a “nimble, adaptable
and collaborative partner to their customers.” Emerging from Itude Logistics,
their success came from the combination of skilled technicians and entrepre-
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neurs. Their patent-pending algorithms aim to create efficiencies in some of
the world’s most challenging shipping markets. Founded in the Netherlands
in 2009, Eyefreight has offices in Chicago and Sao Paulo with regional opera-
tions in the UK, France, Germany, Italy and Sweden.

Ecolane

Ecolane is a company that provides personal transport to hospitals along
non-fixed routes. As it offers a scheduling and dispatching solution, as well
as being a fleet operator, it occupies the middle zone of our ‘onion’ diagram
(Figure 1) relating to operational levels of logistics activity. The fleet manage-
ment system is continually adaptive. When a call is made for taxi transport
for medical needs, the coordinates are inserted into the software. These inputs
lead to continual adjustments to routing and scheduling for the fleet.

The origins of Ecolane lie in the ideas of Sami Poykko, a Nokia engineer
who carried out early research on combining location-based GPS technology
with services in the 2000s. While this is commonplace now with a whole
range of smartphone apps, it was ahead of its time when originally launched.
In his original idea he sought to use algorithms and location technology to
create a carpool ‘matchmaking mechanism’ for a consumer market, not as a
professional service provider. The company started in Helsinki and landed
its first contract when the government started organising transport for the
elderly. The company then transformed the matchmaking system into a sched-
uling system. The algorithms were developed to find the cheapest solution
per movement. 2

In 2008, the company reached the limits of the small market for these
services in Finland, and the decision was made to focus on the United States.
The US Congress had passed the Americans with Disabilities Act (ADA) 1990,
with amendments in 2008, which included rights for physical access and
public transport, as well as requiring the provision of paratransit services
on non-fixed routes. * The breakthrough came when Ecolane won a $12 mil-
lion contract in Pennsylvania. It currently carries out all ADA-related move-
ments for that state. Today the company is active in seven US states, has 40
employees and an annual revenue of $6 million. More than 70 systems have
been launched and implemented around the country with mostly government
clients outsourcing their transport management.

What is notable in this case is that the innovation emerged from within a
large company, Nokia, and while it invested in the start-up, it did not carry
it forward itself. The dynamic scheduling system only really took off with
the rise of the smartphone and tablet. All drivers are equipped with tablets,
and the system knows where they are at all times. The main challenges to
Ecolane have not been from competitors but gaining acceptance from clients
and changing mind-sets. Similar to concerns raised earlier with the physical
internet, the constraints on companies like Ecolane may not be technological
but human, when complete transparency does not necessarily sit well with all
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drivers. Nonetheless, this case is a good example of an innovation in dynamic
routing successfully implemented by a growing company.

Economies of Scale: the Maersk Triple-E

Within the vehicle design box in Figure 1 lies the Maersk Triple-E vessel,
the embodiment of scale economies in the deep-sea container sector. With
a length of 400 metres and width of 59 metres, the Triple E is a third longer
than the Titanic, longer than the height of the Empire State Building (ex-
cluding the top spire) and has as much steel as eight Eiffel Towers. Empty,
it weighs 55,000 tonnes and has the capacity to carry 18,000 TEUs. Maersk
has ordered twenty units from Daewoo Shipbuilding & Marine Engineering
in Korea at $190 million each, of which ten are in service and ten under con-
struction as of mid-2014. At the time of writing, an additional order for a fur-
ther batch of ten units has been delayed, but may well follow in the future. As
Marc Levinson, author of The Box, remarked, “When a company like Maersk
orders these vessels, it’s betting the company.”3°

According to Maersk, ‘Triple E’ stands for ‘Energy efficiency, Environmen-
tal performance and Economies of scale’.®' Energy efficiency and environmen-
tal performance are improved by the hull design and low fuel consumption.
With engines specially adapted to the now widespread practice of ‘slow steam-
ing’, the vessel travels at 16-19 knots, rather than the 23-26 knot average of
container ships before 2008. This combination of greater size, hull redesign,
higher engine efficiency and slow steaming results in a 50 per cent reduction
of CO- emissions per container. The economy of scale speaks for itself: with a
capacity of 18,000 TEUs the cost of moving a container is reduced by 20-30
per cent compared to other vessels on routes between Asia and Europe.

Not that all this is without qualification. Shippers tend to make large in-
vestments like this in good times but demand for the Triple E’s capacity is
not assured given the cyclical nature of the business. Maersk Group CEO Nils
Smedegaard Andersen admitted that achieving equilibrium between supply
and demand is “not an immediate thing”, and the industry will have to live
with overcapacity for some time. 3

The sheer size of the ship restricts its access to a limited number of ports
with the necessary capacity and draught. The Triple E is too wide to traverse
the locks of the Panama Canal, even after widening to handle larger ships is
completed in late 2014. The width of the Triple E allows it to carry an extra
row of containers but no North American port has cranes with that reach.
These factors limit the so-called ‘string’ of ports that can be visited on global
trade lanes.

The Triple E represents the latest stage in the evolution of containerisation
and economies of scale. Maersk has taken very large risks to make this move.
The overall utilisation, rate of return and payback period for Triple E’s will
be highly sensitive to future trends in world trade and market conditions. The
environmental benefit, however, is already here.
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CONCLUSION

This chapter has provided an overview of the major developments and innova-
tions in modern logistics. Unlike many of the other chapters, it does not focus
on a single breakthrough but rather on a whole range of innovations that have
had a profound impact on national survival, war, peace and global prosperity.
A recurring lesson is that the impact of innovations is maximised when tied
to an effective process of implementation—and when this achieves a marked
improvement over the previous situation.

Sometimes a physical innovation can bring about a major paradigm
change, such as the introduction of the container in 1956. Thereafter, the
growth of the container ship has been an evolutionary process over six dec-
ades that has culminated recently in the Triple E. Other modes of transport
have seen similar development: a revolution followed by evolution driven by
the desire to secure increasing economies of scale. Other physical innovations
such as drones and 3D printing are unlikely to transform logistics on a large
scale any time soon

Among conceptual innovations, we argue that the biggest impacts have
been achieved by integrating management, deploying the JIT principle, adopt-
ing the hub and spoke model and elevating the outsourcing of logistics to the
4PL level.

IT innovations overlap with both conceptual and physical innovations and
have extended from the telegraph to the era of cloud computing and Big Data.
The physical internet represents a daring and ambitious vision that essentially
combines physical, conceptual and IT innovations. The recent support of an
influential European Union committee gives it added credibility though there
is a risk that the promoters and supporters of the concept underestimate the
level of capital investment and cultural change needed to make it a reality.

While logistics is an industry in its own right, it is also the servant of other
sectors. Partly for this reason, the science, art, scholarship and business of
logistics is underappreciated and its role in circulating the lifeblood of our
civilisation demands greater recognition. Given the critical role of logistics in
creating a prosperous, sustainable and secure future for mankind, it needs a
healthy flow of innovations and enlightened management capable of imple-
menting them.
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CHAPTER 3

THE SILENT
REVOLUTION IN
AGRICULTURE

Despite its relatively tiny size, the Netherlands is the world’s
second largest exporter of agricultural products, after the
United States. It manages to achieve this extraordinary feat
by maximising the use of its resources in the most cost-
efficient and environmentally-friendly way, and because its
farmers have for centuries co-operated with each other and
with scientists and technologists to get the best use from
their land. The University of Wageningen, which started

life as the National Agricultural School in 1876, has played
a key role in this process by building on the pioneering work
of the German founders of modern agricultural science in
the nineteenth century. The university became the nexus
between agriculture, industry and government in
developing multi-disciplinary approaches to land
cultivation. The result was the concept known as the Law
of Wageningen. Each crop or animal has an optimal level
of production with maximum efficiency and minimal
pollution. The Netherlands has become the testing ground
for a succession of experiments and innovations which have
made the country a model agricultural producer, and which
have in turn been exported all over the world to help to
achieve a global revolution. This chapter describes the
breakthrough of the global influence of a concept of
agricultural optimisation developed in one small country.

THE KEY FACTORS IN THIS CASE STUDY ARE THE LONG-TERM
VISION, THE SCIENTIFIC CONCEPT, THE ITERATIVE PROCESS AND
THE ENVIRONMENT OF GLOBAL DEMAND. KEY LEADERS AND
INSTITUTIONS PROMOTED THE CONCEPT AS POLICY.
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INTRODUCTION: HISTORICAL CONTEXT

The Netherlands’ unique agriculture

After the United States, the Netherlands is the second largest exporter of ag-
ricultural products in the world. How is this possible for a country that has
only 0.48 per cent of the world’s used arable land and 0.23 per cent of its
population?

The Netherlands has a unique history of agriculture and horticulture. A
large part of arable land has been reclaimed from the sea and lakes. For more
than a thousand years alluvial land was surrounded by dykes, lakes were re-
claimed and swamps were drained. The floodplains along the major rivers were
dyked and drained in the last century, and even a large estuary was sealed off
to turn the Zuyderzee into a freshwater lake, the IJsselmeer, where the entirely
new province of Flevoland was subsequently reclaimed from water. The ini-
tiative for these large-scale projects came from landlords, large investors and
governments. However, daily management was largely in the hands of settlers,
either tenants or buyers of newly-dried land who were largely farmers.

In the Netherlands farmers are used to cooperating with each other, as
well as with landlords and government, because they have a common interest.
Farmers are principally autonomous and responsible for their own piece of
land. But if a farmer’s land, along with his neighbour’s, is below sea level on
the other side of the dyke, there is a shared interest. To keep the land dry, they
had no choice but to work together. Both landlords and farmers were very con-
scious of a need to cooperate, which resulted in the Middle Ages in semi-public
and public-legal governance structures (waterschappen) to control the water.

The Netherlands lies in the delta of north-western Europe, where the three
great rivers of the Meuse, Rhine and Scheldt meet the sea. This has had im-
portant cultural and economic consequences: the country is pre-eminently a
trading nation. Commerce got an extra boost in the colonial era, when many
adventurers from Amsterdam enthusiastically participated in explorations
and conquests. The success of the colonial expeditions went hand in hand
with the abovementioned ‘polder-tradition’ of cooperation. When a ship was
fitted out to make a risky voyage to a place like India, ordinary citizens could
invest and participate. This was also a common interest because not only the
ship owner or regent but also a large number of citizens had a stake in the
expedition’s success.

The Netherlands was the first country in the world to cross the urban
population threshold of 50 per cent as early as 1622, something which did not
happen globally until 2007. Trade and regular contact between the city and
the countryside were well developed early, which meant two things for farm-
ers: the urban areas and the coastlines of the great rivers created access for
farmers to reach other markets, and the possibility of exporting by sea came
into the picture very early.

The potential for high levels of surplus production was also there: much

40 ‘ BREAKTHROUGH: FROM INNOVATION TO IMPACT



CHAPTER 3 ‘ THE SILENT REVOLUTION IN AGRICULTURE

land was easily irrigated and fertile from sea and river clay. For less fertile
land, the farmers had to rely on scarce animal manure, because artificial fer-
tiliser did not yet exist.

Agricultural crisis and breakthrough

Halfway through the 19th century, Dutch agriculture was showing a mixed
picture. Large farmers who benefited from soil rich in clay were very pros-
perous, and in some regions dairy farmers and horticulturalists were making
good money from exports to England. But elsewhere many traditional farms
did not rise above their own subsistence. Towards the end of the 19th century,
however, a broad crisis erupted across the whole European agricultural sector.

In 1880, the market was flooded with very large amounts of grain coming
simultaneously from the endless plains of the American Midwest, Canada and
Ukraine. Domestic tobacco was crowded out by American varieties, and rising
industrialisation also led to the development of products that competed with
traditional agriculture: petroleum and gas replaced vegetable lamp oil; syn-
thetic dyes supplanted Rubia tinctorum madder; and butter faced increasing
competition from margarine.

This crisis led many European countries, especially Germany and France,
to respond with the weapon of protectionism and closing their borders to all
this grain. Newly modernising European states wanted to maintain domestic
agricultural production at any price, for they did not wish to be dependent on
others for their domestic food supplies. It is an argument that prevails to this
day around the world. The United Kingdom and the Netherlands, however,
did not engage in protectionism.

In the Netherlands the government convened a commission to focus on
these problems, and concluded that it was not in the interest of a trading na-
tion to carry out measures to restrict trade. Any such measure would provoke
countermeasures, which the Netherlands could not afford. The commission ad-
mitted that much work had been done, and much had been accomplished, but
more had to happen. Farmers had to keep themselves afloat with assistance
from the government, but not with subsidies. They were advised to cooperate
fully in the Dutch polder tradition, in which the government would participate.
In addition, legislation, regulation and the encouragement of research and
education were to make Dutch agriculture and horticulture strong enough to
position themselves in the world economy and compete internationally.

In this way, the basis was created for a sort of self-governance of the sector,
to which the government would be strongly committed throughout the next
century. A large number of agrarian organisations were formed very rapidly,
varying from local dairy cooperatives and Christian goat-breeding associations
to banks and broadly distributed state organisations.

Cooperation in the old polder tradition was carried on in a new form. In
the past, without cooperation the farmers would literally drown under water.
Now they cooperated to modernise their production and distribution pro-
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cesses to avoid drowning economically. Everyone started working together to
make the whole supply chain ‘from farm to fork’ more efficient: maximising
output, improving efficiency of production and distribution, and also refo-
cusing on transforming raw materials such as grain into products for which
there was demand from wealthy consumers. That is the moment when the
Netherlands took the lead in managing a major breakthrough — from agri-
culture to agri-business.

Another feature of the response to the 19th-century crisis was a new focus
on investment in knowledge and research. The National Agricultural School
was founded in 1876, which would later become Wageningen University. Fol-
lowing the crisis, knowledge was collected from all over the world and this
led to the development of areas of study that would grow into new academic
disciplines, including the studies of soil, fertilisation, and minerals, as well as
Mendelian genetics.

German agricultural science

The breakthrough from agriculture to agri-business in the Netherlands in
the 1880s was made possible by the combination of the Dutch tradition of
cooperation with the application of systematic scientific knowledge. In the
country, each region had its own local customs for building farms, treating
soil and raising animals; regional variability grew out of imitating past local
successes. This would dramatically change with the scientific revolution and
systematic knowledge applied to agriculture.

Local farming traditions were supplanted by impersonal calculations about
the fertility of soil, input-output relations and the general aspiration to max-
imise production. The most important part of this new revolution originated
in Germany, where the founders of modern agricultural science were Jus-
tus von Liebig (1803-1873), Georg Liebscher (1853-1896) and Eilhard Alfred
Mitscherlich (1874-1956). These men developed the concepts that Professor
C. T. de Wit (1924-1993) and his successor Professor Rudy Rabbinge would
further develop into the concept and paradigm that is now known as the Law
of Wageningen.

Justus von Liebig was a pioneer in agricultural science, biological chemis-
try and organic chemistry who first introduced laboratory-oriented teaching
methods for chemistry at university. He discovered that nitrogen was an essen-
tial element in fertilisation, and famines have been averted thanks to his inno-
vations. The most important concept that he developed was known as Liebig’s
Law of the Minimum, which stated that plant growth is not controlled by the
total number of resources available but by the scarcest necessary resource. The
limiting factor of growth is determined by the least abundant resource. Liebig’s
law was the general qualitative principle that enabled quantitative models to
be developed for the application of fertiliser in modern agriculture.

Georg Liebscher built on Liebig’s work and formulated the concept of
the Law of the Optimum, which stated: “The closer other production factors
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[editor’s note: like nutrients and water] are to their optimum, the better plants
can use a production factor in minimum supply in order to reach a higher pro-
duction.” Eilhard Alfred Mitscherlich would complement these insights with
mathematical equations, where the key principle can be understood as follows:
in agriculture we are dealing with biological processes that occur according
to fixed schedules. The closer you approximate the biological maximum — in
either vegetable or animal production — the closer you approach the economic
optimum, providing that all nutrients and productive inputs are fine-tuned.
Liebig’s law was often illustrated by a wooden barrel: the shortest vertical stave
determines how much water the barrel as a whole can hold.

To equate maximum economic efficiency in terms of maximal biological
production means that scientific evidence and understanding lie at the heart
of the social, cultural and economic factors that affect agriculture.

Concept: the Law of Wageningen

From the late 19th century onwards, when Dutch industry started to develop,
there was an unprecedented intimacy between it and the agricultural sector.
Because of close proximity and intensive communication between country
and city, there was never a great mental or cultural distance between them.
It is one of the reasons that the Netherlands never really had a feudal system.
With short physical distances and an abundance of water, industry started
paying attention to the agricultural sector, providing it with resources — such
as tractors, greenhouses and electricity — that helped it modernise rapidly.

The main principles of modern agricultural science, as developed in Germany
in the 19th century, were studied and applied around the world. Wageningen
University would be both the focal point where these concepts were studied, and
the place where they would be developed and crystallised further. The university
became the nexus between agriculture, industry and government.

In the post-war period it became the national mission of Wageningen to
focus on continually pushing Dutch agriculture forward. The 1950s and 1960s
saw the rise of multi-disciplinary approaches to agriculture. Many areas of
academic research that interacted with agriculture were developed at Wagen-
ingen. This period saw the introduction of agricultural economics, agricultural
politics, rural sociology, agricultural education (and extension education), ag-
ricultural machinery and mechanisms, and biological systems theory.

This period also saw improved public communications in a new process
where the triangle of research, education and public information campaigns
directed at farmers was formalised in mechanisms developed by Wageningen
together with the government. Initially the information campaign concerned
basic up-to-date education about the theory and meaning of plant food, the
quality of seed, and the possibility of replacing human labour with machines.
In later years, until the present day, the focus shifted to fine-tuning fertilisa-
tion, genetic manipulation and computerisation. All these measures would
lead to the lowering of production costs and increases in efficiency and value.
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The later 1960s through to the 1980s witnessed a transition from practical
questions to more theoretical ones, such as crop science and plant ecology.
With the rise of computing, the German concepts were combined with systems
theory. In this period, C. T. de Wit started developing computer models refin-
ing Mitscherlich’s equations, Liebscher’s Law of the Optimum and Liebig’s
Law of the Minimum to determine the optimally efficient use of nutrients to
maximise crop yield.

Building on their German predecessors, Professors de Wit and Rabbinge
developed the concept now known as the Law of Wageningen, which can be
summarised as follows: each crop or animal has an optimal level of produc-
tion, and the aim is to achieve this optimum in the most cost-efficient and
least polluting way per unit of production. If you achieve a maximal produc-
tion with optimal conditions, then you also use the least amount of land, the
smallest amount of inputs and minimal pollution. This insight has continu-
ously been tested and refined, and is ultimately the basis of the great economic
successes of Dutch agriculture and horticulture.

It is notable that key elements of optimisation theory contradict common
ideas about marginal returns. We are accustomed to thinking in terms of
diminishing returns: we can add more manure and water to our garden, but
after a while this will not increase the yield. While this is true, it is necessary
to look at the whole as a system. Increasing some inputs makes sense only
if other inputs are balanced to an optimal level as well. Stated the other way
around: if you produce optimally, then holding back any single input will
hold back production as a whole. Only such a systems-theoretical approach
considers the whole.

To illustrate: a typical cow can reach a maximum production of 8,000 litres
of milk per year. If it is underfed and produces half of that amount, milk will be
more expensive, and the ratio of pollution to return will also be higher. For this
reason, modern agriculture should strive to achieve the biological maximum
if it is to reach optimal economic output. As Professor de Wit once put it, low-
input agriculture is like burning down a forest in order to catch a pheasant.

The earth’s surface is 70.8 per cent water and 29.2 per cent land, or nearly
149 million square kilometres. Of the total land surface, 13.31 per cent rep-
resents total arable land, of which only 4.71 per cent is in use today support-
ing permanent crops. There is such a thing as a global theoretical optimum,
which is high enough to feed double the present world population with less
land than is currently being used. Perhaps this reveals why the aim to achieve
a maximum level of production in the Netherlands was so popular. Land was
scarce and expensive, and the focus was on increasing production per acre.

The concept in practice

In the period from the 1970s onwards, the Law of Wageningen was tested by
scientists and on farms. Theoretical insights and discoveries were immediately
tested for validity by academics working with farms and going out into the
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field to observe theories in practice. Results came back very quickly. Despite
its small size, the Netherlands has great variability in soil composition, leading
to a varied set of results being recorded by Wageningen on the basis of one
concept. This enabled researchers to quickly discover the main elements of
the concept that had universal validity, which would not have been possible
in a bigger country with less variation.

This was the iterative process in action: the concept was tested in the field
— to the point where academics would come out throughout the year to see
how things were going — and the feedback loop of results, trial, error and new
evidence would lead to continual refinement of the concept, which would ex-
pand and grow more robust. Professor de Wit had accomplished a scientific
breakthrough with the Law of Wageningen and it grew into a new paradigm.

New disciplines attached to his way of thinking as the concept was ex-
panded and refined. The concept next achieved a policy breakthrough after
Professor de Wit was invited to join the Netherlands Scientific Council for
Government Policy in 1985. This was an important breakthrough, as his sci-
entific concept achieved the status of a new norm and policy paradigm for
the whole country.

As the main elements of the concept of the Law of Wageningen were tried
and tested in the Dutch context, the concept would be refined to its universal
elements. This in turn would lead to its global influence and breakthrough —
the silent revolution and global impact of the Wageningen concept.

EVALUATION

Global influence

How can we assess the global influence of Dutch agricultural production the-
ory? While Wageningen is not the only agricultural university in the world
and C. T. de Wit was not the only one who worked on developing this con-
cept, he was a leading figure whose influence helped shape the university as
it is today, and whose influence is spread through his students. Professor
de Wit supervised 30 PhD dissertations, and his students have established
faculties at other universities modelled on Wageningen or hold positions of
international prominence. Professor Rudy Rabbinge serves as a senior adviser
on African agriculture at the United Nations, among other functions. Louise
Fresco was director of research of the Agriculture Department at the Food
and Agricultural Organisation.

Today, Wageningen University is a thriving research and education in-
stitute with more than 3,800 BSc students, 3,700 MSc students, 1,900 PhD
candidates, 6,500 permanent staff and an international student body repre-
senting 106 countries. No other agricultural university in the world works on
this scale, nor do any comparable institutions possess the same broad multi-
disciplinary and interdisciplinary scope as Wageningen. The Law of Wagen-
ingen has become a global standard with a deep global impact, because every
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single engineer trained in Wageningen will work to optimise output according
to this tried and tested concept.

Modern critiques

From the 1980s onwards, several environmental criticisms of the agricultural
sector have emerged. It was considered too large-scale and too polluting. Crit-
ics complained that agriculture had become an industry, without consideration
for animal welfare, the countryside, the environment or the quality of food.

When it comes to the countryside, the answer is simple: agriculture is an
industry to provide food for ourselves and to generate economic value. It is
not intended to be an open-air museum. Of course farming is a manipulation
of nature — it is meant to be. It is what distinguishes us from our hunter-
gatherer predecessors. The centuries-long Dutch efforts to reclaim land from
swamps, lakes and the sea to expand our civilisation should be seen as a hu-
man improvement on nature. The industrialisation of the agricultural sector is
a natural consequence of the ‘scientification’ and optimisation of agricultural
output. The Law of Wageningen concept is now computerised.

The greenhouse industry is one of the clearest expressions of this, which,
apart from possible damage from hail, is no longer dependent on the slings
and arrows of nature. Seeds and plots are managed by computer. The tem-
perature and light levels are regulated, and the application of fertiliser, water
and insecticide is regulated per plant, per hour. The computer has also en-
tered the cowshed, with the milk-robot doing most of the work, and individual
recognition of animals is used to determine how much they should be fed or
whether they require medical attention. This computerisation allows for large
numbers of animals to be kept with appropriate individual attention. While
the city-dweller may romanticise free-range chickens running around and pigs
idyllically enjoying the mud, the modern farmer will be content with hygienic
and disease-free buildings. In this way, the ‘optimal combination of produc-
tion factors’ is approached more closely than ever before.

When it comes to questions of pollution, the situation is more complicated.
The optimal combination of production factors has one important weakness
— that it is a general model. It may be the case that a traditional or organic
farmer leaves behind more pollutants per kilo product than his neighbour. If
that neighbour manages to produce ten times as much, he will pollute less per
kilo product, but will pollute more overall. The optimum calculated by theo-
retical agricultural scientists will never be reached, because the theoretical
optimum will always be constrained by the farmer’s immediate environment.

When it comes to the quality of food, one example may illustrate how
a particular critique was received and dealt with. The Germans had often
derided the Dutch tomato as a Wasserbombe — a water balloon. The capital-
intensive greenhouse industry, which exported two-thirds of its output, was
worried about the quality of its product and its image. It addressed the matter
proactively: new species of tomato were introduced and more energy-efficient
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greenhouses were built, with the result that today the greenhouse industry is
a leader in organic farming. This is an example of how the scientification of
agriculture has enabled quick responses and positive outcomes.

When it comes to the concept of the Law of Wageningen itself, environ-
mentalists and critics have been invited to and even joined the university.
Even if some criticisms or claims are made for ideological reasons, the evi-
dence will be tested and verified scientifically. The concept has survived and
is further refined in engagement with its critics. It is testimony to the maturity
of the Law of Wageningen concept that it is open to improvement — and this
too is an instance of the iterative process at work.

As sensibilities changed, so did the demands that were placed upon the
agricultural sector. The urgency of maximising food production to enable peo-
ple to survive in the post-war international markets was gradually supplanted
by considerations for higher quality and care for the well-being of animals,
nature and the environment. Apart from the ideology of environmentalists or
animal rights activists today, ethical questions remain about the individual-
ity of animals. Examples include those chickens whose body mass is made
to grow faster than their developing skeleton can support. It may well be the
case that future generations will not accept how animals are treated today.

The university is a mirror whose evolution reflects changing domestic and
international requirements. Its success is also its ability to adapt quickly to
changing social, economic and political circumstances. Food consumption
evolves in various civilisations from the basic needs of survival to the devel-
opment of the mass market, to convenience foods, to a high-quality diet, and
organic and hi-tech foods."

CONCLUSION

This chapter has described the breakthrough process of a silent global revolu-
tion in agriculture, which was epitomised by the University of Wageningen.
It is important to note that the breakthrough as such is not driven by Wage-
ningen but rather by global demand. The social and international contexts
are decisive here, and it is the requirements of these environments that are
reflected in the activities of Wageningen. The Wageningen concept of agricul-
tural optimisation also enjoys great global influence and impact — an influence
that is widespread and quietly revolutionary.

Was there a vision? The impulse for Liebig to look into optimisation of
agricultural output was prompted by his very early experiences. When he was
thirteen years old in ‘the year without summer’ of 1816, there was a global
subsistence crisis in the northern hemisphere. An ash-cloud winter followed
the 1815 volcanic eruption of Mount Tambora in what is now Indonesia — a
blast that was less well-known but ten times more powerful than the Krakatoa
eruption of 1883. It is thanks in part to von Liebig’s innovations that it was
the last subsistence crisis in the Western world caused by nature.
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Justus von Liebig’s pioneering Law of the Minimum, Georg Liebscher’s
Law of the Optimum and Eilhard Alfred Mitscherlich’s equations all formed
the basis which Professor C. T. de Wit would combine with biological systems
theory and the first computer simulations. The development of the Law of
Wageningen concept occurred in the university, but the laboratory was the
country of the Netherlands.

The concept itself prescribes the ‘strategy’ and plan of action. The academ-
ics who developed the theoretical models of optimisation worked directly with
farmers to test the concept. The variability of Dutch soil and its uses enabled
a broad range of results to be fed back to the university, where the academics
could aggregate local results to draw the big picture of a universal concept.

The iterative process was at work here, and with testing, trial, error and
improvement, the concept was continually expanded and refined. The iterative
process was similarly at work with the engagement of modern environmental-
ist critiques that led to further development and improvement of the concept.
It is testimony to the maturity of the concept that after the scientific commu-
nity engaged with the critics’ claims, the scientists tested them for evidence
and were willing to change.

As sensibilities have changed, so has the university. The original require-
ment — and urgency — was to innovate to maximise production in the small
but fertile country of the Netherlands. Testing and retesting the concept of the
Law of Wageningen by maximising economic value — optimising biological
processes with minimal input and higher capital intensity — leads to lower
costs per unit of product.

The requirement to produce the maximal volume of affordable foods was
supplanted by considerations of better quality, demand for organic foods,
concerns for sustainability, animal welfare, pollution and protecting nature.
Agriculture serves two masters: the international market which, given mini-
mum constraints, demands the lowest possible price; and the highly-devel-
oped urban environment, which sets standards for the treatment of animals,
the environment and nature. The outcome of this trade-off seeks to identify
the right balance between environmental and social sustainability.*

In the ongoing process of the development of agricultural science, Wage-
ningen was an important station, a nexus of science, policy and society; and
a hub that trains scientists and leaders for other institutions. When different
factors compete, the course of the concept has emerged from a balance be-
tween varying economic, political and environmental requirements.

The global influence of the Wageningen concept is widespread because it
successfully meets the requirements of multiple environments. This influence
continues to grow, offering the hope of making hunger a thing of the past.

Once a civilisation has crossed the threshold of fulfilling the basic needs
of its population, then individual liberty greatly increases. One of the most
important liberties is the freedom to study and carry out research without
impediment.
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CHAPTER 4

DRIVEN BY
NATURE:
THE FUTURE

OF THE ARCTIC

Innovative international co-operation will be the key to the
future of the Arctic. Climate change will drive the process as
it offers the opportunity to open new trade routes and exploit
the polar region’s vast natural resources amid the receding
ice pack. The five littoral Arctic countries—Russia, Norway,
Denmark (with Greenland), Canada and the United States—
have developed different strategies for the protection and
development of the Arctic which are examined in detail in

this chapter. But other international powers and
organisations, such as the European Union, Nato and China,
have a stake too and are moving to extend their influence and
interests. All of them work under a complex framework of
international treaties that govern the region, but their track
record of co-operation is mixed. In the years ahead, the Arctic
offers the tantalising prospect of innovative new multilateral
deals and agreements over security, economic development
and environmental protection. What is lacking at present is
the leadership to achieve these challenging but vital goals.

THE KEY FACTORS ARE INTERNATIONAL AND NATIONAL VISION
AND THE NATURAL AND POLITICAL ENVIRONMENT.
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INTRODUCTION

We live on the threshold of the greatest climatic change in recorded human
history. The earth and oceans are warming, and the Arctic region is warming
at twice the rate of the rest of the planet. Where the planet has warmed 0.7 °C
since 1951, the Arctic region has warmed 1.5 °C. In the coming century, the
world is expected to warm 2 °C and the Arctic will heat up 3 to 6 °C." These
trends of nature coincide with the age of man, for human activity is the long-
term cause for a warming earth and oceans. In the warming Arctic, human-
kind is forced to innovate and adapt to a breakthrough driven by nature.

The changing natural balance of the Arctic region is adjusting the strategic
balance, as the receding ice is creating new access to natural resources and
trade routes. For regional powers this is a test as to whether a range of issues
can be managed responsibly. These include bilateral and international agree-
ments; the settlement of outstanding maritime boundary disputes; effective
and responsible use of new lines of maritime communication; competition and
cooperation over natural resources; and the development of adequate naval
and security capabilities required to match a new range of economic activities.
It also requires prudent protection of the environment and the ecosystems
that underpin the way of life of native populations.

In this chapter we will examine these natural and international develop-
ments that lead nations to innovate as they articulate visions, guiding prin-
ciples, policy concepts and strategic goals. These processes, from vision,
concept, strategy and implementation, are visible on both the international
and national levels. We have interviewed key stakeholders with responsibili-
ties for the Far North, and we consider their priorities and whether opportuni-
ties are being recognised and seized.

There are great challenges ahead in a region with a thinly spread human
population, limited infrastructure, incomplete knowledge, inadequate govern-
ance, and significant resource wealth. Competitive and cooperative efforts are
converging in a new set of industrial activities, legal frameworks and safety
regimes. The trends of nature will force a natural breakthrough without our
permission, but it is in our power to secure greater cooperation, security and
economic efficiency for the century ahead. Will we also innovate and develop
the necessary leadership to accomplish breakthroughs in our human arrange-
ments?

BACKGROUND: TRENDS AND VISIONS

Natural trends and incentives

The climate is changing because of global warming trends, with the greatest
part of heat content building up in the oceans. Because a changing climate has
a multiplier effect on existing national and international security concerns,
such as food, water and energy, it is an area of strategic concern. The global
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consequences of these trends include increased variability in weather patterns,
rising sea levels, floods, droughts, ecological extinctions, population displace-
ment and uncertainties in crop yields and food supplies.® Sea ice has receded
in the Arctic in a consistent trend since the middle of the twentieth century
with an average 8 per cent decline per decade of summer sea-ice. And because
of several reinforcing cycles, the rate of heating in the Arctic Circle has ac-
celerated at more than double the global average.® While many factors play
their part and short-term predictions are not possible, the large-scale trends
point in one direction: the Arctic will see its first ice-free summer in 2030.

The natural breakthrough of the contracting northern ice mass is cre-
ating new access to mineral resources, energy resources and lucrative new
trade routes, elevating the economic and strategic value of the Far North. A
geopolitical synergy is occurring in which the three conditions for industrial
development are converging in energy, raw materials and transport.* With
the rising importance of the region, we are witnessing a complex mechanism
of developing international and national visions, policies and strategies. The
ongoing natural breakthrough is spurring processes on the international and
national levels: the outcome of these movements will be more than the sum
of its parts.

The Arctic is not the scene of a great national scramble or ‘land rush’ for
territory and resources leading to an ice-cold war.° It is a highly regulated area
covered by the UN Convention on the Law of the Sea (UNCLOS) and other
instruments. More than 95 per cent of its natural resources lie within agreed
national boundaries, internal waters, territorial waters, contiguous zones, ex-
clusive economic zones or continental shelf claims. International legal frame-
works provide ample mechanisms and precedents for settling outstanding
disputes. National and corporate economic interests are stabilising factors
that create incentives for states to settle disputes and cooperate economically.

The littoral Arctic five countries — Russia, Norway, Denmark (and Greeen-
land), Canada and the United States — and others have articulated shared
visions that established the core principles, the institution and the concept
of the overall legal framework. The two most important international break-
throughs, from which other developments are derived, are the establishment
of the Arctic Council in 1996 and the Ilulissat Declaration of 2008.

International visions

Two international visions have been articulated for the region, in the estab-
lishment of the Arctic Council and the Ilulissat Declaration, which named the
UN Convention on the Law of the Sea as the legal regime for the Far North.
Both visions are reflected in concepts and initiated processes.

The 1996 Ottawa Declaration established the Arctic Council with the mod-
est vision of “promoting cooperation, coordination and interaction, with the
involvement of indigenous communities and other Arctic inhabitants on com-
mon Arctic issues, in particular issues of sustainable development and en-
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vironmental protection in the Arctic”.® The core membership is made up of
the littoral five Arctic states, together with Iceland, Finland and Sweden. Six
organisations representing indigenous peoples have the status of Permanent
Participants with “full consultation rights”.” Voting is by consensus of the
eight core states. Following the Kiruna ministerial meeting of May 2013, the
permanent observer states have been expanded to 12 members.®

The core mission of the Arctic Council is scientifically driven, and the ac-
cession of a widening circle of observer states and institutions was determined
by what states could bring to the table in the physical or social sciences. In
the early years the Arctic Council was a small outfit, but important expertise
and assessments were developed there. ® In the first 16 years of the Council its
importance has grown. At the 2013 Kiruna meeting, a new shared vision was
articulated for the next 16 years with a greater emphasis on human develop-
ment. The Kiruna Vision for the Arctic stresses core principles and aims for
peaceful cooperation, a safe home for indigenous peoples, prosperity, sus-
tainable development, economic cooperation, the development of knowledge,
and further strengthening of the Arctic Council.*® Almost all national Arctic
policies and strategies echo these principles. The increased global interest
in the Artic Council is also a breakthrough and testimony to its success and
strategic importance. *!

The most important legal vision and concept agreed by the Arctic Five was
articulated at the Arctic Ocean Conference in May 2008 in Ilulissat, Green-
land. An underappreciated milestone and breakthrough, the Ilulissat Declara-
tion affirmed two core principles: firstly, that the adequate legal regime and
mechanism for settling disputes in the Far North is the international law of
the sea for all “rights and obligations concerning the delineation of the outer
limits of the continental shelf, the protection of the marine environment, in-
cluding ice-covered areas, freedom of navigation, marine scientific research,
and other uses of the sea.” ' The Declaration also implied that it was not nec-
essary to develop any other general legal regime for the region. It definitively
put to rest the idea of an ‘Arctic Treaty’, analogous to the Antarctic Treaty of
1958, that was the fantasy of certain environmentalists. "

What is not included in these overarching visions, however, is any se-
curity concept. A footnote in the original 1996 declaration clarifies that the
Arctic Council “should not deal with matters related to military security,” but
two legally binding operational-level agreements for safety have been con-
cluded under its auspices: a search-and-rescue (SAR) agreement in 2011, and
an agreement on oil-spill prevention and response in 2013, strengthening
existing SAR cooperation already present in the Arctic. As constabulary and
safety tasks, it was not controversial to take these up in the Arctic Council,
which cannot host a military committee.

In practice, however, safety and security will overlap. To carry out constab-
ulary responsibilities over large areas with difficult access, coastguards will
have to call upon air forces or navies with greater reach. But in the absence
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of a regional concept for an international security framework for the region,
ad-hoc military-to-military meetings and joint exercises have taken shape.

Outside the Arctic Council an informal arrangement of an annual meeting
of Northern Chiefs of Defence (ChoDs) has recently filled this vacuum. ' The
first two ‘Arctic ChoDs’ dialogues took place in April 2012 and June 2013,
which focused on developing guidelines for cooperation and the practicalities
of search-and-rescue capabilities and support for civil authorities. In addition,
the coastguards of all Arctic states meet at the North Atlantic Coast Guard
Forum.'®

Admiral Bruun-Hanssen, the Norwegian Chief of Defence, described this
new inclusive role for the armed forces: “This is a regional focus, it is not a
single-sector focus on a region. We see different parties and different ap-
proaches to the entire region, and that’s what gives us armed forces an inter-
esting and inclusive role, because we become a sort of Swiss army knife — a
multiple tool for a lot of purposes.”"”

This ChoDs network is consciously not a NATO project in order to prevent
any Russian allergic reaction, but this forum will be vulnerable unless over
the long term it is embedded in a more solid concept of an institutional frame-
work to enable its development into a regional security architecture. After two
productive gatherings, however, there had been no meeting in 2014. But the
creation of this military dialogue still represents an important breakthrough
that derived from the national dialogue initiated by the Artic Council. *® These
efforts are also complemented by joint military exercises. ' All these are useful
steps, but a stronger institutional basis will be needed for a genuine integrated
and allied security framework, if the outcome is to be more than the sum of
its parts.

Beside the Law of the Sea and the work of the Arctic Council, additional
topic-specific concepts are being developed in a variety of institutions. The
International Maritime Organization is developing a mandatory Polar Code
for shipping standards. *° As Chair of the Arctic Council for 2013-2015, Canada
prioritised supporting the IMO in the development and passage of the code.*!
The European Union and NATO have also shown interest in the region and
the circle of observer states is growing. Cooperation has also increased for
deepening scientific understanding, for the protection of the northern en-
vironment and ecosystems, and the well-being of the peoples of the North.
Converging natural and political trends are bringing about a number of in-
novations and international breakthroughs.

The Tlulissat Declaration articulated a shared international legal vision
and declares an existing treaty the legal concept for the region. Pointing to
an existing concept solved and prevented many problems, and UNCLOS is
treated as a general framework and ‘constitution’ for the region. The treaty
provides for a framework of environmental protection and resolving maritime
boundaries. The establishment of the Arctic Council articulated a shared envi-
ronmental, developmental and economic vision, and it has been followed up
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with joint research efforts, development programmes and two safety agree-
ments. But with a limited scope on economic and environmental matters, the
Arctic Council has no decision-making authority. Neither vision can pave the
way to regional concepts of either governance or security.

Security and governance concepts are carried out on the national level,
bilaterally or improvised informally. We next consider the resource claims, na-
tional visions, policy concepts and strategies. The natural process has awoken
expressions of international vision, but these are still largely carried out within
states whose priorities differ. Individual nations and subnational groups pur-
sue their interests in cooperation and competition with each other. In the his-
tory of the pursuit of resource exploitation, competition for the riches of the
region, however, is nothing new. The receding ice is creating access to both
resources and trade routes. What are the players competing for?

CONCEPTS: RESOURCES, ROUTES AND BOUNDARIES

Access to natural resources

Exploration for natural resources in the Arctic Circle goes back many centu-
ries, since the discovery of Spitsbergen by the Dutch explorer Willem Barents
in 1596; and competition between nations for northern riches is nothing new.
In the Spitsbergen archipelago, English and Dutch whalers competed in the
seventeenth century; Norwegian and Russian hunters competed in the next
century; and in the nineteenth century a coal industry was created that oper-
ates to this day. Russia had sought to increase control over Spitsbergen, but
Norway enforces its sovereignty there in accordance with its interpretation of
the 1920 Spitsbergen Treaty.** Since Barents’s explorations, such competition
for control over Arctic lands, waters and resources has been a staple of the
region. Today, the main prizes in the Arctic are minerals, energy and fish.
Given that nearly all maritime boundaries are settled, the pursuits of these
economic interests is a stabilising factor, because all concerned stand to gain
more from cooperation and shared risk.

The new treaty delimiting the maritime boundary between Russia and Nor-
way in the Barents Sea is a promising example of a formalised mechanism for
resource sharing. ** With fish stocks at their highest level in 60 years, Norway
has generously given 40 per cent of its fish quota to Russian fisheries and
takes a ‘business over bullets’ approach of economic incentives and fines to
regulate activity.**

North of the Arctic Circle there are diverse mineral resources.*® There are
active mining industries in Alaska, Canada, Greenland and Scandinavia, as
well as many Russian Arctic mining operations around Murmansk, Norilsk
and the Kola Peninsula. Greenland has great potential for mining iron, ura-
nium, diamonds, rubies and, above all, the largest deposits of rare earth min-
eral outside China.® The entire region has great hydrocarbon energy deposits.

In 2008 the US Geological Survey published the Circum-Arctic Resource
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Appraisal, which concluded that the region contains 30 per cent of the world’s
undiscovered gas and 13 per cent of the world’s undiscovered oil, mostly off-
shore under less than 500 metres of water. *” In this assessment, undiscovered
natural gas is three times more abundant than oil.

By 2007, more than 400 oil and gas fields, containing 40 billion barrels of
oil, 1,136 trillion cubic feet of natural gas, and 8 billion barrels of natural gas
liquid had been developed north of the Arctic Circle. It is estimated that 84 per
cent of the undiscovered oil and gas lies offshore. The total mean undiscovered
conventional oil and gas resources are estimated to be approximately 9o bil-
lion barrels of oil, 1,669 trillion cubic feet of natural gas, and 44 billion barrels
of liquid natural gas. Altogether, the Arctic region contains around 25 per
cent of the world’s undiscovered conventional hydrocarbon energy resources.

Because more than 95 per cent of these northern resources are found
within the jurisdictions of agreed national and maritime boundaries, ?® the
economic competition is not between nations, but rather between multina-
tional corporations competing for national contracts and concessions. For
purposes of risk-sharing and technological support, it is in the strategic inter-
est of Norway as much as of Russia to attract investment from energy com-
panies. These interests and incentives drove the decision to settle the Barents
Sea maritime boundary, and it is the absence of such incentives that is holding
up settling the disputed maritime boundary between the United States and
Canada in the Beaufort Sea.

Access to northern routes

The most strategically sensitive resources are the new maritime lines of com-
munication opened by receding ice. The new routes present an opportunity
for unprecedented efficiency, with 40 per cent distance reduction, and similar
reductions in fuel and CO- emissions. * Significant savings are possible in
time, fuel cost and insurance cost, with shorter distances and the absence of
insurance ‘piracy premiums’ for the passage between the Gulf of Aden and
the Suez Canal.

China is particularly interested in the Arctic, because the route from Shang-
hai to Rotterdam or Hamburg across the Northern Sea Route over Russia is
10,000 km shorter than through the Panama Canal; or 6,400 km shorter than
through the Malacca Strait, Gulf of Aden, Suez and Gibraltar. The route from
Shanghai to New York is 3,000 km shorter through the Canadian Northwest
Passage than through Panama. For supertankers that normally go around the
Cape because they are too big to pass through the Suez Canal, the prospect of
a northern route is even more profitable, although with a greater distance from
the shore they might need to lease an escort to break the ice.

The natural trends differ between Russia and Canada, however, resulting
in different policy and strategy priorities. While in Russia the receding ice has
already created new northern shipping opportunities for seasonal transit, the
ice will not disappear from the Canadian Northwest Passage any time soon.
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Even if the Arctic is ice-free, the Canadian archipelago will be the last to clear
its sea ice.%°

But not all shipping will concern serious transit and energy. There will also
be leisure. More than five million tourists visit the broader Arctic each year
and cruise tourism in the northern seas currently represents 10 per cent of Arc-
tic shipping.3' Because tourists want to see “cool stuff”,3* cruise tourism may
become very hazardous activity for which search and rescue capabilities are
currently inadequate. A major shipwreck could have disastrous consequences.
In 1989, the Soviet cruise liner TS Maxim Gorky crashed into an iceberg, but
the Norwegians managed to rescue everyone on board because they happened
to be close.

For these reasons, Russia is currently investing the most in building the
infrastructure to support and secure increased economic activity, in all areas
of transport, energy and natural resources. Canada and Russia are careful
about admitting unrestrained shipping to the northern routes, for reasons
of sovereignty and environmental protection. But with the right conditions
and management, both countries stand to gain from overseeing viable trade
routes. These passages are the principal reason that China and the European
Union have been clamouring to be admitted as permanent observers to the
Arctic Council, in order to secure non-discriminatory trade privileges. Russia
has a keen interest in developing effective logistics for the Northeast Passage,
not only to support transit, but especially to bring Russian resources to the
world market. 3

The new trade routes are strategically the most sensitive issue in the Arctic.
Their success will depend very heavily on great power relations, because in
the Bering Strait, Russia is on one side, the US on the other and China is in
between. If one of the three has a problem with any of the other two anywhere
in the world, the Arctic would be the place to cause a nuisance. A standoff is
unlikely to be initiated in the Arctic itself. However if tension builds up be-
tween US and China in the South China Sea, the Chinese could counter this in
the future by sending a nuclear ballistic missile submarine (SSBN) to the Polar
Seas or carrying out another military action in the Arctic that could trigger a
more systematic militarisation. 34

Developing northern trade routes still requires big investment in special-
ised shipping and icebreaker capacity; in refuelling and support logistics; and
in search-and-rescue capabilities. The big question is when these routes will be
ready for maritime transit traffic on a larger scale. A quick answer is that it will
happen when these investments are covered by the revenues they generate. 3>

Boundaries and Claims

If we take the view from a helicopter, we can see that almost all boundaries are
agreed. Only one territorial and one maritime boundary dispute are outstand-
ing, while rapid change and economic interests brought about breakthroughs
such as the 2010 settlement of the maritime boundary of the Barents Sea
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FIGURE 1

VIEW OF THE
FAR NORTH,
SHOWING THE
TERRITORIAL
WATERS AND
CONTINENTAL
SHELF CLAIMS.
SOURCE, IBRU*

between Norway and Russia. As the culmination of a process that started in
the 1970s, this treaty is a major accomplishment. 3°

Almost all maritime boundaries are settled. West past the Spitsbergen ar-
chipelago, the areas between Norway and Denmark’s Greenland have been
resolved in a series of agreements.?” Between Alaska and the Northern Ter-
ritories, the only outstanding maritime boundary dispute in the Beaufort Sea
is north of Alaska and the Yukon Territories. Between the west of Greenland
and the Canadian Ellesmere Island, the maritime boundary in the Davis Strait
was settled in 1973,3® except for the uninhabited rock of Hans Island, which
remains the only outstanding territorial dispute in the Far North. As we shall
see, this rock played an important part in the Canadian elections of 2006.

North of the territorial waters exclusive economic zones extend up to 200
nautical miles, and beyond there are claims on the continental shelves for
an additional 150 nm. In accordance with the UN Convention of the Law of
the Sea, a Commission for the Limits of the Continental Shelf (CLCS) was
established in Paris, where these claims are under review. The deadline for a
coastal state to submit a claim is ten years after its ratification of UNCLOS. %
Russia, Norway and Canada have submitted claims to the CLCS.

* International Boundary Research Unit, Durham University, UK. For a detailed coloured map with
key and briefing notes, please consult: www.dur.ac.uk/ibru/resources/arctic/
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In the summer of 2012 Denmark leased the strongest Swedish icebreaker,
Oden, and took 46 scientists on board to gather seismic data to back up the
Danish claim, *° which will be submitted before their deadline of 16 November
2014. Canada, Russia and Denmark are making overlapping claims to the
Lomonosov Ridge and the geographical North Pole, and each is presenting
arguments to the CLCS based on scientific and geological, rather than politi-
cal or legal argument. The Lomonosov Ridge spans 1,800 km from the New
Siberian Islands to Canada’s Ellesmere Island and, at four times the length of
Arizona’s Grand Canyon, is the largest canyon on the Earth’s crust.

The Danes will claim that the Lomonosov Ridge is an extension of Green-
land, the Canadians claim that it is an extension of the North American land-
mass, and the Russians argue that it is an extension of the Siberian landmass.
Because the CLCS assesses claims on their scientific merit, and does not ad-
judicate territorial disputes, it is entirely possible that the commission will
conclude that the rules apply to all claims and tell the three claimants to sort
it out among themselves.#' If they have a desire to settle, they can turn to
the International Tribunal for the Law on the Sea, the International Court of
Justice, or arrange ad hoc arbitration. In this scenario, it is also possible that
one or more parties might not be able to resist political grandstanding.

Because the US has not yet ratified UNCLOS — and the Danes are the last
of the other four to submit their claim to Paris — the Danish deadline of 16
November 2014 applies to the US as well. If the US Senate fails to ratify UN-
CLOS, and the State Department fails to submit a claim before that date, the
US will lose an important window of opportunity.

POLICIES AND STRATEGIES

Every state pursuing territorial or economic claims in the Arctic region does
so with a legal, diplomatic and security strategy derived from a vision and
concept for the future of the Far North. The 1996 Ottawa Declaration first
affirmed a shared vision in a number of key principles, most notably commit-
ments to the wellbeing of northern peoples, sustainable development, pro-
tection of the environment, international cooperation, and the advancement
of science and research in all these areas. All these principles have trickled
down and are reflected in the concepts of the published northern policies and
strategies of the wider Arctic Five, the EU and the non-littoral states Finland,
Sweden and Iceland.** This general agreement on the level of international
vision is a positive development, but with regard to policy concepts and strate-
gies there are important differences in emphasis and strategic priority. The
littoral Arctic Five all emphasise sovereignty and national security, whereas
the non-littoral states and the EU highlight international security. Russia em-
phasises development of infrastructure, whereas Canada has recently made
the development of northern peoples the priority in both domestic policy and
its Arctic Council chairmanship.
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In some cases, we see Arctic policies that are called ‘strategies’, but lack a
genuine strategy. The difference is that a policy is more limited. A policy is a
concept that states the preferences and goals of a government or a ministry.
But without a comprehensive means of placing those goals in a process, the
concept is not translated into a strategy. A viable strategy must have three
characteristics: it should be comprehensive or integrated among a whole gov-
ernment or alliance; it should concern the long term; and it should incorporate
a mechanism for dealing with a dynamic interaction with other players.+3

Several of our interview subjects have expressed a desire for good sce-
nario planning capabilities, on the national level and in the Arctic Council,
as well as in assessments of ecological resilience.** As we shall see, the Rus-
sians and the Chinese can be said to have comprehensive international strat-
egies, whereas Canada has the most comprehensive domestic Arctic strategy
and policy framework. All these national movements, taken together, reveal
a breakthrough process that is still ongoing. We next examine the players in
turn: Russia, Norway, Denmark, Canada, the US, China, the EU and NATO.

Russia

The Russian Federation is pursuing a comprehensive grand strategy for the
Arctic region, economically, politically and militarily. With the widest northern
border, covering more than 50 per cent of the Arctic coastline and around 60
per cent of Arctic land, Russia has the biggest exclusive economic zones and
continental shelf claims. Natural geography gives Russia the largest slice of
the Arctic pie in accordance with international law and custom. The Russians
therefore have no incentive to make a fuss over minor boundary disputes.
Where Russia may behave recklessly in other parts of the world, she is
in fact very cautious in the Arctic region. When the 2007 flag-planting stunt
beneath the North Pole caused uproar among other Arctic nations, the govern-
ment quickly disowned the incident as a private act by an eccentric billion-
aire. Russia knows her interests are best secured through cooperation, even if
at times there is a measure of double communication between international
conciliation and outbursts of nationalist rhetoric for domestic consumption. >
In 2008, the Russian government published an Arctic strategy that stresses
the economic and strategic importance of the region, and the means to protect
these interests. 4 The document elaborately asserts sovereign rights over ter-
ritories and maritime claims in accordance with Russian and international
law, and goes on to specify national interests of the Arctic zone as a strategic
resource for Russia’s wealth and global competitiveness. The Northern Sea
Route is described in terms of “national integrated transport communica-
tions”.#” The document outlines a methodical strategy for control, detailing
investment, formalisation of boundaries and claims, and logistical develop-
ment to consolidate the Arctic zone as a leading strategic resource base. *®
Military security is emphasised for the “protection of state borders”; it is
a priority to “ensure favourable operating conditions in the Arctic zone of the
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Russian Federation, including maintaining the necessary combat capabilities
of troops (forces) of the general purpose of the Armed Forces of the Russian
Federation, other troops, military formations and bodies in the region.”+°
With the Siloviki (security services) firmly in control, the document notes
the central role of the Federal Security Services (FSB) for protecting national
interests. Unlike other countries, the Russian Coast Guard is a well-armed
paramilitary force that is a part of the Federal Border Guard, which in turn
is part of the FSB.

With dwindling output from Siberian oil and gas fields, President Putin
has noted that “offshore fields, especially in the Arctic, are without any ex-
aggeration our strategic reserve for the twenty-first century.”° To develop
these resources, Russia desperately needs new capital and technology. The
Russians needed the maritime boundary agreement with Norway, because
they intended to use it and share risk. In a three-week period after it was
signed in April and May 2012, the Russian oil giant Rosneft signed deals with
ExxonMobil, Eni and Statoil. %'

After the invasion of Iraq, the US sought alternatives to the Gulf and
started importing oil from Russia. After several hundred tanker shipments
a year, this demand has diminished significantly with American discoveries
of oil in their own seas and West Africa, and the breakthrough of the shale
gas revolution. The US is now exporting its gas to Europe, which has shocked
Gazprom. In response, Russia updated its 2010 Energy Strategy of Russia
for the period up to 2030 in November 2012, with an emphasis on exports
to Asian markets. >

Russia needs access to new markets for its oil and gas, and is looking to
build the infrastructure on its northern shore for transit shipping and for
energy exports that can equally move east and west. To manage a broad spec-
trum of economic activity, the Russians are investing more than any other
state to develop northern infrastructure. Dutch firms are dredging harbour
areas and cutting a deep channel in the Kara Strait to make room for oil tanker
traffic. New nuclear icebreakers are being built, search-and-rescue stations are
being installed across the northern seabed, and polar orbiting satellites have
been launched. There were never satellites over the Arctic during the Cold
War, and all these investments are part of the preparation to exercise control
over a strategic hub for transit, energy and exports. >

For Russia’s military strategy, the Far North has been a function of five dif-
ferent factors since the Cold War: it is the home port of the advanced Northern
Fleet; it is a transit area for Russian strategic bombers, and the only way to
fly out from Russia and into the Western hemisphere; it is an important test
area for new air and sea-launched weapons; it is the home port and base of
the Russian nuclear retaliation capability; and finally, it is the most impor-
tant air defence area for northern Russia, representing both the trajectory for
strategic bombing and intercontinental missiles.?* Today, new investments
are being made to expand naval and aerial military capabilities, but these are
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not a reflection of a new militarisation of the region. Russian military activity
in the Far North today is only a shadow of what it was during the Cold War.
Rather, current and planned military activities are part of the securitisation
of economic activity.

Despite its behaviour domestically and elsewhere in the world, Russia un-
derstands very well that its interests in the Arctic can only be secured within
international norms and in cooperation with other states to attract foreign
investors. Russia has a comprehensive and far-sighted security strategy in
the Arctic in preparation for natural, strategic and economic breakthroughs.

Norway

Given the military importance that Russia attaches to the region, it has also be-
come important to Norway. Despite respect for international law and diplomacy,
the Russians are unlikely to give up the use of military strength as an instrument
of diplomacy. For this reason, and because NATO is not as focused on the Arctic
as it was during the Cold War, Norway is seeking to develop sufficient capabili-
ties to be able to manage any crisis independently.>® But as is the case in most
Western liberal democratic states, it remains a challenge to forge an integrated
grand strategy shared by the foreign policy and defence establishments.

Norway’s relationship with Russia is now inevitably ambiguous. Unlike
the Cold War era, when NATO and the Soviet Union agreed that they were
enemies, it is harder to argue for deterrence and collective defence against
a Russia that is also the most important business partner in the energy sec-
tor. This tension between the economic sphere and security policy requires a
delicate balancing act.5®

On the security side, Norway wishes to invite military exercises by NATO
(or by NATO members without the NATO label) to the Arctic to internation-
alise its security posture. On the economic side, after the maritime boundary
settlement, the subsequent set of multi-billion dollar oil agreements repre-
sents an important boost for Russia. This might lead to a paradoxical situa-
tion: will it be necessary within a decade for Norway to ask NATO for help to
protect itself against a renewed Russian military that was largely financed by
Western energy consumption? %’

The Norwegian Government’s High North Strategy was published in
2006 and expanded in 2009. It is a policy statement without a strategy, and it
reflects neither a political nor an administrative consensus, but the views and
policy aims of the Norwegian Ministry of Foreign Affairs. With an emphasis
on three overarching principles — knowledge, presence and activity — the doc-
ument outlines familiar themes of sovereignty, scientific research, strengthen-
ing cooperation, the protection of the livelihoods of indigenous peoples, and
stewardship in environmental protection and economic activities.® With an
emphasis on knowledge, education and diplomacy, the only long-term themes
discussed in the policy statement concern economic interests, where security
is an afterthought.
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The document mentions the Norwegian armed forces only in the context
of a discussion on presence and a function of exercising sovereign authority.>
The armed forces are there to support the coastguard, to provide up-to-date
surveillance and intelligence, and above all, to be present. The document does
not elaborate on the practicalities of safety, search-and-rescue or security.
It does not address the relationship between the spheres of foreign policy,
economics and security.

The Norwegian Ministry of Defence does not have a comparable single
public policy document explicitly spelling out its strategy for the Far North,
but there are some indications of a long-term strategic outlook. The region is
a prioritised area for defence policy, and “Norway’s prime area for strategic
investment.” ®* While it is beyond Norway’s scope to develop a war-fighting
capability against Russia, today’s military thinking is focused on developing
a capability of situational awareness and independent crisis management, a
capability that would allow a margin of political freedom of action for Norwe-
gian decision-makers without having to call on divided NATO allies. **

These defence priorities are reflected in a document Future Acquisitions
for the Norwegian Armed Forces 2012-2020, published in July 2012. In all
areas, there is an emphasis on modernising communications and monitoring
capabilities to maximise situational awareness; and in both land and naval
systems, crisis management includes search-and-rescue and offensive capa-
bilities. The overwhelming portion of the air force budget is devoted to the
purchase of 55 F-35 Joint Strike Fighters, while naval systems receive the
greatest attention for modernisation and expansion.

“The Russians will call us and ask us questions about things. Like they did
last year: how do you treat Greenpeace? I thought that was fantastic.
How do you treat Greenpeace?” — Admiral Haakon Bruun-Hanssen

Being both a NATO member and an economic partner to Russia, the Norwe-
gian armed forces are in a unique position to bridge the two. Admiral Bruun-
Hanssen, Chief of Staff of the Norwegian armed forces since 2013, noted that
he frequently briefs NATO on Russian military activities, and is even con-
sulted by Russians for advice on certain situations. The informal club of Arctic
Chiefs of Staff contributes to the military dialogue with the Russians, where all
parties are very aware of their zones of responsibility for search-and-rescue. **
In the thin atmosphere of limited resources, capabilities and infrastructure
for monitoring, communications and responsive action, necessity is driving
unprecedented cooperation. The Pomor® series of joint Norwegian-Russian
military exercises also reflects greater military-to-military cooperation. ®
What is still needed, however, is a long-term, integrated and allied grand
strategy. Published documents and our interviews reveal that the Norwegian
armed forces are very aware that they need to develop an integrated toolkit for
a broad spectrum of action, “because we become a sort of Swiss army knife. A
multiple tool for a lot of purposes.” The allied approach is pursued through
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inclusiveness and cooperation as the best way to achieve one’s interests: “To
join, to find strength through cooperation. Because you are not big enough to
achieve all your goals on your own.” %

Among Scandinavian countries, Norway has the greatest tradition of self-
reliance, and this is inherent in its culture and strategic outlook. Its vision
and concept for the Arctic includes the elements of environmental protection,
international cooperation and development of energy resources. There are
many parallel developments in Norway with regard to the Far North: scien-
tific research, economic development in the private sector, the policies of the
foreign ministry, and the strategy of the armed forces. Norway would benefit
from political leadership that could steer greater cooperation between diplo-
mats, the military and industry.

Denmark and Greenland

The Kingdom of Denmark extends far into the Arctic because of the Faroe
Islands and Greenland — an Arctic island more than 2 million sq km in size,
inhabited by fewer than 57,000 people. A dispute between Norway and Den-
mark about the sovereignty of the eastern part of Greenland was settled in
1933 by the Permanent Court of International Justice, which agreed that un-
colonised parts of eastern Greenland were not terra nullius but fell under
Danish sovereignty. The judgment also specified that “the two elements nec-
essary to establish a valid title to sovereignty” had to be present, “namely:
the intention and will to exercise such sovereignty and the manifestation of
State activity.”°® Since then Denmark has maintained a presence with a mili-
tary dog-sledge patrol, where six two-man teams carry out a 3,000 km heroic
schlep in the desolate parts of Greenland. In addition, the Danish Defence
Forces enforce sovereignty on behalf of the Kingdom and maintain a continu-
ous presence with patrol ships and surveillance aircraft. Thus sovereignty
is upheld in accordance with international law. Today, several visions and
concepts have emerged for the Arctic in general, and the status of Greenland
in particular.

Greenland has not been economically self-sufficient in the past, and today,
with fewer than 27,000 people in the workforce, it is still far from being so.
Nonetheless, in recent years there have been some calls for political independ-
ence, because of a very real possibility of economic independence. Greenland
was granted home rule in 1979 and a self-rule agreement went into force
on 21 June 2009. Following this agreement, Copenhagen still pays for half
of Greenland’s budget with DKK 3.4 billion ($593 million or €455 million)
annually. The Greenlandic economy has traditionally been based on fishing
and hunting. But the discovery of oil, gas and minerals, including the highest
deposits of rare earth oxide outside China’s Bayan Obo mining district, has
opened new avenues to potential unprecedented riches.

The strategic importance of the 17 heavy and light rare earth elements
(REE) has grown in recent decades. They possess a unique set of metallurgical,
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catalytic, electrical, magnetic and optical properties.® China currently con-
trols more than 95 per cent of the rare earth market and is hoarding reserves
as a strategic deposit — and alongside British and Australian companies, the
Chinese have submitted bids for Greenlandic fields. This is a great challenge
to the West, where both the US and the EU have declared REE among their
long-term strategic priorities. Greenland’s rare earth deposits are found in
two districts, Kringlerne and Kvanefjeld. Because the rich rare earth deposits
in Kvanefjeld are structurally connected to uranium, these deposits cannot be
capitalised upon before Greenland and Denmark agree on a common uranium
export policy. To tap the mineral wealth of rare earths and uranium, as well
as the estimated 50 billion barrels of offshore oil and gas, Greenland is seek-
ing to attract long-term investments, but these require a level of stability and
human development that Greenland currently does not possess.

With these riches in sight, members of the Greenland political class have
expressed a vision calling for independence, but this cannot be translated into
a viable concept or strategy. Economic development is not enough to build a
sovereign state unless it is complemented by the development of human and
state capacity and institutions.

The 2009 Self-Rule Act transferred to Greenland authority over 33 new
areas of responsibility, including the management of natural resources, while
foreign and security policy remain the remit of the Danish government in
Copenhagen. The Self-Rule Act does not present a solution to the problem
of rare earth and uranium minerals that are both an economic and strategic
matter. Who controls these resources and where they end up is a matter of
national and international security.

The Greenlandic view, pointing to the self-rule agreement, is that they can
sell concessions to their mineral resources to whomever they want and get all
the money. The Danish government in turn points to the Constitution of Den-
mark and says that it remains responsible for foreign, security and defence
policy. Both are right, and heated political discussions in Copenhagen and
Greenland’s capital, Nuuk, have led the Danish Ministry of Foreign Affairs to
intervene and negotiate an agreement for closer cooperation and coordination
in the Kingdom’s common security policy.

To resolve this dilemma, a grand strategy is needed that starts with the
recognition that control over minerals such as uranium and REE has both an
economic and security impact. *®

Admiral Nils Wang brought this dilemma to public attention in June 2012,
arguing that short-term economic interests should not lead to the sacrifice of
long-term strategic interests. ® He cited the example of the Australian govern-
ment blocking an attempt by the Chinese government to purchase a control-
ling stake in the Lynas Corporation, a rare-earth mining company, because
it recognised the long-term strategic risks of allowing China to tighten its
monopolistic grip on rare earths. The Greenlandic Mineral Strategy 2009,
on the other hand, only mentions exploration, geology, mineral potential, en-
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vironment, economy, employment and Greenlandic values.” The Greenland
government has not considered all the strategic consequences of its actions.

In the March 2013 Greenland parliamentary election, the opposition Siu-
mut party emerged as the winner, defeating the ruling Inuit Ataqatigiit party
in a contest that centred on the regulatory framework for the mining industry
and the question of the ‘zero-tolerance policy’ towards uranium exploitation
that prevented the exploitation of rare earths in Kvanefjeld. With Greenland’s
first female Prime Minister, Aleqa Hammond, at the helm, a more national-
ist course towards Denmark emerged, and shortly after the election the new
government changed the regulatory framework and abandoned the more than
30-year-old ‘zero-tolerance policy’ by a single-vote margin in parliament. But
to be able to export uranium, Greenland must accede to the necessary control
regimes”* and possess the necessary “expertise to handle uranium in accord-
ance with international treaties, which might take five to ten years to develop,”
wrote Wang and co-author Damien Degeorges in a report.”* It remains to
be seen how these developments in Greenland affect Denmark’s long-term
strategic interests.

Increased interest in Arctic resources in general, and rare earths in par-
ticular, are causing Greenland to “quickly become clogged with wealthy inter-
national dance partners.””® This recognition on the world stage is highlighted
by high-profile meetings. In 2012, the South Korean President, Lee Myung-
Bak, visited Greenland without stopping in Denmark; and when Greenland’s
Minister for Industry and Natural Resources Ove Karl Bertelsen, visited
China, he was received by the then Deputy Prime Minister, Li Keqiang, now
Prime Minister.

The Danes cannot blame the Greenlanders for being tempted by the pros-
pect of Chinese or other investors, if they are not offering a better alternative.
Admiral Wang’s column contributed to alerting Copenhagen to these ques-
tions, and now there is a growing understanding in the business sector and
among pension funds that Greenland might be a lucrative long-term invest-
ment area.”

Strategy abhors a vacuum. Instant independence for Greenland is not re-
alistic because it would create a sudden gap in the NATO treaty area and
Denmark would cease to be a littoral state. But more importantly, Greenland
is not yet viable as an independent state because its population lacks the nec-
essary resources and skills. Even if it were to ‘outsource’ external security to
NATO and Denmark, on the Icelandic model, it would still have to pay for and
manage its own coastguard — as Iceland does — for sea surveillance, fishery
protection and search-and-rescue.”® These require not only large investments,
but also the development of a skill set not currently present in Greenland’s
population.

Now that the noise and dust of electioneering had settled, a few sobering
assessments of Greenland have appeared. Wang and Degeorges conclude:

Educational standards need to undergo significant improvement if
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Greenland wants to build a sufficiently skilled workforce that could
form the foundation for the required future political and central ad-
ministrative system. The development of a viable Greenlandic state
is heavily dependent on improving the general level of education, as
well as the need for a highly educated elite with a deep understanding

of global affairs.””

The long-term process of economic development should lead to human
development, and efforts need to be made to prevent corruption, nepotism
and the ‘resource curse’. It is a generational question whether Greenland can
elevate itself to the status of a viable sovereign state, and it would take 30 to
40 years to be a realistic prospect.” These conclusions were reinforced in a
report published in early 2014, To the Benefit of Greenland, that was devel-
oped by the Universities of Copenhagen and Greenland.

In May 2014, the Greenlandic Prime Minister Aleqa Hammond wrote an
op-ed article, with Professor Minik Rosing, welcoming the report, highlighting
policy priorities of Greenlandic development, and the ways in which mineral
development will benefit the population. In addition to resource development,
“Greenland has formulated an ambitious plan to raise the education level with
massive investment in primary schools, secondary schools, vocational schools
and the university.””® These are welcome signs of long-term realism replacing
the short-term nationalism that characterised the elections of the previous year.

On the international level, Denmark does not have a fully integrated Arctic
grand strategy, but progress has been made in the scientific, legal, diplomatic
and defence spheres. As mentioned, Denmark dispatched a scientific expedi-
tion in the summer of 2012 to collect seismic data in preparation of its claim
to the Commission on the Limits of the Continental Shelf before 16 November
2014. The Danish Ministry of Foreign Affairs published the Kingdom of Den-
mark Strategy for the Arctic 2011-2020, a mildly worded document that cov-
ers a familiar spectrum of themes in international cooperation and security,
sustainable development, environmental protection and maritime security. It
is slightly more comprehensive than its Norwegian counterpart, but its tenor
is similar and it has a more assertive conclusion. In a brief section on exercis-
ing sovereignty the bottom line emerges: while cooperation with the Arctic
Ocean’s coastal states is close, “there will be continuing need to enforce the
Kingdom’s sovereignty, especially in light of the anticipated increase in activ-
ity in the region.”®°

The Danish Defence Agreement 2010-2014 white paper specifies several
overriding initiatives for the Arctic. The North Atlantic command structure
will be streamlined, by bringing Greenland Command and Faroe Command
into a single joint service structure, the Arctic Command Headquarters, which
was inaugurated on 31 October 2012. In addition, an Arctic Response Force
has been established, and an extensive new risk analysis in and around Green-
land is being conducted on the future tasks of the armed forces beyond 2014.
This analysis is ongoing, and will be finalised by the end of 2014.%
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Denmark is the smallest Arctic country but is responsible for the largest
land mass. A variety of visions has been expressed by Copenhagen and Nuuk,
but neither the published Danish Arctic strategy nor the defence agreement
provide satisfactory answers for the grand strategic implications of Green-
land’s resource wealth. It appears, however, that both Copenhagen and Nuuk
have woken up to the implications of these matters with prudent assessments
and policy concepts, where long-term strategies for investment, resource de-
velopment and human development are converging

Canada

“The North is part of our identity as a nation and people feel very
passionately about it, but very few Canadians have visited the North,
because it is so expansive and so remote. So it is an imagined connec-
tion, but there isn’t necessarily a lot of in-depth knowledge among
the Canadian population at large about the specifics of Canada’s
North. It is a little bit of a paradox.” 8

Canada is the most passionate player in the Arctic and the one country
where international policy and strategy are most derived from domestic pri-
orities. These priorities are now focused on the economic and human devel-
opment of the indigenous peoples of the North. Canada was shocked into
action by a 2005 United Nations report on the development of its indigenous
peoples, which noted:

Economic, social and human indicators of well-being, quality of life
and development are consistently lower among Aboriginal people than
other Canadians. Poverty, infant mortality, unemployment, morbid-
ity, suicide, criminal detention, children on welfare, women victims of
abuse, child prostitution, are all much higher among Aboriginal peo-
ple than in any other sector of Canadian society, whereas educational
attainment, health standards, housing conditions, family income,
access to economic opportunity and to social services are generally
lower. 83

The report added: “Canada has taken up the challenge to close this gap.”

Canada’s new determination to focus on the human and economic develop-
ment of the peoples of the North is manifested in its domestic political priori-
ties, as well as the chairmanship of the Arctic Council, in which it has placed
human development at the top of the agenda. The process of Canadian delib-
eration serves to maximise the inclusiveness of all stakeholders. Because the
Far North is a very emotive subject for the Canadian people, seasonal political
grandstanding for electoral purposes is to be expected. More important, how-
ever, is the vision and concept described in Canada’s new Northern strategy,
which many Canadians we spoke to consider to be an integrated strategy.

Canada is a federation with ten provinces and three Northern Territories:
Yukon, Northwest Territories and Nunavut. Out of a population of 33.5 mil-
lion, a mere 100,000 live in the Northern Territories, the majority of whom
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are indigenous. Because Canada is not a unitary state, there are always many
players involved in each issue, where the federal government departments ne-
gotiate with provincial governments, territorial governments, municipalities,
native peoples and other stakeholders. With the overall aim to make the North
economically self-sufficient, any initiative requires a policy of outreach. This
consultative approach is inherent in the country’s structure and culture. The
Canadian government has made a point of including Northerners as much as
possible in the development of the new Northern strategy, and also named the
Inuit Minister of the Environment, Leona Aglukkaq, as the representative to
the Arctic Council during Canada’s chairmanship from 2013 to 2015.

The vision and policy concepts were translated into Canada’s Northern
Strategy, published in 2009, which aims to be an overarching policy frame-
work, to be used as a guideline and umbrella for all government departments,
although each department remains accountable to its minister. The colourful
trilingual document, written in English, French and Inuit, heralds the four
pillars of Canada’s Arctic strategy: sovereignty, governance, economic and
social development, and environmental protection. Each of these pillars car-
ries equal weight, and international policy derives almost as an afterthought
from these domestic priorities. We spoke with members of the Department of
Foreign Affairs, the Department of Aboriginal Affairs and the Department of
National Defense. How does the strategy translate into their policy processes?

In the Department of Foreign Affairs, Trade and Development, Jeanette
Menzies heads the Canadian International Center for the Arctic Region. Her
portfolio includes formulating Canada’s Arctic foreign policy; bringing coher-
ence to the work by missions and embassies; working on the Arctic Council
chairmanship; conducting outreach to foreign embassies in Ottawa; managing
a leading role in scientific research; and encouraging business and investment
in Canada’s North.

The Department for Aboriginal Affairs covers policy towards the three
Northern territorial governments of Yukon, Northwest Territories and Nu-
navut. This geographical area of more than 3.9 million sq km is 40 per cent
of Canada’s landmass and faces three oceans. In Nunavut the indigenous
population is 85 per cent, in the Northwest Territories about 50 per cent and
in the Yukon 20 per cent. The overarching policy aim is “development of the
North for Northeners” politically, economically and socially, but overcoming
the challenges of remoteness and isolation is hard.

There are more than 50 isolated communities in the Northern Territories
with around 1,000-2,000 people in each, living in conditions of six months
light, six months darkness and -40°C winters. Over 50 per cent of the North-
ern population is under 25, and they have great potential to connect via new
media, both in social media and broadcasting. While economic development
is slow, this new connectivity is an important enabling factor. Each of these
communities has its infrastructure requirements in housing, schools, hospi-
tals, energy, ports and airfields. The Inuit there have independence in issuing
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contracts and choosing whom to do business with. And with the consultative
approach, the DAA organises large advisory boards with all stakeholders in-
volved in order to coordinate this development at all layers of government,
federal, territorial and municipal. It should come as no surprise that the pri-
mary theme of Canada’s chairmanship of the Arctic Council from 2013-2015
is the ‘Development of the Peoples of the North’. %

And what about the level of defence? The military and defence mandate
derives solely from the government strategy outlined above, and helping to
deliver that mandate. Necessity is driving this integrated approach. % In 2007,
Prime Minister Stephen Harper declared, ““Canada has a choice when it comes
to defending our sovereignty in the Arctic. We either use it or lose it. And make
no mistake, this government intends to use it.”%® But despite this bellicose lan-
guage, the military and security presence of Canada’s north remains modest,
with no more force additions than reinstating a presence that was removed
after the Cold War.® With a fleet of 15 icebreakers, the Canadian Coast Guard
has greater capability of operating in ice than the Royal Canadian Navy, and
is called upon to escort an average of four vessels through the ice per day.%®

On the question of transport and traffic, it is notable how little the Cana-
dian Northwest Passage is discussed as an international strait in any of the
policy documents or by the policy practitioners we spoke to. This is in contrast
to the emphasis the Russians are placing on the development of the Northern
Sea Route. The political class, however, caused a stir in 2009 when a motion
was passed in the Canadian House of Commons to rename the Northwest Pas-
sage, the Canadian Northwest Passage.® This was an effort to ‘nationalise’ a
passage considered an international strait by the US and the EU,°° but both
the move and the reactions to it were largely beside the point. While the sea
ice is melting north of Russia, it will not disappear from the Canadian archi-
pelago for a long time to come. While human activity is expected to increase in
the North, Canadian civil servants noted to us, “In our analyses the Northwest
Passage is probably not going to be open for the next 20 years.”*

This explains why transport is barely discussed. The question of natural
mineral and energy resources is also mentioned very little. While there is rec-
ognition that there is going to be an increase in resource-based human activity,
the Northern strategy does mention the preparatory scientific research needed
for resource exploitation. The government will stimulate this research, but the
private sector is expected to take over from there and stimulate employment:

The Government of Canada announced a significant new geo-map-
ping effort — Geo-Mapping for energy and minerals — that will com-
bine the latest technology and geoscientific analysis methods to build
our understanding of the geology of Canada’s North, including in the
Canadian Arctic Archipelago. The results of this work will highlight
areas of mineral and petroleum potential, lead to more effective pri-
vate sector exploration investment and create employment opportu-
nities in the North.
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In Norway and Russia, energy, fish and mineral resources, and their
surrounding logistics and instruments of international cooperation, are all
considered central to their Northern strategies. For Canada, international co-
operation is peripheral to the domestic considerations of social development.
While Canada is developing the Alberta tar sands, it matters little if the buyer
is the US or China. Neither of those countries seems interested in resolving
the maritime delimitation of the Beaufort Sea, quite possibly because there
are no joint exploration agreements in the pipeline for oil and gas. The biggest
increase in traffic will be driven by domestic resource development.

As a corollary to the emphasis on domestic priorities, international interest
in Canada’s Arctic policy also focuses on domestic developments. Sometimes
the view from Denmark can be strange, when domestic politics, rather than
policy, takes centre stage.

In 2005 Harper’s Conservatives put the Arctic at the centre of the elec-
tion campaign, attacking the Liberals for weakness in their emphasis on
diplomacy. They argued that if there is insufficient investment in military
hardware, Canadian inherent rights to the Arctic will be challenged by other
players. * In response, the Liberal defence minister Bill Graham flew to Hans
Island, the disputed barren rock between Greenland and Ellesmere Island,
and hauled down a Danish flag that had been planted there in 1984 and re-
placed in 2003.°* Graham took the flag and delivered it to the Danish Am-
bassador in Ottawa, stating that a Danish flag had been found on a Canadian
island, and would he take it back to Copenhagen and inform the Ministry that
Canada would not accept this? The result was a period of diplomatic turmoil. %
But the stunt was to no avail. The Conservatives won.

Given the emotive importance that the Arctic holds for the general popula-
tion of Canada, this kind of grandstanding can be expected every five years.
Other Arctic states should not worry too much about the double communica-
tion between posturing for a domestic audience and the outreach that Canada
makes to international partners. The politics is part of the game, but the policy
is quite serious.

All in all, Canada has a fairly comprehensive and integrated domestic Arc-
tic strategy. It is natural considering the geographical, social and governance
structure of the country. It is admirable that Canada has prioritised the geo-
graphically challenging task of the development of its indigenous peoples.
With its national and international attention focused on this question, it may
well be possible to create a meaningful breakthrough to dramatically improve
the lives of the peoples of the north. But Canada would benefit if it were also to
develop an integrated international strategy with planning that looks further
ahead than the next election cycle.

United States of America

Of the Arctic Five, the United States government has been the slowest to move
on Arctic affairs. In the very last days of the George W. Bush Administration,
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the Arctic Region Policy was announced on 9 January 2009 as a Presidential
Directive, ° which was reaffirmed by the Obama administration in the Na-
tional Security Strategy of 2011. This is a policy concept, not a strategy.

The directive enumerates familiar Arctic themes: emphasising the question
of sovereignty that the US holds in the Arctic; urging protection of the envi-
ronment and environmentally sustainable resource management; protecting
and involving indigenous communities; and enhancing scientific research.
On the legal front, the directive acknowledges the Beaufort Sea dispute with
Canada and seeks consultation with the Senate to ratify the UN Convention
on the Law of the Sea.

What sets the American view of the Arctic apart from other states is that
it is viewed solely as a security and homeland defence challenge. The melting
ice opens a back door to the American continent, and this has to be secured.
Whereas the Arctic strategies of Norway and Denmark are largely diplomatic
pamphlets written by diplomats for international consumption, and Canada
has an integrated social development strategy, President Bush’s 2009 Arctic
Region Policy and the Pentagon’s 2011 Report to Congress on Arctic Opera-
tions and the Northwest Passage treat the Arctic solely as a security matter.
And if it is only a security challenge, then it competes for attention and money
with the Middle East, the South China Sea, Afghanistan and Iraq.®’

It is therefore very difficult to finance even the modest ambitions that
these documents contain. Although Hillary Clinton attended the 2013 Kiruna
session of the Arctic Council, the State Department under her and her suc-
cessor John Kerry did not take any initiatives on the Beaufort Sea dispute or
the Law of the Sea. With such little attention and guidance coming from the
White House, the Pentagon and the State Department, the US Navy and US
Coast Guard chose to develop their own Arctic policies and strategies. Not
to be upstaged, the White House and Department of Defense did eventually
produce two short Arctic strategy documents of their own. %8

The US Navy’s department of Energy, Environment and Climate Change
established the Task Force on Climate Change in 2009. This office, until re-
cently headed by Rear Admiral David Titley, the chief oceanographer and
navigator of the US Navy, has carried out the most innovative work on the
Arctic in the American government. The TFCC’s remit included research on
the changing Arctic, rising sea levels, changes in storm patterns, assistance to
vulnerable nations and increases in humanitarian assistance and disaster re-
sponse. *° In October 2009, the TFCC published the US Navy Arctic Roadmap,
which provided a comprehensive overview of investments in capabilities the
Navy requires, as well as new methods of strategic and operational planning.
The roadmap in the document describes three phases of navy action, from
assessments to developing capabilities and their implementation. This work
was followed up in May 2010 with the publication of the US Navy Climate
Change Roadmap, which includes a similar phased plan, calling for education
on climate change in the Naval War College curriculum and implementation of
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climate change assessments in training and in strategic and operational plan-
ning. '°° Rear Admiral Titley and his successor Rear Admiral Jonathan White,
with their staff, have shown valuable leadership in laying the intellectual and
organisational foundations for the US Navy’s future activities in the Arctic.

In May 2013 the US Coast Guard took the lead and published its Arctic
Strategy, the only constabulary agency in the world to do so. This is the most
comprehensive document produced by the American government, covering its
vision, policy concept and long-term strategic objectives, which are defined as
improving awareness, modernising governance and broadening partnerships.
Each of these objectives is tied to a strategy for long-term success.

In the same month the White House released its first National Strategy
for the Arctic Region, a rushed 11-page document that aims to be an over-
arching framework. It describes a set of policy preferences, with an empha-
sis on security, responsible stewardship and international cooperation. The
document lists objectives in a familiar range of areas: energy security, do-
main awareness, freedom of the seas, environmental conservation, integrated
management, and to “increase understanding of the Arctic through scientific
research and traditional knowledge.” *** While it states all these goals, the
document says very little about how they are to be carried out. Despite its
title, the objectives are not tied to clear processes, which are left for other
departments to figure out. This document can therefore not be considered a
serious strategy.

Six months later, the Department of Defense issued its own first Arctic
Strategy, another brief document of 14 pages. The Pentagon defines the “de-
sired end-state of the Arctic” as “a secure and stable region where US national
interests are safeguarded, the US homeland is protected, and nations work
cooperatively to address challenges.” '°* In an improvement over the White
House, the Pentagon document connects these goals to processes and means
to achieve them, including multilateral security collaboration, preparation for
a wide range of contingencies, engagement with private and public partners for
domain awareness, and support for the Arctic Council. The emphasis of this
document is on the exercise of sovereignty and the protection of the homeland.

With this relative inattention from the highest levels of executive authority
in the American government, it is not surprising that the US Navy and Coast
Guard took the lead in developing their own comprehensive strategies. In the
2011 Report to Congress on Arctic Operations and the Northwest Passage —
reiterating the 2010 Quadrennial Defense Review — the Pentagon urged both
the development of necessary capabilities and the ratification of the Law of
the Sea:

The QDR highlighted the need for DoD to work collaboratively with
interagency partners to address gaps in Arctic communications, do-
main awareness, search and rescue, and environmental observation
and forecasting capabilities to support both current and future plan-
ning and operations. It also reiterated DoD’s strong support for ac-
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cession to the United Nations Convention on the Law of the Sea (LOS
Convention) to protect US interests worldwide and to support coop-
erative engagement in the Arctic. '

There is a slightly tragic sense in this report, in which the urgency and
need for capabilities is recognised, but the limitations in the present fiscal
environment are also acknowledged. The appeal to ratify the Law of the Sea
is sensible, but has not moved the Senate to action. If the US fails to ratify the
UN Convention on the Law of the Sea in time, it will not have access to the
Commission on the Limits of the Continental Shelf (CLCS) to submit its claim
before 16 November 2014 (the Danish deadline) despite the fact that the US
recognises its guiding principles as international law.

This is an egregious oversight, not least because it was President Truman
who first declared US sovereignty over its continental shelf in his Proclama-
tion of 1945, initiating a custom that has matured into an established rule
of international customary law. It is remarkable that in a situation where
the international legal community, the defence establishment and the White
House are all in agreement about the necessity for ratification, the US Senate
remains incapable of pulling together 60 senators to overcome the threat of
a filibuster. The US has wasted several great opportunities already and risks
being left behind in the Far North if the Senate doesn’t take the region more
seriously very soon.

On the political level, the US is a bystander in the big developments occur-
ring in the region, and has no overall vision for the Arctic. Nonetheless, there
have been some important positive moves. When Secretary of State, Hillary
Clinton did attend the Arctic Council sessions, and expressed support for its
growth and development. The US Navy’s Task Force on Climate Change has
done the most important intellectual groundwork and policy for the future
of the Navy. This is the only part of the US government where an innovative
vision, concept, strategy and phased plan are being carried out to a genuine
breakthrough transforming the US Navy on the whole spectrum from its cur-
riculum and research to its activities. The US Coast Guard also developed a
comprehensive vision, concept and strategy for the long term. At the highest
level, however, the two short documents published by the White House and
Pentagon reflect their inattention. The Senate’s failure to ratify the Conven-
tion on the Law of the Sea is the greatest oversight, but it is not necessarily
the greatest obstacle for regional governance, which can still be developed on
the basis of international law and agreements.

The European Union and NATO

Not to be outdone, a memo from the European Commission cheerfully an-
nounced to the European Council and Parliament that the “European Union
is inextricably linked to the Arctic region (...) by a unique combination of
history, geography, economy and scientific achievements.”'** With Denmark
in the inner circle, and Finland and Sweden in the next echelon, the EU is
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vying for a greater role and a permanent observer seat in the Arctic Council.
EU members Finland, Sweden and Denmark are full members of the Arctic
Council; and the Netherlands, United Kingdom, Poland, France, Germany and
Spain have the status of Permanent Observers. But the EU itself has not yet
succeeded in upgrading its status of ad hoc observer. Finland campaigned the
strongest on behalf of the EU, and Norway supported the EU’s application. '
Their application was approved at the Kiruna session of the Council in May
2013, but a final decision has been deferred until the EU lifts its seal trade
ban.*® With Canada’s Environment Minister Leona Aglukkaq as Arctic Coun-
cil chair, the EU will be pressed to reverse a policy of immature and emotive
environmentalism that has caused great harm to the way of life of the Inuit.

The Arctic holds precious resources for the EU, and the EU in turn is a
huge consumer market for Arctic produce. Half of the fish caught in the waters
above the Arctic Circle are consumed in the EU, and more than a quarter of
Arctic oil and gas flows to the EU. More than €200 million of European funds
has been invested in Arctic scientific research. As the world’s largest trading
bloc and most profitable consumer market in control of 40 per cent of the
world’s shipping, the EU has a natural interest in securing nondiscriminatory
access through the Northern Sea Route and the Canadian Northwest Passage,
when it opens. But while Canada is decisively turning east in its trade orienta-
tion, the EU has yet to secure its strategic interests.

The NATO alliance has also taken note of the security requirements for the
Arctic. In January 2009, Secretary General Jaap de Hoop Scheffer convened
a NATO seminar on the Far North in Iceland. He spoke about the importance
of securing new routes of Arctic navigation, and also the development of ad-
equate disaster relief capabilities. Concerning natural resources, he envis-
aged five areas of NATO involvement in energy security: “Information and
intelligence fusion; projecting stability; advancing international and regional
cooperation; supporting consequence management; and supporting the pro-
tection of critical infrastructure.” And finally, he took note of territorial claims,
the UN Convention on the Law of the Sea, Exclusive Economic Zones and
continental shelf claims. In all these areas, he noted that the NATO-Russia
Council could play a role, both on the political level, and on the operational
level for coordination of search and rescue, and disaster relief operations. All
in all, he noted that there are many opportunities for NATO to play an active
role, but the approach was decidedly modest, referring only to making use of
existing mechanisms. NATO’s low-key approach to the Arctic was continued
by his successor as Secretary General, Anders Fogh Rasmussen.

The Russians will not accept any role for NATO in the Arctic. As the dom-
inant Arctic power, inviting a greater power in would have a destabilising
effect. Given that the entire Arctic Circle from Alaska to Norway is already
covered by Article 5 of the North Atlantic Treaty (whereby an attack on a
NATO member state is considered an attack on all members), it is not neces-
sary to cause unnecessary confrontation. NATO members, without a NATO
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flag, participate in the Arctic ChoDs meetings and Coast Guard forums, and
NATO members should conduct ad hoc exercises and operations in a man-
ner that could strengthen Norway without antagonising Russia. But without
a solid institutional basis, it will be very difficult to elevate the Arctic ChoDs
meetings to a genuine concept of regional security architecture.

China

China is the fastest-growing great power in the world, and as the world’s
greatest exporter of goods 50 per cent of its GDP is related to shipping. China
has a great economic and strategic interest in the Far North, both for access
to natural resources and trade routes. Not only does the Northern Sea Route
over Russia to Rotterdam mean a 40 per cent distance and fuel reduction, but
the very possibility of an alternative route could greatly increase China’s free-
dom of action. At the moment, the passage west through the Malacca Strait
is a bottleneck that can easily be corked by an American carrier battle group
in time of dispute.'”” The Bering Strait could become a strategic chokepoint
between the three great powers.

China stands to gain the most from both the Northern Sea Route and the
Northwest Passage, and is making generous overtures to Nordic countries and
Canada with these interests in mind. China attempted to buy a large swathe
of Iceland’s territory, but was rebuffed. In Norway, China has invested heav-
ily in Elkan, an electrochemical conglomerate. And China has recently shown
interest in the Greenlandic rare earths, bidding alongside two Australian com-
panies, Tanbreez and Greenland Mineral and Energy. What the Far North has
not yet seen from China, however, is systematic buying of entire industries.

With about $4,000 billion in foreign currency reserves, of which approxi-
mately $3,000 billion is available for shopping around, there is no reason to
believe that China may not decide at some point to engage in systematic acqui-
sitions in the Far North. °® Chinese investment tends to be more risk-averse in
that it seeks out common stock of companies that are already publicly traded
and scrutinised by markets and regulatory bodies. In its investment strategy,
China does not appear to be venturing to explore and create new industries
and markets.

China does appear to have a grand, if as yet unpublished, strategy for the
region: there is clearly a long-term commercial strategy with the development
of a substantial icebreaker fleet; and there is Chinese investment and integra-
tion into the scientific community. **°

There is also a concerted diplomatic strategy, reaching out to Iceland,
Greenland and others. The Chinese are connecting to far corners, such as the
Norwegian ice-free port of Narvik, in order to develop an overland rail connec-
tion, for shipping to the American East Coast. These elements taken together
reveal a grand strategic approach without a military component. China also
sought to achieve permanent observer status at the Arctic Council in 2008;
the application was approved in the Kiruna session of May 2013.
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All in all, China is the wild card in the equation, but it seeks to secure its
interests in a non-confrontational manner. With the prospect of Chinese ship-
ping creating a situation in the Bering Strait where Russia is on one side, the
United States on the other, and China in between, stability in the region will
depend on the relations between the three great powers. While there is very
little risk that the Arctic itself would become the source of tension, it is not
unthinkable that a standoff caused in another part of the world, such as the
South China Sea, Taiwan or the Senkaku Islands, could lead to retaliation in
the Arctic. The effect of connecting China through the Far North to the West
means that the polar region will be exposed to the potential risks and dangers
that surround China’s ambitions in Asia’s warmer waters.

EVALUATION

We have considered the large-scale natural trends and a range of international
and national initiatives that seek to catch up with innovations to adapt to a
breakthrough process driven by nature. We can see that the natural break-
through has spurred processes at the international and national levels. The
Far North is a moving target and in recent years there has been a large num-
ber of new publications, policy statements and strategy documents by national
and international actors. The Arctic reveals surprising cooperation between
rivals, and at times an equally surprising lack of cooperation within govern-
ments and among allies.

The race for resources and access is ongoing, but we do not see the hos-
tile competition of the time when Spitsbergen was terra nullius. While there
is good reason to believe there will be no open conflict, it remains an open
question as to whether capabilities will be matched to requirements in safety
and security, and whether some countries will fail to grasp the opportunities
available to them.

Despite many positive developments, we should not forget that the situ-
ation today is still far from desirable. There are still great shortcomings in
technology, access, logistics, communications, governance and scientific
knowledge about environmental trends, both in climate and in the resilience
of ecosystems. "'* There is also a lack of high-detail geographical data pub-
licly available. This sort of proprietary research is privately held by energy
and shipping companies, but without a wider availability there is a greater
risk of cruise ships running into trouble, or running aground as happened
in 2010.™

The Arctic Council is an important success story, and a part of this success
was its relative unimportance in the early years since 1996. Bernard Funston,
the Chairman of the Canadian Polar Commission who has been a part of the
first 16 years of the Arctic Council’s evolution, noted that “its weakness was
its strength. It was non-threatening. It was consensus. It required people to
get along. Issues percolated.”
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In the first decade, the Arctic Council operated below the radar and worked
on developing scientific expertise and a series of very important assessments.
Today with the greater interest in the Arctic Council, the policy community
is taking over, and the centre of gravity has shifted from science to national
interests. > Nonetheless, the Arctic Council admits new members on the basis
of what they bring to the table, and this is often measured by their scientific
contributions.

The Arctic is a complex mechanism and efforts are being made to synchro-
nise its many components to create a new and stable future. We have seen that
the stabilising factors which lead to greater cooperation have been economic
interests. Another important stabilising factor is that all parties recognise that
they cannot meet the responsibilities they have for security and safety on their
own, and they are working to cooperate. The informal Arctic ChoDs dialogue,
while not a part of the Artic Council, is very much its offspring.

CONCLUSION

The Arctic region is in the midst of a natural breakthrough process to an ice-
free future, in which great economic development and political cooperation
are possible. It is an excellent example for the purposes of our book of an
ongoing breakthrough process, but unlike other chapters, this breakthrough
is in the near future.

These changes create a new environmental balance and new levels of hu-
man access. This access, in turn, creates opportunities for business, economic
and human development. On the national and international level, we can
identify visions, policy concepts, strategies and plans for implementation. We
can identify innovative new mechanisms and cooperation in logistics, markets,
safety and security. This natural breakthrough process at the macro level is
leading to human breakthroughs at the international level, which in turn are
driving breakthroughs at national levels. Which of the process elements are
the most decisive? It appears to be the international vision.

The international and national visions

The most decisive human responses to macro-level environmental change are
the international declarations that have expressed a large-scale vision. The
international visions expressed in the Ottawa Declaration, Ilulissat Declara-
tion and Kiruna Vision for the Arctic affirmed a number of key principles that
are reflected in all national policies and strategies.

The Ilulissat Declaration is an expression of an international legal vision,
which pointed to an existing international concept that declared the law of the
sea the ‘constitution’ for the Arctic region. No new treaties were needed, and
the innovation of this brilliant and simple declaration was not to innovate, but
to settle the most important questions of international law and legitimacy at
a stroke. This opened the door to moving forward on all other dealings in the
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region. At the international legal level, we therefore had a clear progression
from vision to overall legal concept.

With the vision of the Ottawa Declaration, which established the Arctic
Council in 1996, we similarly see a transition from vision to a concept of coop-
eration on a range of issues in development, scientific research and environ-
mental protection. The Council has also succeeded in developing two binding
safety agreements for search-and-rescue and oil-spill prevention.

These two visions do not, however, form a basis for comprehensive con-
cepts of a regional governance structure or regional security architecture. The
law of the sea is limited to the sea, and the Arctic Council explicitly excludes
matters of military security and cannot host its own military staff committee.
These international visions can therefore not be translated to comprehensive
concepts and strategies at the international level. Governance and security
matters have therefore been devolved to the national level, which is largely
positive but also fragmentary.

The ad-hoc ‘Arctic ChoDs’ round table was created out of the necessity to
develop the capabilities and cooperation needed to meet the obligations of
the Arctic Council’s safety agreements. In that respect, this dialogue is also
a breakthrough that is forcing innovation to develop integrated and allied
mechanisms and strategies. The shared recognition that no nation can handle
the responsibilities and challenges alone is driving cooperation, and this too is
an important breakthrough. Nonetheless, without a solid institutional basis, it
will not be possible for international visions to develop into genuine concepts
and a strategy for regional governance and security.

The national levels that we discussed at length are separately moving parts
that differ in emphasis and strategic priority. Among all the participants, we
can see the process flow of international visions into national policy concepts
and strategies. The international visions are therefore the most decisive of the
process elements at all levels. At the national level, the international visions
mixed with domestic priorities to create a diverse set of concepts — some of
which are more comprehensive than others.

But if we want to see an international vision for governance and security of
the Arctic translated into genuine international concepts and strategies, then
leadership and innovation at the highest level will be needed.

Leadership

For the Arctic Council to become a genuine intergovernmental organisation,
rather than merely a high-level talking shop, a new kind of Arctic Treaty
would be needed. It would transform the organisation into one with a struc-
ture modelled on a regional group like the European Union, with an executive
authority, a military staff committee, and other departments covering a broad
spectrum of activity. But such a daring international move is beyond what is
achievable today, and could upset the existing equilibrium. For a meaningful
and genuine international breakthrough, innovative and courageous leader-
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ship would be needed — a leadership that can inspire a large-scale vision for
a large number of people. It requires leadership to articulate a vision for the
future that can inspire change. It takes leadership to see beyond what is being
done to what might be possible.

The breakthrough driven by nature is forcing human innovations and
breakthroughs. These national movements, with breakthroughs at national
or subnational levels, are collectively driving breakthroughs at the macro level,
to an outcome that will be more than the sum of its parts. The natural break-
through is creating a new regional and strategic balance, and with varying
levels of urgency a flurry of smaller innovations and breakthrough processes,
ranging from ministries to national governments to international organisa-
tions. On the whole, these developments are very promising.

But what we have not yet seen is an inspirational leader like President
John F. Kennedy, who articulated a large-scale vision, inspiring and chal-
lenging his nation to innovate in order to accomplish a seemingly impossible
task within a decade.

But why, some say, the moon? Why choose this as our goal? And they
may well ask why climb the highest mountain? (...) We choose to go
to the moon. We choose to go to the moon in this decade and do the
other things, not because they are easy, but because they are hard,
because that goal will serve to organise and measure the best of our
energies and skills, because that challenge is one that we are willing
to accept, one we are unwilling to postpone, and one which we intend
to win. '3

After Kennedy’s speech, industries were mobilised, and innovations sprang
up in textiles, metals, plastics, aviation and many other areas. An entire gen-
eration was inspired to take up science, with global benefits that have reached
into every industry and field of science, and endure to this day. The discover-
ies of science can lead to policy outcomes, but genuine leadership inspiring
innovation can be more enduring. If a great leader emerged and challenged
his nation to innovate on a large scale, the impact could last deep into the
century. Will a leader emerge in the coming decade to inspire us to innovate
in the same way in the Arctic?
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CHAPTER 5

EUROPE'S
ENERGY
IMPASSE

Energy is the cornerstone of daily life and industrial
activity. Industrial development has always been based
on proximity and access to energy sources: Britain’s
Industrial Revolution was driven by coal, while China’s
industrialisation was kick-started by the availability of
hydrocarbons in the Daquing region. Today, Western
economies and China are both dependent on energy
imported from countries with unstable regimes. To prevent
such dependence, France developed its own nuclear energy,
which today supplies most of its domestic and electricity.
But Europe as a whole, and France in particular, may be
overtaken by circumstances and events leading to an
energy impasse. The explosion of demand, awareness of
climate risk and emissions targets, the US shale gas
revolution, the impact of the Japanese tsunami and the
Fukushima disaster, and the impact of the global financial
crisis have all contributed to political division and
indecision across Europe. The only way forward is by
technological innovation and commitment to research and
development. The author considers the role of smart grids,
electricity storage, offshore wind, CO2 recycling, carbon
capture and storage technology and hydrogen technology
in overcoming the impasse.

THE KEY FACTORS IN DOING SO WILL BE INNOVATION AND
BREAKTHROUGHS, VISION, LEADERSHIP, AND THE ENVIRONMENT.

QUALITATIVE ANALYSIS: PAGE 371

FRANCOIS CHABANNES
WITH THE ASSISTANCE OF JACQUES LANXADE



INTRODUCTION

Energy is not a product or activity like any other. Energy acts as a corner-
stone of national economies. The control of energy determines an economy’s
efficiency.

Since prehistoric times, humans have had unrestricted access to abundant
free energy from the sun, wind, water, etc. Those who first understood this
potential innovated and gradually came to control their environments, their
prey, their predators and their fellow humans. First it was fire, through burn-
ing wood in the oxygen provided by air, which gave people access to cooked
food, heating, light and safety. In the ashes of their fireplaces, they discovered
metals from which they forged weapons and tools.

Then, after several millennia, chemical energy was developed from pow-
ders, propulsives and explosives. Those who first mastered these techniques
constructed firearms and artillery, sweeping away the equilibrium of belliger-
ents in Europe and destroying empires in America. Then came the discovery
of thermodynamics, transforming the power of fire into mechanical energy.
Over the last two centuries, coal used to power steam engines and hydrocar-
bons used to fuel combustion engines have played a decisive role in global
confrontations between nations by determining the mobility of their armed
forces. Finally, just a matter of decades ago, humans discovered nuclear en-
ergy, embraced nuclear deterrence, mastered light energy from lasers and
discovered the infinitely small quantum where mass and energy are one and
the same.

In order to master energy, you have to have the means to deliver it. When
the Industrial Revolution started at the end of the 18th century, Britain's car-
bon resources in the form of coal were of the same order as Saudi Arabia’s oil
reserves discovered in the mid-20th century. Carbon was the means of con-
veying energy that made Britain great and allowed it (temporarily) to domi-
nate the world. Its coal resources would start to decline by 1918 together with
its political power. It was only in 2000 that the United Kingdom rediscovered
energy from oil and gas in the North Sea, which by 2014 was again heading
towards depletion.

Comparable analyses can be conducted for other countries in Europe, in
particular France and Germany, and also extended to the United States and
the Soviet Union. By the end of 1945 the latter two nations were the largest oil
producers in the world. They managed to bring Germany and Japan to their
knees by blocking access to oil reserves (in the Caucasus and Indonesia) that
were vital to their war efforts. The US’s progress in this respect is particularly
significant. In 1945, aware of having started to exhaust domestic reserves (in
Texas) by supplying US armed forces deployed virtually all around the world,
President Franklin D. Roosevelt signed a global agreement with King Ibn Saud
of Saudi Arabia on the way home from Yalta.

Since that time, the US’s dependence on its oil suppliers from the Middle
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East and OPEC has continued to grow and requires an enormous perma-
nent military commitment in the Middle East to secure its supply. The two
Gulf Wars, in Kuwait and Iraq, are an illustration of this. The vast US debt,
a consequence of an annual deficit that is practically the same as the coun-
try's military expenditure, has resulted in a dramatic loss of competitiveness
when compared to emerging economies. We will consider below how the shale
gas revolution, starting in the early 2000s, will probably quickly re-establish
the US as the number one oil and gas producer in the world, becoming an
exporter while other developed and emerging countries will still be major
importers over the coming decade at increasingly high prices. Once again,
geopolitics will be turned upside down by energy. In particular, why would the
US, which has played a policing role in the Gulf for some sixty years, maintain
its powerful but costly military deployment in the Middle East if it is no longer
directly involved, unlike Europe and Asia?

The example of China is also just as instructive. The discovery of huge
hydrocarbon reserves in the Daqing region in 1959, some 16 billion barrels,
allowed China to launch its extraordinary industrial development. But the
Daqing reserves, from which 11 billion barrels have already been extracted,
had entered into decline by 2007. As was the case with the US, China is now
dependent on the Middle East for over half of its oil consumption (9.4 million
barrels/day). However, also similar to the US, China has enormous reserves of
shale hydrocarbons (3,600 trillion cubic metres), ahead of the USA (24,000),
Canada (11,000) and France (5,200).

One can see from these examples that countries, or more precisely eco-
nomic entities, that benefit from abundant cheap energy, can develop. A lack
of energy leads to recession and conflict.

It was this logic that led France, in reaction to the first oil shock of 1973,
to devote itself to building up its nuclear generating capacity, ultimately ac-
counting for three-quarters of its electricity needs with the remainder coming
from hydroelectric generation. This has allowed France to reduce its depend-
ence on oil and coal, energy sources that were threatening to strangle French
economic development, to a minimum. It is this abundant electricity supply
that has allowed France to pursue considerable development of industries that
have high energy requirements (such as cement and aluminium). But France
has remained largely isolated in its initiative. By the end of the 20th century,
at the beginning of the major transformations which we will now describe,
the majority of global energy came from the fossil resources coal, oil and gas
(85 per cent), and the majority of developed countries are highly dependent
(UK 90 per cent) on foreign, often politically unstable, suppliers (Iraq, Iran,
Libya, Venezuela, etc)

However in the space of a decade, the situation has fundamentally
changed, with Europe, and France in particular, letting itself be overtaken
by new circumstances. Nevertheless, technological breakthroughs have the
potential to offer an escape from this situation.
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2000-2013: THE TURNING POINT FOR GLOBAL ENERGY

2000-2013: The explosion in demand

In 2000, the global population was 6 billion, rising to 7 billion by 2012. The
forecast population for 2025 is 8 billion, a figure that is predicted to rise to 9
billion by 2050. In 2013, some 1.4 billion people, in other words 20 per cent
of the world population, still did not have access to electricity, while 3 billion
people depended on wood and coal as their main fuel. Globally, humanity's
requirement for primary energy may increase from 13 Gtoe [billion tonnes of
oil equivalent] to between 26 and 36 Gtoe in 2025.

Furthermore, the lightning development of information technologies has
made access to electricity a need that is perceived as a priority, ahead of issues
that are perhaps more pressing for daily life. The digital economy consumed
some 10 per cent of global electricity in 2013. Decentralised approaches using
renewable local sources of energy are appearing but remain limited. These
may offer a solution for Africa.

1995-2013: The realisation of climate risk

The greenhouse effect caused by the unrestricted release of CO- and other
greenhouse gases into the atmosphere from the combustion of fossil energy
in the form of coal, oil and gas has been clearly identified since the turn of
the century. Between 1800 and 2000, the level of CO- in the atmosphere rose
from 280 to 360 ppm (parts per million). It is now 400 ppm (May 2013) and
this level will continue to rise as a result of the massive global consumption
of coal (in Europe, particularly in Germany).

It should be recalled that humanity emits approximately 30 gigatonnes of
CO: a year, of which 15 Gt can be absorbed by the environment (by forests
and oceans) and 15 Gt is added to the 1,500 Gt already produced by humans
since the Industrial Revolution.

In 1995, the United Nations (163 countries) launched a vast negotiation
procedure at Kyoto, with a protocol eventually being signed in 2005. The
overall objective was, between 2008 and 2012, to reduce the emissions of
greenhouse gases (CO2, CH., NO., etc) of all industrialised countries by 5.2
per cent in relation to 1990 levels.

During the long and complicated negotiations, three major blocks of inter-
national consensus formed. One was led by the European Union, driven by re-
newable energy lobbies and environmental NGOs who identified the absolute
priority as ceasing CO: emissions in the shortest time possible. Another, led by
the US, considered that the commitments by major emerging countries, and
China in particular, were insufficient as they were the main emitters of green-
house gases. The US signed the protocol but the US Congress did not ratify it.

The third group, bringing together major emerging countries, recognised
the urgency of the climate situation but ascribed historical liability to Western
countries. They wanted to maintain their priority for economic development
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which required the massive consumption of fossil energy in the short term.
They undertook to launch ambitious programmes for low-carbon energy in
the medium term, in particular nuclear generation, an option they described
as renewable energy.

In 2014, nearly twenty years later, it can be said that the intense and inter-
minable negotiations of Kyoto did at least result in the reality of global warm-
ing as a result of human activity being very widely accepted. The negotiations
also identified the need to economise on the use of exhaustible resources that
belong to the whole of humanity and not just to current generations.

2000-2013: The shale hydrocarbon revolution in the USA

Traumatised by the attacks of 11 September 2001, President George W.
Bush’s US, after having launched a punitive offensive in Afghanistan, invaded
Saddam Hussein’s Iraq (March 2003) as a preventative war against supposed
weapons of mass destruction. It was in fact a conquest that had the strong
scent of petroleum (and Texas) about it, the objective appearing to many to
be the securing of energy supplies for an American economy that had become
increasingly dependent on a hostile Middle East.

It was around this time, from 2000, that small and medium-sized US
drilling companies began exploring the possibility of extracting gas and oil
held in impermeable bedrock. This development particularly sparked inter-
est because, in geological terms, oil is most frequently held in impermeable
bedrock. Alluvium containing organic material slowly sinks into the Earth's
crust under the weight of subsequent layers and ultimately, at a depth of
1,500 metres, the pressure and temperature conditions are such that the or-
ganic material is transformed into kerogens and then into hydrocarbons. If
the surrounding alluvium, known as the bedrock, is impermeable, the gas
and oil remain trapped and fracturing would be required for extraction. If,
on the contrary, the bedrock is permeable, the hydrocarbons, being lighter
than water, escape their bedrock and migrate towards the surface. They are
then trapped in natural geological reservoirs and can be extracted using con-
temporary conventional techniques.

This means that as impermeable bedrock is more common than perme-
able, much larger amounts of hydrocarbons can be released if efficient in situ
fracturing can be conducted.

Although they were not originally developed for shale hydrocarbons, the
oil industry has separately mastered two relevant key technologies. The first
is directional drilling that was developed from offshore technology, allowing
horizontal drilling through alluvial layers that have not been inclined by tec-
tonics. The second is hydraulic fracturing, which was used for several decades
to extract remaining petroleum resources from conventional wells reaching
depletion. The breakthrough innovation has been to combine these two tech-
nologies that have been used for decades to fracture and then extract hydro-
carbons from impermeable bedrock.
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The pioneers of shale gas extraction very quickly discovered huge reserves
(in Texas, Pennsylvania, Ohio, Alabama, Wyoming and Colorado). However,
these pioneers have often been far from exemplary in terms of their respect
for the environment and have given rise to a wave of “green” condemnation
that portrays shale extraction as using huge amounts of water while present-
ing a major risk to groundwater. In the US, these pioneer companies were
quickly acquired or eliminated by much more powerful and influential drilling
companies. Production became considerable from 2005: 5 million barrels/
day in 2008, 6.2 million in 2009. The US is now self-sufficient in natural gas,
and prices are a third of those in Europe. The US is set to regain its position
as the world’s largest oil producer by 2017, a position it held a century ago.

Beyond the figures, the essential fact is that the US has rediscovered abun-
dant cheap energy. The competitiveness of US industry has improved in com-
parison with emerging nations, and in particular with regard to its main rival
China, whose export economy is closely linked to oil.

Fukushima disaster

On 11 March 2011, a massive magnitude 9 earthquake hit north-eastern Ja-
pan. It was the most powerful earthquake ever recorded in the country. The
epicentre lay in the sea some 300 kilometres off the coast. The consequent
tsunami arrived at the coast about an hour later. The tsunami wave reached
30-40 m in places and ravaged nearly 600 km of coast as far as 10 km in-
land, devastating many towns and port areas. As the warning had been given
54 minutes earlier, much of the population managed to take refuge at high
points. Nevertheless, 18,500 people were killed or went missing and approxi-
mately 100,000 were injured.

In contrast, the earthquake itself caused only minimal damage to infra-
structure and buildings, in particular in Tokyo, which largely stood up to the
tremors although buildings were tested to the limits of their anti-seismic ca-
pacities. In particular, 18 nuclear power stations and their 54 reactors all shut
down at the time of the earthquake with reactor core control rods deployed
to stop chain reactions.

However, the tsunami flooded the Fukushima power plant. The tsunami
wave exceeded 15 m in height while the protective barrier was only 6 m
high and designed to withstand earthquakes of magnitude 8. The equipment
designed to cool the four reactors in operation (out of a total of six), after
the automatic shutdown when the earthquake hit, was swamped as well
as the emergency diesel units. As the cooling of the nuclear cores failed,
temperatures exceeded the limits beyond which fuel pellets fuse. Fires and
explosions of the hydrogen released by superheated water devastated instal-
lations that had been commissioned in 1970-74 from designs dating back
to the 1960s.

The details of the tenacious battle by the authorities and the Japanese people
to control the situation, with the evacuation of an area of 20 km radius around
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the power plant, have been the subject of many accounts and analyses. Cru-
cially, favourable winds blew the radioactive cloud that formed after the explo-
sions over the Pacific Ocean instead of over the land mass and possibly Tokyo.

In technical, industrial and environmental terms, the main lessons have
now been drawn from Fukushima and its impact on the Japanese economy
has been assessed. However, the effort to stem the infiltration of radioactive
water and decontaminate soils continues.

As usual in the case of nuclear issues, arguments have raged between those
who want to consider Fukushima a global catastrophe that should conclusively
condemn nuclear power and those who see the accident certainly as a major
incident, but who wish to put things in perspective in view of the human
drama of a Japan that has once more suffered an extremely violent seismic
event but which, overall, has dealt with it effectively. Beyond the arguments,
we should simply focus on the facts.

Fukushima showed that nuclear installations must be protected against all
adverse events, even if “totally improbable” such as a magnitude 9 earthquake.
Consequently, in the current industry, “hard core” facilities must guarantee
the evacuation of the residual energy of an affected reactor in all circum-
stances. Alternatively, the sector must change and adopt reactors that extin-
guish themselves naturally if temperatures rise. This technology exists.

Fukushima has shaken up nuclear policy in Europe alone, even though
detailed safety analyses have been conducted all around the world. In the USA
the Nuclear Regulatory Commission (NRC), the regulatory authority, gave the
green light after Fukushima to the construction of two new reactors for the first
time since 1978, the date of Three Mile Island. India, China and Russia con-
ducted additional safety evaluations but relaunched their programmes, with
China intensifying development. In Europe, Fukushima has been the subject of
powerful media and political/ideological campaigns orchestrated by green lob-
byists to make the incident a “Chernobyl II”, with the result that without any
consultation at European Union level, Germany, Italy, Belgium and Switzer-
land quickly announced that they were abandoning their nuclear programmes.

France displayed indecisiveness, maintaining its EPR programme while
announcing the closure of the Fessenheim reactor and the reduction of its
generation of electricity through nuclear means from 70 per cent to 50 per
cent by 2030. Only the United Kingdom remained steady, with a diversified
energy mix including nuclear and large offshore wind farms. Fukushima ap-
pears to have thrown light on the divide in Europe on the role of nuclear
power in its energy future.

2000-2008: Upsurge in intermittent renewable energy (IRE)

With the momentum of Kyoto, started in 1995 and signed in 2005, and against
the background of a global consensus in the fight against greenhouse gases,
IRE suddenly appeared on the scene around 2000 as the major weapon
against climate change. Systems of subsidies for IRE were established in most
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developed countries from 2000, featuring advantageous purchase tariffs, fi-
nanced by the consumer, and accompanied by priority access to distribution
grids and investment aid.

Rather belatedly (2008), the European Union adopted an action plan
known as the “Climate and Energy Package” that set “20-20-20” targets for
common European energy policy by 2020 by raising the share of renewable en-
ergy in the European energy mix to 20 per cent; by reducing CO- emissions in
EU countries by 20 per cent; and by improving energy efficiency by 20 per cent.

Germany appeared as the champion of IRE during this decade. The coun-
try tripled the contribution of IRE to its electricity consumption in just a few
years. It established a photovoltaic solar power industry that developed rap-
idly (Qcells, Solarwatt, Siemens), employing 125,000 people by 2008. Wind
power also took off: in the space of a few years, 19,000 wind turbines have
been constructed to provide generation capacity of 23 GW. A solid export
industry has been established (Enercon, Nordex, Ostwind, Repower) that had
captured 50 per cent of the global market by 2007.

The US wind power industry, also benefiting from subsidies, developed
rapidly in this period. In 2013, the US was the country producing most energy
from wind power, installing 35.3 GW that year (with a cumulative capacity of
318.1 GW), and is projected to reach 64 GW annual installed capacity by the
end of 2018, with a cumulative capacity of nearly 600 GW. The industry is
led by General Electric Energy, an exporter and leader of some 15 good-sized
companies. Although the feed-in tariff offered is only some 20 per cent of the
French tariff, tax breaks in favour of wind power have been effective in promot-
ing the development of this industry, although it remains vulnerable as a result.

China has come late to this sector, but has mobilised its considerable re-
sources with a view to creating an export industry. It was still far behind the
US and Europe in both the wind and solar power sectors (6 GW) in 2008
but had already launched its solar panels and wind turbines onto the global
market. Its practice of export dumping has started to destabilise Western
production centres, but its household equipment objectives will ultimately
also make it the leading global market.

In France between 2000 and 2008, it was a case of “more haste, less
speed” behind the shelter of its nuclear programme, which supplies some 70
per cent of the country’s electricity without producing CO-, giving it the lead-
ing position in Europe in terms of carbon cleanliness. It does not have any
land-based wind industry. Its solar power industry (Photowatt) has not taken
off at all. As for the British, similar to the Danes in turning their attention to
the sea, they have favoured offshore wind generation in a very varied energy
mix. However, by 2008, the country only had a limited IRE capacity.

2008: The financial crisis: impact on European energy

The American bank Lehman Brothers was declared bankrupt on 15 September
2008 and the US authorities decided not to rescue it. Stock market prices
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tumbled. Interbank credit dried up. Central banks had to inject massive
amounts of liquidity to avoid meltdown.

In Europe, in the earlier credit crisis, the ECB had to refinance banks and
released over €200 billion in a single week in August 2007. After the Lehman
collapse, European states introduced measures to avoid panic by savers and
were obliged to assist their banks by recapitalising them. Dexia was temporar-
ily saved by funding of €6.4 billion from France, Belgium and Luxembourg.
Germany injected €50 billion to save one of its biggest banks, and the United
Kingdom announced a rescue package of £50 billion for its banking sector. In
the US, the House of Representatives passed a $700 billion rescue package.
These actions restored confidence but did not have the effect of relaunching
economic activity.

One consequence was that Europe reduced its subsidies to renewable en-
ergy. The bubble of the green economy, generously subsidised from 2000-
2008, deflated at the end of 2008. The German photovoltaic industry, also
under attack from Chinese overproduction, was devastated. In Europe, where
solar electricity cost up to ten times the price of fossil fuel energy, the bank-
ruptcies mounted up. It was only in 2010 that the EU decided to inject €4
billion into new energy, of which €1 billion went into smart grids. In the
intervening time, investment in IRE had been reduced by half. Growth only
returned in 2011, and at a slow pace. Meanwhile, CO- emissions had started
to rise once again.

During the crisis, Asia increased its investment in energy capacity in all
sectors—nuclear, renewable and fossil—and rapidly caught up with Europe
and the US in terms of capacity. China has even overtaken the US in wind
power and India is close to Europe in terms of nuclear generation.

EUROPE FACING AN ENERGY IMPASSE

Despite fifteen years of effort, Europe remains profoundly dependent on fossil
fuels, oil and gas in particular. Every year it spends 500 billion euros import-
ing hydrocarbons. This dependence has recently been heightened by the deci-
sion of six countries to renounce nuclear power. This has had the immediate
effect of Germany increasing its coal imports, in particular from the US where
there is a surplus due to the boom in shale gas.

Europe does not seem to acknowledge that not only is its population among
the most densely packed in terms of the number of people per square kilome-
tre, but it also has the highest energy consumption in terms of KWh per person.
The German dream of meeting 100 per cent of its energy requirements from
intermittent renewables (IRE) cannot be achieved on its territory which is
too confined and too densely populated. Beyond its lack of space, Europe also
does not seem to be aware of the cost of the intermittent nature of IRE, which
requires colossal investment in transport and distribution networks (smart
grids) and the storage of electricity in order to satisfy peak user demand.
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As a result, unless it chooses an energy mix using the currently available
technology, associating spatially hyper-dense nuclear power plants with low-
carbon intermittent renewable energy spread out over large sites, Europe is
condemned to dependence on fossil fuel and pollution from greenhouse gases.
But beyond environmental considerations, the European energy impasse is
basically political and economic in nature. While the US will have abundant
cheap oil and gas available in the short term and China, India and Brazil will
have optimised energy mixes ranging from nuclear to wind power, how can
Europe, mired in a battle between the climate and technology lobbies, hope
to remain globally competitive?

Without a return to an energy mix incorporating balance and common
sense that alongside the use of IRE embraces the risk of nuclear power and
the opportunity of shale hydrocarbons, and is reasonably compatible with
environmental concerns, Europe is condemned to a deindustrialisation that
will not even leave it with the resources to subsidise the intermittent renew-
able energy that would be its root cause.

France’s indecision

Although it has a well-developed nuclear sector, France has destroyed its ex-
port credibility in this industry by revealing the uncertainty of its political
commitment to this source of energy to the whole world. How can exports
be made under these conditions when it is clear that in the nuclear sector
partnerships between suppliers and clients must be able to be guaranteed
for at least a decade? And how can it do without an export industry which
represents, together with aeronautics and luxury goods, one of France’s last
chances to restore its balance of payments, in a country in the throes of full
deindustrialisation and which is being bled white by fossil energy imports to
the extent of €70 billion a year?

Furthermore, in order to develop IRE and offshore wind power in particu-
lar—the only approach that offers the enormous space required—production
must be subsidised while the sector is still uncompetitive and very heavy in-
vestment made in infrastructure to adapt networks to the unpredictability of
generation (smart grids). France’s financial situation may very soon prevent
it from being able to do this.

CAN TECHNOLOGICAL BREAKTHROUGHS RESOLVE
EUROPE’S ENERGY IMPASSE?

Intermittent renewable energy (IRE: wind and solar power) is different from
permanent renewables (hydroelectricity, biomass, geothermal, etc). In addition
to being unpredictable, IRE is limited in Europe by its poor spatial-temporal
density (wind power: 2.5 W/m?2 for 2,000 h/year; solar PV: 5 W/m? for 1,000
h). Western Europe does not have the available space nor the wind or sun
necessary to produce an essential part of its energy requirements from IRE.
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Without state subsidies, IRE is not competitive. The solar power bubble
burst when initial subsidies declined. Wind power may follow a similar path,
in particular in European countries affected by the ongoing severe budgetary
crisis (Spain, Italy, France, etc). Although supported politically by parties with
green credentials, IRE facilities are often violently opposed locally by environ-
mental groups who accuse them of ruining the landscape.

While given priority, the “forcing” of IRE is not always welcomed by the
current distribution grids that favour demand over supply. Any halting of
fossil fuel or nuclear generation to give priority to “green” supplies entails an
increase in the hourly cost of electricity and substantial line losses.

Intelligent networks (smart grids)

Traditional electricity transport and distribution grids are optimised to re-
spond to demand by immediately adapting to preserve the network’s stability.

The major innovation of smart grids consists in acting on demand to stabi-
lise it (intelligent meters, off-peak) as well as, in particular, on generation to
optimise it by integrating the random nature of IRE with the variable reactiv-
ity of energy sources used to compensate for it (nuclear is slower than gas and
hydroelectric power plants).

Although the productivity of photovoltaic solar power is relatively easy to
anticipate, with uncertainty limited to the intensity rather than the timing,
location or duration of generation, it is not the same for wind power. Wind
speed, even if supposedly well-established, experiences considerable random
fluctuations that are difficult to predict even over the very short term (<1 hour).

Smart grids that integrate wind power generation must thus have access to
continuous forecasts of fluctuations and the impact of these on each turbine’s
production capacity. This involves the manager of each wind farm accurately
adjusting the modelling of that wind farm’s production to local weather con-
ditions. This new approach involves a great many parameters such as the
energy production differential between wind turbines according to their posi-
tion within the wind farm and the direction of the wind (shelter effect), result-
ing in fluctuations in electricity generation, load drop-outs and out-of-service
equipment. The introduction of wind power into a smart grid thus requires a
considerable amount of data to be provided in real time.

The models currently used to simulate airflows in wind farms are unsatis-
factory because they do not take into account the possibility of turbulent gusts
of wind and resonance. The prediction of these factors is required to allow the
speedy disconnection of wind turbines at risk in order to ensure safety and
avoid dangerous fluctuations of voltage.

New modelling combining probability and fractal mathematics is being de-
veloped and will profoundly change current grids by improving their global ef-
ficiency, in particular in terms of CO: emissions, but will also greatly increase
costs. Considerable investment in digital sensors, processing equipment and
developing hypercomplex software is required and may take up to ten years
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before being fully operational. The development of smart grids is one of the
conditions necessary if the progress of intermittent renewable energy is to
meet a substantial proportion (maybe 30-40 per cent) of electricity generation
in Europe (and perhaps globally).

Electricity storage

IRE poses the acute problem of how to store electricity on a large scale. The
unpredictable peaks and troughs of wind power, and to a lesser extent the
maximum generation of photovoltaic units, occur several hours before peak
demand at the end of the day. This makes it necessary to store electricity from
IRE generation in order to supply it to meet demand. The stability of grids
and their productivity depends directly on this factor. The only technique for
storing electricity on a large scale that has currently reached maturity is pump
storage. Water is pumped to an elevated reservoir when excess electricity can-
not be fed into the grid. This water is then returned to a lower reservoir to
generate electricity to respond to peaks in demand. Pump storage systems
have efficiency of approximately 80 per cent. Globally, such schemes can store
140 GW, of which 45 GW is in Europe and 5 GW in France. However, the
number of sites still available is limited and new projects generally encounter
hostility from local residents. Thus innovation is required in the field of elec-
tricity storage. There are se veral candidate technologies at present.

Mechanical solutions have been identified for some time but remain at the
experimental stage. These consist of flywheels turning in a vacuum, brought
up to speed by an electric motor supplied by peaks in electricity generation.
The system then returns energy to the grid when the wind dies down or the
sun sets. Another solution consists of storing electricity in the form of com-
pressed air injected into natural large-scale enclosed spaces (caves, aquifers,
etc). Efficiency of 40-70 per cent can be obtained with the recovery of the
compression heat (pump storage efficiency is 80 per cent).

Electrochemical solutions using accumulators and batteries for large-scale
storage have, up to now, only been developed for military applications (sub-
marines). The first innovations to store intermittent renewable energy have
been based on large sodium sulphur accumulators developed in Japan (NGK).
With modular power of 1-2 MW, they can store 80-100 WH/KG. This technol-
ogy uses readily available, inexpensive materials. It is already used in the con-
trol of output from gas power stations during off-peak hours for resale during
peak hours (80 MW). It may represent a solution for smart grids using IRE.

Lithium-ion, from the automotive sector, may offer an alternative to the
sodium sulphur option. Furthermore super capacitors, condensers used in
transport to recover braking energy, could be adapted to smooth out addi-
tional voltage from wind turbines submitted to gusts of wind.

Finally there is hydrogen, which is easy to produce by electrolysis. It can
subsequently be used to produce electricity by means of a fuel cell. However, the
overall efficiency is low (35 per cent) and fuel cells are still expensive. Hydrogen
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is not an ideal solution to smooth out the unpredictable voltages of wind and
solar power. In summary, systems to store and then return electricity will be
essential to deal with intermittence in grids when, after subsidies and prioritisa-
tion have dwindled, market realities are imposed to optimise the inclusion of
wind and solar power in smart grids. There are several solutions in existence;
their costs will be the determining factor in the forthcoming competition.

Offshore wind power

Offshore wind power is gradually gaining pace in Europe in contrast to on-
shore wind power, which suffers from inefficiency due to the dispersion of
wind in areas of high human density and severe pressure because of environ-
mental concerns. Offshore offers stronger, more constant winds (30 per cent
load factor offshore compared with 20 per cent onshore), more space and
fewer constraints, accommodating higher, more powerful and more efficient
wind turbines (7-8 MW).

On the other hand offshore suffers from the gigantic scale necessary for
turbines weighing 6,000-7,000 tonnes which require enormous foundations
to anchor them to the seabed. Although opposition is not as strong as it is
from local residents to onshore developments, many people are still against
offshore wind farms as they consider them an intrusion on coastal landscapes,
and in particular detrimental for fishing and amateur sailors.

Thus the interest in farshore projects in deep water. The wind turbines are
no longer anchored to the seabed but are semi-floating and held in position
by several anchors. This could allow larger units to be constructed that of-
fer a considerably improved performance (possibly 10 MW) while remaining
mobile to minimise losses from interference. Farshore turbines have more
space, benefit from regular winds and cannot be seen from the coast. Much
of the technology developed on oil production platforms in the North Sea is
applicable. Companies in the sector are already offering “wind float” solutions
for depths of 30-1,000 m at over 30 km from the coast.

Farshore offers a semi-breakthrough technology that could open up access
to wind power for electricity generation on the scale required by European de-
mand, replacing fossil fuels and without emitting CO. or affecting landscapes.
But a major uncertainty remains in the shape of the maintenance costs of
these units which may turn out to be prohibitive.

Recycling anthropogenic CO2

In 2013, the 500 million inhabitants of Europe consumed 1,700 Mtoe (mil-
lion tonnes of oil equivalent) of primary energy, in other words 15 per cent
of the energy produced in the world. This represents 3.6 toe (tonnes of oil
equivalent) per person per year (France 4.2 toe, USA 7.2 toe). Some 56 per
cent of this energy is imported, namely 80 per cent of oil and 65 per cent of
gas. Coal is the main ingredient of domestic energy. The result: Europe emits
some 4,500 million tonnes of CO- a year.
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Unless there are technological developments, this Europe, currently 8o
per cent dependent on fossil fuels, will not achieve its greenhouse gas reduc-
tion targets set for 2050. Overall, emissions are currently stagnating due to
the economic crisis but continue to rise in Germany, which has called a halt
to its nuclear programme and is consequently importing American coal and
opening lignite mines. Emissions are set to rise when the expected return
to growth materialises. What technological breakthroughs could shatter this
downward spiral?

Carbon capture and storage (CCS)

This procedure consists of recovering the CO- from production sources and
storing it in undergro