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To the future of my little boys—Oskar and
Edvard,

Now you know where effort and hours have
passed.

I have been reading, pondering and working
so hard,

trying to understand how modern society
should last.

Not that I am a prophet, fortuneteller, wizard
or such,

telling the future in images and words of
convolution.

I am simply afraid we humans have not
learned as much,

as we should from 200 years of Industrial
Revolution.

Rio, Kyoto, Copenhagen, Paris, Lima and
what’s more,

what have really changed from all these
years of discussion?

Most of us agree on the inconvenient truth
from Al Gore.

Yet, all we are left with is just intellectual
CONCUSSION.



We need not know the impact of every gas
and emission,

neither do we need politics based on scientific
taxonomy.

All this just hides the simple fact, an obvious
omission,

what we need is many, small steps across the
economy.

A long journey is made of many small steps
in direction,

as an invisible hand guiding every thought
and action.

The sum of many over time is the road to true
perfection,

provided a consistent system is behind every
transaction.

This system can be complex and political or
simple and fair,

I am without any doubt what to choose if the
choice was mine.

Better to work towards a 70 percent solution
than to split the hair;

endless inaction ensues in our search for an
optimum too fine.

Special interests, fear, greed and shortsighted
transactions

must be rooted out from our economic system
forever.

We must amend our capitalist system for
concerted action

to move the world with talent and finance as
a lever.



Preface

There are risks and costs to a program of action, but they are
far less than the long-range risks and costs of comfortable
inaction.

John F. Kennedy

This book is borne out of almost 20 years of research in various fields. In the
1990s, I studied cost management, life cycle costing, life cycle assessments, envi-
ronmental impact assessments, design for the environment, engineering design,
simulation models using Monte Carlo methods, and so on. When I started to work
as a consultant around 2000, however, I quickly ventured into financial modeling,
more cost management, business development, and risk management (both quan-
titative and qualitative). Then, upon leaving consulting and starting my career in
industry in 2004, I studied lean, planning, general management, language and
communication and other areas related to the aforementioned areas. All in all,
however, this gave me a quite broad background, and as my background widened,
I realized more and more the futility of some of the avenues many academics are
pursuing and ultimately the current climate approach.

If you have been in a contract meeting and witnessed the amount of energy put
down in haggling over relatively minor details, we can just start trying to fathom
the amount of disagreement value-laden science will cause of huge, global issues
like global warming and general resource usage. I realized two relatively obvi-
ous things: (1) Without strong political leadership on global scale, the current
approach will never succeed and (2) value-laden approaches make the leader-
ship issue even more demanding and in my opinion impossible. From this, other
obvious conclusions are drawn for me—we need (3) a simple and rugged/robust
approach free from value judgments and hence no special interest discussions and
(4) we must properly engage the economic/financial system because at the end of
the day economic/financial considerations prevail in a free market.

Please note that the views presented in this book are solely those of the author and do not
represent Rolls-Royce in any fashion whatsoever.
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viii Preface

With these ideas, I felt an urge to test my thinking on a qualified audience, so I
wrote some papers on the topic and topics related to it. One of the papers reso-
nated with Anthony Doyle at Springer Verlag in London. He read the paper' I pub-
lished in 2013 and found it interesting enough to contact me concerning writing a
book—so, here it is.

I have tried to write the book starting from the premises and main ideas in
Chap. 1 via the observations I and others have made concerning current efforts as
discussed in Chap. 2. The topic of the book is very complex, large, and difficult to
present in a clear and coherent fashion because it touches almost every aspect of
human civilization. Clearly, this book has greatly reduced the scope of study down
to what we can call the capitalist/systemic side of sustainability. This means that I
have limited the discussion to issues that have to do with transactions in the global
economy as well as changing these transactions via innovation, risk management,
public policy, and the like. This is purely systemic issues, and they are far from
enough to find a complete solution toward sustainable development. For exam-
ple, the social aspect of sustainability is a huge field in its own right as is regional
issues related to pollution, biodiversity, and the like, but these are omitted in this
book due to space restrictions and it is also outside my area of expertise. However,
with all these limitations in mind, I still believe that the book can offer valuable
discussions or hopefully perhaps trigger some valuable discussions by more com-
petent people.

Both finance and innovation are issues that come natural as a part of this book,
so there are chapters discussing finance (Chap. 4), capitalism in general (Chap. 5),
and technological development or innovation (Chap. 7). The purpose of these
chapters is to show not only that there are significant problems today concerning
these topics, but also that in the same topics, there are probably solutions as well
known today.

I have provided a more technical discussion on both risk and uncertainty in
Chap. 3 because I believe that these twins are often mistreated both in finance,
as shown in Chap. 4, and in technological development (innovation)—particularly
when we talk about technology with major potential for destruction, as discussed
in Chap. 7. Some people may find these technical discussions out of place in rela-
tion to the main themes of this book, but I have provided them because the devil
is in the details and I believe that we in a number of areas blindly apply theories
of risk developed for entirely different purposes. This is a problem as it leads to
erroneous decisions. The same is also true for some basic issues like discounting
factors, which is why I have included a discussion about that as well. The fact is
that much of what we need to know to embark in a more sustainable direction is
already known—connecting the dots and making decisions thereafter is perhaps
the most important thing we can do in the next years ahead.

But it is probably not enough if we want changes to take root relatively
quickly. In the corporate world, it is well known that an important part of change

'Emblemsvig, J. (2013). “How economic behavior can hamper sustainable development.” World
Journal of Science, Technology and Sustainable Development 10(4):pp. 252-259.
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Preface ix

management is to change performance measures. Therefore, I have launched a rel-
atively straightforward idea as well in Chap. 6—Energy Accounting. Today’s cli-
mate issues arise from our quest for energy, which is not strange since energy is
such a critical input to socioeconomic development. Instead of making complex
trading regimes that do not work, why not simply start keeping account for energy
consumption in a rigorous way across the economy—just like monetary account-
ing? Then, the economy will get the information flow necessary to start focusing
on energy explicitly and not like today where energy costs are mingled with every-
thing else and are completely lost for most of the economy.

Then, in Chap. 8, it becomes natural to discuss the role of the government—the
great leviathan. Political governance and corporate governance are two sides of the
same coin, and it is simply naive to believe that we will have significant changes
unless there are significant changes made in political governance. Corporations
respond to the frameworks provided by politicians—unfortunately, the reverse
has been increasingly true in the shape of special interest groups winning the day
and adds to that the fact that political governance is very unclear in many cases.
Obviously, this cannot continue. Political leadership is paramount, but not the kind
that seeks to satisfy current wants—we need leadership that seeks to take us where
we ought to go.

Alesund, Norway Jan Emblemsvag


http://dx.doi.org/10.1007/978-3-319-19689-3_6
http://dx.doi.org/10.1007/978-3-319-19689-3_8

Acknowledgments

This book would never have been published had it not been for Anthony Doyle at
Springer Verlag in London who contacted me in 2013. The work presented herein,
however, was not all done in 2013—this is the result of work I conducted from the
1990s when I completed my Ph.D. at Georgia Institute of Technology in Atlanta,
USA. Since then, I have continued with an interest in the field to stay updated
and write papers about relevant topics every now and then. Therefore, I owe many
thanks to the people then—and up to now—that have assisted me in various ways,
notably Professors Bert Bras at Georgia Institute of Technology and Farrokh
Mistree at Georgia Institute of Technology (Kansas University now) who were my
closest supervisors and mentors. They taught me how to write and the process of
scholarship and research. To regurgitate knowledge is not to think although too
often this is the modus operandi in school, but they taught me how to think criti-
cally and find hidden assumptions from which I could do research and add knowl-
edge through the process of scholarship.

Then, during the course of my Ph.D. work, I realized that what is missing is
not so much knowledge or local systems, but will. During my years in industry, as
consultant and later as leader, I realized that too often we make things too complex
and hence susceptible of discussion and inaction. Then, I started to publish again
but with less explicit focus on environmental issues per se and more on general
resource management including making economically sound decisions because
often this is missing. This was learning that became very important for this book,
and I would like to thank those I have worked with over the last 15 years to help
me realize the utter futility of overly complex methods and tools. Aristotle once
said that

It is the mark of an educated man to look for precision in each class of things just so far as
the nature of the subject admits.

How true, but it was industry who taught me this the most effectively—in aca-
demia, this often becomes empty words because implementation in the real world
is often forgotten or ignored or undervalued. Also, implementing modern think-
ing with blue-collar workers can be more demanding than with highly educated

xi



Xii Acknowledgments

people—although, to my amazement, I have in many cases experienced blue-col-
lar workers who are more flexible in their mind than many that are highly edu-
cated. Education of the mind is clearly something different than education of the
heart not to mention common sense!

When it comes to sustainable development, I hope Max Plank is not right,
although I fear he is, when he wrote in The Philosophy of Physics (1936) that “An
important scientific innovation rarely makes its way rapidly winning over and con-
verting its opponents; it rarely happens that Saul becomes Paul. What does happen
is that its opponents gradually die out and that the growing generation is familiar-
ized with the idea from the beginning.” Human history has, after all, rarely been
characterized by planned changes—too often, crises have led the way.

I would also like to thank the reviewers of this book and people at Springer
Verlag for believing in the book in the first place and for helpful comments and
suggestions for improvements along the way. I would also like to thank my friend
Kristina Kjersem for carefully reading through the manuscript and in the process
finding lots of things to fix. When you are deep in the trenches, it is very helpful if
someone can give an honest and impartial review. After all, like Wittgenstein said,
“The meaning of a word lies with its use.”

Thank you all!



Contents

1 FrameofReference............ .. .. .. ... .. .. .. . . .. 1
1.1 The Industrial Revolutionin Brief .. ........ ... ... ... ... ... 11

1.2 Why Systemic Change Is Necessary ...................c..... 17

1.3 Change of Complex SyStems . . .........couvtininnennenenan. 21

1.4 TIdeasfor Changes. .......... ..o, 29

1.5 The Organization of the Book ........... .. .. .. .. .. .. .. ... 33

2 The Quest so Far—And Why It Has Failed . ..................... 37
2.1 The Standardization Efforts and Why They Are Insufficient. ... ... 40
2.1.1 Goal Definition and Scoping . ........................ 42

2.1.2 Inventory AnalysSiS .. ...t 43

2.1.3 Impact ASSESSIMENt. . . v vv vttt 44

2.1.4 Interpretation . ... .......ouintnt et 47

2.1.5 Some Closing Remarks ............................. 47

2.2 The Climate Change Effort and Why It Fails. . ................. 48
2.2.1 The SO, Allowance-Trading System . .. ................ 50

2.2.2  The Emissions Trading System ....................... 52

2.3 Some Final Reflections. . ........ .. .. ... .. .. . . . 60

3 Risk and Uncertainty—Crucial Issues in Finance and Innovation 65
31 RiSK. .o 66
3.2 UNCOItainty . . oottt ettt e e e 68
3.3 RiskPerception ......... .. 71
3.4 Probability, Subjective Probability, or Possibility? .............. 75
3.5 Augmenting the Risk Management Process. .. ................. 80

4 Realigning Finance to Its Original Purpose . . . ................... 83
4.1 Market Fundamentals. . ........ ... ... .. . . .. .. . ... 84
4.2 Managing Financial Risks . ........ ... ... ... ... . ... 90
4.2.1 Mainstream Financial Risk Management. . .............. 92

422 Valuelnvesting. ...........c.oiuiiiiiiinnnan... 105


http://dx.doi.org/10.1007/978-3-319-19689-3_1
http://dx.doi.org/10.1007/978-3-319-19689-3_1#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_1#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_1#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_1#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_1#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_2
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec6
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec7
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec8
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec9
http://dx.doi.org/10.1007/978-3-319-19689-3_2#Sec10
http://dx.doi.org/10.1007/978-3-319-19689-3_3
http://dx.doi.org/10.1007/978-3-319-19689-3_3#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_3#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_3#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_3#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_3#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_4
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec4

Xiv

Contents
4.3 ShOrt-termiSm. . ... ..ottt 114
4.4 High-Frequency Trading . ......... .. .. ... i, 120
45 Herding. .. ... 123
4.6 Learning from Canadian Banking ........................... 126
4.7 The Stewardship of Stocks. .......... ... ... .. .. .. ... 129
4.8 Avenues for Solutions. . ........ .. .. L 135
Reengineering some Capitalist Cornerstones. . ................... 147
5.1 The Economic Problem and Political Economy. ................ 147
5.2 The Environmental Problem in Brief......................... 165
5.3 The Monetary SyStem . ... .......ouenenennenen .. 166
5.4 The Invisible Hand and How to Foster Sustainability . ........... 170
Introducing Energy Accounting. . .. ............................ 177
6.1 Other Forms of Energy Accounting . .. ..................c..... 186
6.2 Defining Energy Content . . ...........c.ouiuiiiinannnenan . 188
6.3 The Framework Supporting Energy Accounting ... ............. 192
6.4 Implementing Energy Accounting . ............... ... ... ..... 194
6.5 Prosand Cons......... ..ot 196
Technological Development—Necessary but not Sufficient ......... 199
7.1 The Ways of Innovation . .. ........... .. ... i, 201
7.1.1 Creative Search for the Invention. .. ................... 203

7.1.2 Screening Which Invention to Develop—Two
Common Caveats . . ..ot 225
7.1.3 Commercializing the Innovation . ..................... 231
7.1.4 Diffusing the Innovation into Society at Large ........... 237
7.2 Taking the Right Risks to Manage Technological Change. .. ...... 242

7.2.1 Using Risk Analyses to Make Decisions

About a Rockslide (Aknes) Case . ........oouvreennen... 244
7.2.2 The Fukushima DaiichiCase . ........................ 250
7.3 The Moral Duty to Delivery Quality Workmanship. ............. 253
The Role of the Government . ................................. 257
8.1 Provide Political Leadership .............. ... ... ... ... .... 259
8.2 Reengineer Finance and Capitalism. ... ...................... 262
8.3 Provide Financial Incentives .............. ... ... ... ... .... 267
8.4 End Dysfunctional Practices ............... ... .. .. .. ..... 273
8.5 Starting Supportive Practices . . ........... ... .. . ... 275
8.6 Build and Maintain a Vibrant Science and Innovation System . . . . . 280

8.7 Some Final Comments on the Government . . .................. 289


http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec6
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec7
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec8
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec9
http://dx.doi.org/10.1007/978-3-319-19689-3_4#Sec10
http://dx.doi.org/10.1007/978-3-319-19689-3_5
http://dx.doi.org/10.1007/978-3-319-19689-3_5#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_5#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_5#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_5#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_6
http://dx.doi.org/10.1007/978-3-319-19689-3_6#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_6#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_6#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_6#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_6#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_7
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec6
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec7
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec7
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec8
http://dx.doi.org/10.1007/978-3-319-19689-3_7#Sec9
http://dx.doi.org/10.1007/978-3-319-19689-3_8
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec4
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec5
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec6
http://dx.doi.org/10.1007/978-3-319-19689-3_8#Sec7

Contents XV

9 The End of the Beginning. . . ............ ... .. ... .. .. ........ 293
9.1 Changing the Participants. . .............. ... ... ... 294
9.2 ChangingtheRules ........ ... .. ... ... . i 295
9.3 Changing the Enforcement of the Rules. . . .................... 301
9.4 Some Final Thoughts . ........ ... .. . .. .. . . . ... 304


http://dx.doi.org/10.1007/978-3-319-19689-3_9
http://dx.doi.org/10.1007/978-3-319-19689-3_9#Sec1
http://dx.doi.org/10.1007/978-3-319-19689-3_9#Sec2
http://dx.doi.org/10.1007/978-3-319-19689-3_9#Sec3
http://dx.doi.org/10.1007/978-3-319-19689-3_9#Sec4

Chapter 1
Frame of Reference

All men seek one goal; success and happiness. The only way to
achieve true success is to express yourself completely in service
to society. First, have a definite, clear, practical ideal—a goal,
an objective. Second, have the necessary means to achieve your
ends—wisdom, money, materials, and methods. Third, adjust
your means to that end.

Aristotle

The Kyoto Protocol from 1997 heralded a new era toward a sustainable future
many believed; however, it should come as no surprise that little has happened.
While some might argue that it is because some has not ratified the agreement,
the reality is that it could never succeed. This book will make it clear why, and
in response present a different approach based on insights from the Industrial
Revolution. This said, to directly transfer findings from one historical context to
another will not work so we are talking more about the underlying concepts, prin-
ciples and ideas resulting during and from the Industrial Revolution.

Many believe that the Industrial Revolution in Great Britain, and later world-
wide, was a technical revolution alone. This is a common simplification that is
important to discuss and debunk if our societies are to become sustainable. The
technical marvels of James Watt (1736-1819), George Stephenson (1781-1848)
and other pioneers were naturally an ingredient of the revolution, but they were far
from sufficient. In fact, Georg Friedrich List (1789-1846) claims outright that,

It is absurd to attribute specially to the English greater mechanical talent, or greater skill
and perseverance in industry, than to the Germans or to the French. Before the time of
Edward III the English were the greatest bullies and good-for-nothing characters in
Europe; certainly it never occurred to them, to compare themselves with the Italians and
Belgians or with the Germans in respect to mechanical talent or industrial skill; but since
then their Government has taken their education in hand, and thus they have by degrees
made such progress that they can dispute the palm of industrial skill with their instructors.

ISee his classic from 1841; List, F. (2005b). The National System of Political Economy—Volume 3:
The Systems and the Politics. New York, Cosimo Classics. p. 124.

© Springer International Publishing Switzerland 2016 1
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2 1 Frame of Reference

The plain fact is that the British Industrial Revolution depended on water power
(and not steam power) for more than half a century, and by improving the design
of water wheels, Joseph Smeaton (1724-1792) more than doubled the power out-
put in the late 1700s.2 In fact, at the beginning of the Industrial Revolution, naru-
ral advantages were the key, but these were soon overtaken by created advantages.

Technical marvels are no strangers to human history—take the invention of
concrete in Roman time... yet, nothing revolutionary happened except that they
could make buildings like nobody else for centuries to come. Even the financial
contract itself had been invented without triggering a revolution, although it has
been an indispensable innovation in human development for at least 7000 years.>
Interestingly, even the results after the so-called digital revolution are hard to
detect. In fact, Nobel laureate Robert Solow points to the failure of new technol-
ogy to boost productivity stating that “like everyone else, are somewhat embar-
rassed by the fact that what everyone feels to have been a technological
revolution... has been accompanied everywhere... by a slowdown in productivity
growth.”* The phenomenon is now known as the Solow paradox. There are several
explanations for this—based on my review on innovation the last years—I believe
that it is due to time lag between the potential new technology offers and society’s
ability to harvest this potential through changes in work practices, organization,
leadership, etc. This also occurred during the Industrial Revolution.

This is essentially what List also says—it is everything around technology that
takes time to build and is hard to establish. It requires a systemic effort where
technology is actually a rather small piece of the puzzle. It is tempting to draw
some linkages to lean conversions where it is often said that 20 percent of the
result is created by technology changes (hardware), whereas changing people
(software) produces 80 percent of the results and naturally takes most of the time
and effort.’> Therefore, I believe that the Industrial Revolution did not really come
in place due to technology, but the changes that came put technology in a better
context enabling a self-reinforcing, and hence revolutionary, process to take place.
Providing this context must be the primary objective in our quest toward sustaina-
bility—not researching new technology per se.

In short, changes in legislation and institutions were the key, as we will see
later. One of the most important legislative changes was the law of limited liability
because they were a key to industrial capitalism which fueled the revolution.®

2See Freeman, C. (2002). “Continental, national and sub-national innovation systems—comple-
mentarity and economic growth.” Research Policy 31(2): pp. 191-211.

3According to The Economist (2014c). The slumps that shaped modern finance. The Economist.
411: pp. 47-52.

4See The Economist (2014d). Special report on World Economy: The third great wave. London,
The Economist. p. 18.

3See for example Mann, D. (2010). Creating a Lean Culture: Tools to Sustain Lean Conversions.
New York, Productivity Press. p. 316.

6According to The Economist (1999b). The key to industrial capitalism: limited liability. The
Economist. 353: pp. 97-98.



1 Frame of Reference 3

The first law of limited liability was passed in the State of New York in 1811, and
in 1854, Great Britain followed suit. This meant that shareholders were no longer
personally liable for what the corporation did; they only risked losing their capital.
Prior to limited liability investors “...would be potentially liable to the full extent
of his personal wealth for the debts of the corporation,”” which meant that he
could lose everything he owned and possibly being imprisoned. This new system
unlocked vast sums of money that spurred innovation, and it ultimately financed
the Industrial Revolution and made it truly revolutionary and gave basis for indus-
trial capitalism for which America is so famous for. In other words, the laws of
limited liability shifted the risk calculation for investors over from “too risky” to
“acceptably risky.” The interesting thing is that the conditions affecting innovation
during the Industrial Revolution are still important for success today.

A second important change in legislation was the rule of law and a strategic
approach to building industry. The fact that the Industrial Revolution started in
Great Britain is not accidental if we are to believe the excellent account of List,”
which we will discuss in length later. A third important change, interrelated with
the two first, was the systematic application of science—or at least knowledge—to
solving problems. A fourth important change—as important as the technical inno-
vations—was innovations in organization and management.'® Professionalism and
specialization of key management functions and standardization of information,
accounting, and administrative procedures were among these innovations. The
Ford Model T, for example, fell in price from USD 850 in 1908 to USD 350 in
1916, and this is due to the interplay between organizational, technical, and social
innovations. In The Economics of Industrial Innovation,'' Christopher Freeman
(1921-2010) and Luc Soete describe innovation through the Industrial Revolution
to these days and this book is a must-read for anyone interested in understanding
innovation where this and many more examples are provided.

The lesson is clear: The technical marvels and the revolution itself were prod-
ucts of more fundamental processes in society, and if we are to achieve sustainable
development, we must at the very least make sure that (1) the economic system
pulls in the desirable direction by (2) fostering systemic development which will
help us (3) leverage all available knowledge at any time for the best of mankind.

7See Jensen, M. C. and W. H. Meckling (1976). “Theory of the Firm: Managing Behavior,
Agebcy Costs and Ownership Structure.” Journal of Financial Economics 3(4): pp. 305-360.

8According to Freeman, C. and L. Soete (1997). The Economics of Industrial Innovation.
Oxford, Routledge. p. 256.

9See the historical account of List, E. (2005a). The National System of Political Economy—
Volume 1: The History. New York, Cosimo Classics. p. 142.

10This claim is made by Freeman, C. and L. Soete (1997). The Economics of Industrial
Innovation. Oxford, Routledge. p. 256.

HSee Freeman, C. and L. Soete (1997). The Economics of Industrial Innovation. Oxford,
Routledge. p. 256.
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Then, and only then, it will work. If sustainability is to take place despite the eco-
nomic system, without democratic processes and based on ignorance chances are
that there will be no, or very limited, sustainable development.

As of today, compliance is seen as a cost by most and not as an opportunity
because on the one hand, it is not internal to the economic system, and on the
other hand, the societal system is not rigged to embrace sustainability as a genu-
ine new way. Nobody sees international banking agreements as costs, nobody sees
printing money as a cost, nor do we consider accounting a cost... they are seen as
inherent in the system and hence necessary and therefore acceptable. Where is a
similar information and transaction system supporting sustainable development?
What we have thus far is a value-laden system causing more political stir than real
actions.

The fact is that over the years after the Kyoto Protocol, corporations still find it
difficult to implement comprehensive change and even more so to drive strategic
innovation for sustainability.'> This finding is also echoed in the sustainability
management literature, as well.!> What corporations pursue today is just easy,
incremental improvements like energy efficiency initiatives with quick paybacks.'*
This is laudable efforts, but not enough to constitute sustainable policies in them-
selves. In fact, a study shows!> that corporations that adopted sustainability poli-
cies between 1992 and 2010 not only were more profitable than others but also
commanded a higher stock market valuation than corporations that did not (though
it should be mentioned that this may actually be the other way around; well-run
corporations adopt sustainability policies). Such efforts, The Economist, refer'® to
as the first wave of sustainability, and they rightfully claim that this wave is profit-
able in itself because it ultimately concerns using resources more efficient, and the
potential is obviously there. In fact, it is estimated that the economic value of the
entire biosphere is in the range of 16-54 trillion USD with an expected value of
33 trillion USD.!” The global gross national product (GNP) in contrast constitutes
about 18 trillion USD. Clearly, the services provided by the world’s ecosystems
are more valuable than our own economy, and it must be so since the human world
is a subset of the natural world. Later, when we discuss the financial world, these
numbers are interesting to keep in mind when we look at the total notional value

12According to Steger, U., A. Ionescu-Somers, O. Salzman and S. Mansourian (2009).
Sustainability Partnerships. The Manager’s Handbook. New York, Palgrave Macmillan. p. 296.

13According to Szekely, F. and H. Strebel (2013). “Incremental, radical and game-changing: stra-
tegic innovation for sustainability.” Corporate Governance 13(5): pp. 467-481.

14According to Winston, A. (2014). “Resilience in a Hotter World.” Harvard Business Review
92(4): pp. 56-64.

15The study is authored by Robert Eccles and George Serafeim of Harvard Business School, see
The Economist (2014b). A new green wave. The Economist. 412: pp. 53.

16See The Economist (2014b). A new green wave. The Economist. 412: pp. 53.

17See Constanza, R., R. d’Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S.
Naeem, R. V. O’Neill, J. Paruelo, R. G. Raskin, P. Sutton and M. van der Belt (1997). “The value
of the world's ecosystem services and natural capital.” Nature 387(15 May): pp. 253-260.
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for the financial markets. Apparently, the notional value of trading risk is more
valuable than our entire biosphere...

If we then start to realize that what we have treated as economic externalities
for hundreds of years in fact have economic value in the long run, then some inter-
esting discussions can emerge. The problem is that the long run is a hard sell in
many cases and estimating the value is hard to say the least. In fact, Adam Smith
(1723-1790) pointed out this reality many years ago stating that'$:

Nothing is more useful than water: but it will purchase scarce anything; scarce anything

can be had in exchange for it. A diamond, on the contrary, has scarce any value in use; but
a very great quantity of other goods may frequently be had in exchange for it.

Bowing to the primacy of economics, the Millennium Ecosystem Assessment, a
huge global study of the state of the planet published in 2005, pushed the idea that
nature provided “ecosystem services” to people as a way of persuading humanity
that it trashed nature at its peril. That led to the establishment of The Economics of
Ecosystems and Biodiversity, an initiative designed to estimate and publicize the
economic benefits of biodiversity.!” The same ideas are explored in a number of
concrete cases.

The National Research Council in the USA, for example, presents a case
where the city government of New York changed its strategy concerning its water
supply based on sound economic analyses. New York City government realized
that changing agricultural practices would force it to act to preserve the water
quality of the city’s drinking water. The traditional approach would have been to
build a water filtration plant at the cost of staggering 4—6 billion USD in invest-
ments and then annual operational costs of about 250 million USD. However, they
realized that by buying land worth 250 million USD to prevent development and
then pay farmers 100 million USD to minimize pollution, a huge saving was
achieved. Needless to say, in this case, protecting the environment and sound eco-
nomic thinking went hand in hand. Another case is Procter & Gamble whose
cooperation with environmental Nongovernmental Organization (NGO) has help
them save almost $1 billion over the last 10 years.?! Such win-win situations are
probably much more common than we believe,?? but all too often decisions are
based on erroneous analysis, and hence, economic and environmental concerns
seem to be trade-offs when they in reality often are win-win situations.

20

18Quoted by The Economist (2014e). “Valuing the long-beaked echidna.” The Economist.
19Quoted by The Economist (2014e). “Valuing the long-beaked echidna.” The Economist.

20See National Research Council (2000). Watershed Management for Potable Water Supply:
Assessing the New York City Strategy. Washington, National Academy Press. p. 564.

21See The Economist (2013). “The butterfly effect.” The Economist 409(8860): pp. 63.

22For more examples see Pagiola, S., K. von Ritter and J. Bishop (2004). Assessing the Economic
Value of Ecosystem Conservation. Washington DC, World Bank. p. 58.
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From successful stories like these, much of industry sees the economic poten-
tial in leading the way toward sustainability at least in the long run, and some
therefore call the quest toward sustainability “the biggest investment opportunity
in history.”?> Currently, however, environmental management is at best left-hand
work in most corporations. The reasons are many such as:

1. Management is unaware of the great savings environmental management can
yield. The Rocky Mountain Institute estimated in 1997 that in the USA alone,
the annual potential savings from improved energy management are roughly
$300 billion.>* Today, it must be higher or at least in the same ballpark figure.

2. Industry is becoming increasingly focused on short-term financial gains often
with damaging consequences for both the environment and the long-term eco-
nomic performance of businesses. This problem is complex as discussed in
Chap. 4, yet much can be improved by putting risk back where it belongs and
also limit some of the most questionable aspects of the financial markets.

3. Environmental management approaches are still in their infancy, impractical
and largely “indecipherable to the non-expert,’> and they have not improved
much over the years.

4. There is no common baseline for benchmarking due to lacking comparability,
which unfortunately means that we do not know what is better than the other
and how we should prioritize. Ultimately, this will prevent us from making any
real progress toward sustainability, and it can become the demise of environ-
mental management if it continues.

5. There is limited market thrust toward sustainability, i.e., there is no green
Invisible Hand as it were. There are several reasons for this as discussed later,
but some related to the legal side alone are as follows:

(a) The political and legislative processes are subject to vested interests that
can block any meaningful change.?%

(b) The policy and legislative processes prevent the introduction of new
improved technologies. In the USA, for example, it is estimated that?”:

e The legislative structure is at the best unconcerned with, or at the worst
inimical to, technological innovation.

23See Lovins, A. B. and L. H. Lovins (1997). Climate: Making Sense and Making Money. Old
Snowmass, CO, Rocky Mountain Institute. p. 39.

24See Lovins, A. B. and L. H. Lovins (1997). Climate: Making Sense and Making Money. Old
Snowmass, CO, Rocky Mountain Institute. p. 39.

25 According to Vigon, B. (1997). SETAC Foundation Life-Cycle Assessment Newsletter, Society
of Environmental Toxicology and Chemistry (SETAC). 17: pp.

26According to Bradbrook, A. J. (1994). “Environmental Aspects of Energy Law—The Role of
the Law.” Renewable Energy 5, part III(5-8): pp. 1278-1292.

27See Heaton Jr., G. R. and R. D. Banks (1997). “Toward a New Generation of Environmental
Technology; The Need For Legislative Reform.” Journal of Industrial Ecology 1(2): pp. 23-32.
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e Various environmental problems have different legal and administrative
regimes, while companies often perceive environmental problems as
more integrative than the law effectively allows.

e There is an implicit bias against new technology, e.g., in pollution con-
trol, often there are stricter regulations for new facilities than for old.

e The regulatory decision process is slow and discontinuous so that
standards quickly become obsolete in the face of continuing technical
advance.

Of the five aforementioned points, we see that the first is concerning general igno-
rance, which is the easiest to overcome because it is a matter of education. The
second point we will discuss in Chap. 4, which leaves us the three last points.
These points are concerning systems in general which are crucial because systems
determine behavior, and behavior determines what we do which ultimately deter-
mines our future: We must reengineer business so to speak and to do that we must
reengineer some of the rules of capitalism.

Unfortunately, major systemic problems are not solved at all and this is proba-
bly because the system boundary of most corporations starts too late and ends too
early to make any real impact in environmental footprint. In fact, the majority of
corporation’s environmental footprint and social impact are not within their direct
control but lies also upstream with suppliers as well as downstream with custom-
ers using the product.?® Basically, the current approach does not work well and as
it will be shown later—it cannot work well.

Some corporations have anyway embarked on what The Economist refers to as
a second wave of sustainability.?? These corporations pursue policies both
upstream and downstream to do good even though there are no direct economic
gains—in fact, there can be outright costs. This is extremely laudable, but these
corporations have a wider strategic intent than merely cost and resource efficiency;
they prepare for the days when customers, regulators, and others demand better
behavior to such an extent that it can indeed become a license to operate. These
corporations also face similar problems even though they have extended their sys-
tem boundaries—they have no consistent source of information which can help
them make informed and correct choices. Efforts today are laudable, but essen-
tially they are islands of actions in a sea of incoherent policies. Sustainability is “a
buzzless buzzword,” as William Ernest McKibben eloquently dismissed current
efforts. 30

So how do we reengineer the capitalist system to better foster sustainable
development? That is the supreme question in this book, and I hope this book

28According to Winston, A. (2014). “Resilience in a Hotter World.” Harvard Business Review
92(4): pp. 56-64.

29See The Economist (2014b). A new green wave. The Economist. 412: pp. 53.
30Quoted by The Economist (2014b). A new green wave. The Economist. 412: pp. 53.
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will give some ideas. It should be noted that the term “the capitalist system” is
a bit ambiguous because it does not capture everything that belongs there—only
what is pertinent to the discussions in this book. It includes laws, regulations, poli-
cies, markets of various kinds, and other impersonal aspects impacting the global
resource usage. Note that we focus on resource usage and not just the economy.
This is due to the problems of many resources being external to the economic sys-
tem or at least very poorly captured. Trying to reduce the externality problems of
the current economic system is therefore fundamental in improving the capitalist
system out of which the financial and economic systems constitute major parts.

Before continuing, the term ‘“sustainable development” must also be defined.
Until the late 1970s, the word “sustainability” was only occasionally employed
and typically in the context of forest management.3! Over the years, there have
been many definitions3? until 1987 when the World Commission on Environment
and Development (WCED) published its report—also known as the Brundtland
Report.3? This report offered the following definition on sustainable development:
“...development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.” This definition is now the
one that is most commonly used. However, to operationalize it is very difficult—it
seems—because that is what most researchers and policy makers attempt when
they want to legislate ourselves toward a sustainable future. It is almost like a
Marxist approach toward growing an economy—a central body makes some plans
based on some input, roll them out, and handle deviations... Like Karl Marx
(1818-1883), these people have an excellent understanding of the problem, but
they go about solving it without understanding complex social systems, which
results in failure. This will be addressed as well in this book.

Then, we have some practical issues. Current environmental management and
policy efforts such as the ISO standards are not working properly because they do
not provide comparable results and consistent decision support.3* The lack of
comparability is a major problem several industry representatives have pointed
out,® and they have not abated since 1997. This means that standardizing our-
selves toward a sustainable future will also not be sufficient. Just like ISO 9000

31 According to Filho, W. L. (2000). “Dealing with misconceptions on the concept of sustainabil-
ity.” International Journal of Sustainability in Higher Education 1(1): pp. 9—19.

32See Filho, W. L. (2000). “Dealing with misconceptions on the concept of sustainability.”
International Journal of Sustainability in Higher Education 1(1): pp. 9-19.

33See World Commission on Environment and Development (WCED) (1987). Our Common
Future. New York, Oxford University Press. p. 400.

34According to Emblemsvag, J. and B. Bras (1999). “LCA Comparability and the Waste Index.”
International Journal of Life Cycle Assessment 4(No. 5, September): pp. 282-290.

35According to Jensen, A. A., J. Elkington, K. Christiansen, L. Hoffmann, B. T. Mgller, A.
Schmidt and F. van Dijk (1997). Life Cycle Assessment (LCA)—A guide to approaches, experi-
ences and information sources. Sgborg, Denmark, dk-TEKNIK Energy & Environment. p.
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quality management system standard in many ways has not properly delivered36—
although it is perceived as a step in the right direction by most—the ISO 14000
environmental management system standard is likely to work the same way since
they are built around the same concept. The most commonly cited advantage for
ISO 9000 implementations is increased market opportunities and subsequent sales;
however, when it comes to the quest for sustainable development, we must aim for
real, physical effects—not effects due to signaling effects and the like. While sign-
aling effects would be beneficial if we knew that this would promote sustainable
development, the problem is that as long as we cannot be sure about the real, phys-
ical effects, a signaling effect can just as easily pull us away from sustainable
development as toward it.

This does not mean that such standardization is counterproductive—it means
that it is insufficient as the main approach toward sustainability, but it is defini-
tively useful for organizations that want to improve and have a desire to do so. As
former COO of Toyota and key member of the people that invented lean, Taiichi
Ohno (1912-1990) said, “Without standards, there can be no improvement.”
Although he spoke of a different type of standards, the idea is fundamentally right.
A more deep-reaching approach is nonetheless warranted and using the Industrial
Revolution as guide—it has to be achieved by internalizing the environmental
issues into the economic system in one way or the other.

One attempt of internalizing environmental issues—or commonly referred to as
externalities—into the economic system is to estimate their value and then say that
a certain loss of this value translates into a cost for society. Typically, we have val-
ues related to use—for example, water to drink, bees that pollinate, and bacteria
that fertilize soil—and we have values related to nonuse such as a beautiful sunset
and open areas for free usage for everybody but also man-made marvels such as
the Bamiyan Buddhas that Taliban destroyed. However, as The Economist points
out?’, “setting a price on nature is a useful exercise, up to a point.” The problem is

361 the literature, the findings are mixed, for example:

1. Virtually all studies find little or no impact on operational performance and actual quality lev-
els. Many studies are also constrained by the fact that the researchers have vested interests in the
continuation and evolution of the ISO 9000 standard, see Douglas, A., S. Coleman and R. Oddy
(2003). “The case for ISO 9000.” The TOM Magazine 15(5): pp. 316-324.

2. Some studies find increase in sales and improved market opportunities, see, for exam-
ple, Terlaak, A. and A. A. King (2006). “The effect of Certification with the ISO 9000 Quality
Management Standard: A Signaling Approach.” Journal of Economic Behavior & Organization
60(4): pp. 579-602.

3. Some studies find ISO 9000 implementations correspond to higher sales and profitability in
companies; however, what is the cause and what is the effect is unclear—and this is a problem
in most studies, see Heras, I., G. P. M. Dick and M. Casadesus (2002). “ISO 9000 registration’s
impact on sales and profitability: A longitudinal analysis of performance before and after accred-
itation.” International Journal of Quality & Reliability Management 19(6): pp. 774-791.

37See The Economist (2014e). “Valuing the long-beaked echidna.” The Economist.
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that such approaches are relying heavily of value judgments and this invites debate
once we go beyond what some people find reasonable.?® Also, collaboration across
corporations is often hindered due to competitive self-interest, lack of fully shared
purpose, and shortage of trust, and ultimately, “the best way to scale collaboration
is through markets that have the right incentives in place.” 3

Therefore, we need an approach that is consistent and value neutral and covers
entire industries and supply chains so that investors, executives, and policy mak-
ers—people in short—can make proper decisions from *...standardized, compre-
hensive information that is consistent over time. So far they are not getting it,” The
Economist laments*® and points out that there ought to be generally accepted
accounting principles for the environment. The lack of it is indeed one of the
greatest hurdles in environmental management, something I pointed out more than
15 years ago in my PhD research which led me to conclude that current efforts
were largely wasted.*!

Another practical issue is the political problems with some solutions to our
quest for energy. Nuclear power and hydraulic fracturing (fracking) are currently
under strong suspicion from the public and others. This we must solve because
energy consumption is a vital factor in socioeconomic development.*? If we fail
here, there may be no solution. A major issue is therefore how policy makers, sci-
entists, and engineers alike can regain the trust of the public concerning major
facilities such as nuclear power plants. One way of doing that is to change the way
risk management is performed because today, it fails too often eroding the public
trust for every instance. We cannot afford this. Trust can be quickly ruined, but it
can take decades to rebuild.

We also have a number of behavioral issues in today’s financial markets and
the corporate world that must be handled. With short-termism and herding on epic
scale, it is hard, if not impossible, to implement anything that cannot have quick
payback. Issues concerning sustainability do not spring to mind as quick wins for
boosting corporate profits. In fact, the opposite is often the case; we squander the
natural as well as the human resources with little respect for what happens down
the road. This cannot continue but as outlined in this book; there are remedies.

Before continuing, I cannot emphasize enough the importance of also working
toward sustainability on local and regional level. The approach advocated here is
aimed for global level only, because then we are concerning with the economic

BSee Emblemsvig, J. (2003). Life-Cycle Costing: Using Activity-Based Costing and Monte
Carlo Methods to Manage Future Costs and Risks. Hoboken, NJ, John Wiley & Sons. p. 320.
3See Nidumolu, R., J. Ellison, J. Whalen and E. Billman (2014). “The Collaborative
Imperative.” Harvard Business Review 92(4): pp. 76-84.

40See The Economist (2014a). A green light. The Economist. 410: pp. 62.

41See the book version of my dissertation, Emblemsvag, J. and B. Bras (2000). Activity-Based
Cost and Environmental Management: A Different Approach to the 1SO 14000 Compliance.
Boston, Kluwer Academic Publishers. p. 317.

42See Olsson, L. E. (1994). “Energy-Meteorology: A new Discipline.” Renewable Energy 5 Part
IL: pp. 1243-1246.
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system, financial systems, political systems, and so on. On local and regional
level, we have issues such as biodiversity, management of heavy metals, pollu-
tion of the sea and waterways in general, natural capital, and ecosystem services
in general. These are incredibly important issues to address, but this beyond the
scope of this book.

I would also like to emphasize another issue that often comes into play when
we discuss sustainability and that is equitable distribution among countries, gener-
ations, social layers, and in general between the rich and the poor. I believe that
we greatly hinder a productive debate as to some of the systemic aspects of sus-
tainability by mixing these issues into the debate. Not because they are unimpor-
tant, because they are not—the poor has rarely the luxury of thinking 10 years
ahead and is often forced to making unsound, short-term decisions in order to
merely survive. In fact, poverty is a problem in itself concerning the quest toward
sustainability.*> The problem is that we too often end up in a political and ideolog-
ical debate where the rich world becomes defensive, which in turn prevents sensi-
ble solutions that we all could benefit from because the solutions become tied up
in a political tug-of-war and not in a quest to find a better solution for at least
some aspects of the big issue of sustainability.

In other words, the challenges of finding equitable solutions for the rich and
poor and the challenges of finding local and regional solutions must not prevent us
from making progress as to the overall global, economic system which are good
for all no matter how we see it. Since I have claimed that we can learn from the
Industrial Revolution, it is useful to review what happened back then in greater
detail which is briefly done next and in greater detail later. Then, we look at how
complex systems work and why a systemic, deep-reaching approach is so crucial.

1.1 The Industrial Revolution in Brief

Lost wealth may be replaced by industry, lost knowledge by study, lost health by temper-
ance or medicine, but lost time is gone forever.

Samuel Smiles, author (1812-1904)
Self Help (1859)

The role of innovations in driving economic growth is indisputable, but it took
some time before it became an area of study. One of the earliest acknowledge-
ments is provided by Marx who wrote that “the bourgeoisie cannot exist without

BThis view is also supported by other such as Patrick Moore, one of the five cofounders
of Greenpeace, see Murphy, G. (2008). “A Conversation with Patrick Moore: Why Former
Greenpeace Leader Supports Nuclear Energy.” EIR Science & Technology (16 May): pp. 58-63.
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constantly revolutionizing the means of production.”** Yet, it was Joseph Alois
Schumpeter (1883-1950) that first gave innovation a centerpiece in his theory of
economic development.*> In his book*® first published in 1911, he introduced the
very important distinction between invention and innovation where the former is
viewed as an idea, a sketch, or model for a new or improved device, product, pro-
cess, or system, whereas the latter is only accomplished once the first economic
transaction involving the invention is carried through. His theory focused on a sort
of people he called “entrepreneurs” who were the innovators of change usually in
a disruptive sense thereby altering the status quo.
Often, it is useful to step back and investigate the historical understanding of a
word. Russel S. Sobel delineates the term “entrepreneur” like this*’:
The word “entrepreneur” originates from a thirteenth-century French verb, entreprendre,
meaning “to do something” or “to undertake.” By the sixteenth century, the noun form,
entrepreneur, was being used to refer to someone who undertakes a business venture. The
first academic use of the word by an economist was likely in 1730 by Richard Cantillon,
who identified the willingness to bear the personal financial risk of a business venture as
the defining characteristic of an entrepreneur. In the early 1800s, economists Jean-Baptiste
Say and John Stuart Mill further popularized the academic usage of the word “entrepre-
neur.” Say stressed the role of the entrepreneur in creating value by moving resources
out of less productive areas and into more productive ones. Mill used the term “entrepre-
neur” in his popular 1848 book, Principles of Political Economy, to refer to a person who
assumes both the risk and the management of a business. In this manner, Mill provided
a clearer distinction than Cantillon between an entrepreneur and other business owners
(such as shareholders of a corporation) who assume financial risk but do not actively par-
ticipate in the day-to-day operations or management of the firm.

Herein lies a central point—inventions are relatively risk-free, whereas inno-
vations are not. You can be an inventor, go into your garage, and put something
together to check out that your idea works. You can make a model or merely a
sketch to start with. It is when economic transactions are committed that finan-
cial risks escalate and we enter the process of innovation, which hopefully ends
up with an innovation that the entrepreneur comes onto the stage. The manage-
ment of risk is therefore central to innovation and the reason why the laws of
limited liability were so important. Society limited significantly the risk of pov-
erty and removed the risk of imprisonment from the entrepreneur who thereafter
only risked the equity of his enterprise. This unleashed huge amount of financial
resources which fueled the revolution. However, there is more to the story that is
of great importance to this book.

4See Marx, K. (2004). Capital: Critique of Political Economy, vol. 1. London, Penguin Classics.
p. 1152.

45According to Freeman, C. and L. Soete (1997). The Economics of Industrial Innovation.
Oxford, Routledge. p. 256.

46See Schumpeter, J. (1911). Theorie der wirtschaftlichen Entwicklung (English translation:
“The Theory of Economic Development”, Harvard, 1934). Leipzig, Verlag von Duncker &
Humboldt. p.

47See Sobel, R., S. (2008). Entrepreneurship. The Concise Encyclopedia of Economics, 2nd edi-
tion. D. R. Henderson. Indianapolis, IN, Liberty Fund, Inc.
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Fig. 1.1 The last six kondratiev cycles. Used with kind permissions from Global Capital Mar-
kets and Thematic Research Allianz Global Investors

First of all, I use the term “Industrial Revolution” in singular. However, it is
important to be aware of the fact that there were quite clear successive waves of
technical changes all revolutionary in their own way. Although there is no univer-
sally accepted precise description of these waves, they are typically referred to as
Kondratiev (often also written Kondratieff) waves, or cycles, after the Russian
economist Nikolai Dmitriyevich Kondratiev (1892-1938), and it is generally
acknowledged that they typically last about 50 years. Their causes are, however,
subject to discussion. Nonetheless, it was Jacob van Gelderen?*? (1891-1940 ) and
Schumpeter*” that first’® saw technological change in a wide sense as a driver of
these waves.

Allianz has presented the cycles as shown in Fig. 1.1. They have also high-
lighted the most important technical innovations. The explanations in Fig. 1.1 are
commonly accepted across the literature. I am not going to speculate here about
what will drive the next wave, but I do hope that environmental technology or

48See van Gelderen, J. (1913). “Springvloed Beschouwingen over industrielle Ontwickkeling
en prijsbeweging (Spring tide, Reflection on industrial development and price fluctuation).” De
Nieuwe Tijd 184(5 & 6).

“See Schumpeter, J. (1939). Business Cycles: A Theoretical, Historical and Statistical Analysis
of the Capitalist Process. New York, McGraw-Hill Book Company. p. 461.

5OAccording to Freeman, C. and L. Soete (1997). The Economics of Industrial Innovation.
Oxford, Routledge. p. 256.
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society realigning toward a sustainable future will be the driver of one wave in
the future and that must certainly be the case if we are to develop our societies
in a sustainable direction. Figure 1.1 also shows something other important—new
megatrends, as some call them, or cycles are born out of crises. It is not that the
old technologies become obsolete per se; they have just lost their capabilities to
drive significant growth and some even wither away almost completely depending
on the new technologies such as the steam engine using in transportation.

If we look a little bit more on the first wave, it is easy—and common—to
think that they just invented a steam engine and used it unchanged for decades.
However, just like today, there were successive versions and significant improve-
ments as shown in Table 1.1.

If we look at the coal consumption of steam engines, we see even bigger
improvements, see Table 1.2. Clearly, innovation is nothing new.

Similar developments were also seen in the cotton industry, see Table 1.3. Here,
we see the remarkable rise in productivity as measured by the number of operat-
ing hours required to process (OHP) 100 lbs of cotton due to process innovations.
From handcraft in the eighteenth century until today, we see a 125,000 percent
productivity increase or 1250 times improvement.

The question is how could such improvements take place and what were their
implications?

If we consider typical industry life cycles and their characteristics today as
shown in Table 1.4, it is clear that technological change certainly is very crucial.
However, it is also evident that other forces are at play and that was also the case
more than 100 years ago.

Table 1.1 Development of steam engine performance around 1800

Horsepower Cost per horsepower (£)
2 89
10 40
20 30

Source von Tunzelmann (See von Tunzelmann, G. N. (1978). Steam Power and British
Industrialization to 1860. Oxford, Oxford University Press. p. 356.) and used with kind permis-
sion of Oxford University Press

Table 1.2 Coal consumption in various types of steam engine in manufacturing applications

Engine Approximately when | Coal per horsepower (Ibs/horsepower)
Savery engine Eighteenth century 30

Newcomen engine (mines) 1700-1750 20-30

Newcomen engine 1790 17

Watt low-pressure engines 1800-1840 10-15

High-pressure engines 1850 5

Source von Tunzelmann (See von Tunzelmann, G. N. (1978). Steam Power and British
Industrialization to 1860. Oxford, Oxford University Press. p. 356.) and used with kind permis-
sion of Oxford University Press
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Table 1.3 Labor productivity increases in cotton industry

Technology OHP 100 Ibs cotton
Manual spinning by Indians (Eighteenth century) 50,000
Crompton’s mule (1780) 2000
100-spindle mule (c.1790) 1000
Power-assisted mules (c.1795) 300
Robert’s automatic mule (c.1825) 135
Most efficient machines today (1990) 40

Source Jenkins (See Jenkins, D. T. e. (1994). The Textile Industries, Vol. 8. The Industrial
Revolution in Britain. E. A. Wrigley and R. A. Church. Oxford, Wiley-Blackwell.) and used with
kind permission from Wiley-Blackwell

Analysis of historical records from the Industrial Revolution reveals that there
were other significant causes and effects in a self-reinforcing and mutually adjust-
ing development cycle that were present in addition to the technical changes and
laws of limited liability, which is already mentioned. Different people have differ-
ent explanations, or at least different emphasis of factors in their explanations, of
what took place when we discuss matters in greater details. Adam Smith witnessed
the early stages of the Industrial Revolution as it unfolded in the 1760s and 1770s.
Although the agrarian economy was huge in comparison with manufacturing in
those days—in fact, as late as in 1900, 40 percent of Americans were employed in
agriculture; today, it is less than 5 percent in most rich countries’'—he focused in
his The Wealth of Nations on technical change, capital accumulation, and division
of labor leading to specialized skills as factors leading to industrialization and
growth.”> Almost all historians agree on the importance of these factors,>> yet per-
haps one of the most interesting discussions is provided by List, see Chap. 5.

Without going into each Kondratiev wave in detail, we find a number of inter-
esting causes/effects that should certainly remind ourselves about what takes place
today. First, the vast majority, then and now, of improvements are incremental
improvement to existing products and processes and, as Smith also observed, are
often made by workers who use machines in different types of workplaces.>*

Second, the role of education was probably significant then as now. This is evi-
dent from the fact that Scotland provided an unusual high number of inventors
(Watt and most of his assistants, Sinclair, Telford, MacAdam, Neilson, and many

31 According to The Economist (2014d). Special report on World Economy: The third great wave.
London, The Economist. p. 18.

52See Smith, A. (1981). An Inquiry into the Nature and Causes of the Wealth of Nations, Volume
I. Indianapolis, IL, Liberty Fund. p. 543.

53According to Freeman, C. and L. Soete (1997). The Economics of Industrial Innovation.
Oxford, Routledge. p. 256.

54According to Freeman, C. and L. Soete (1997). The Economics of Industrial Innovation.
Oxford, Routledge. p. 256.
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others) at a time when Scotland had by far the best primary education system in
Europe and some of the best universities. “It was not from Oxford or Cambridge,
where the torch burnt dim, but from Glasgow and Edinburgh, that the impulse to
scientific enquiry and its practical application came.”>> Today, having a good edu-
cational system is taken for granted to secure economic growth in the long run.
Yet, many countries suffer from poor educational systems.

Last but not least, the emergence of railroads not only transformed transporta-
tion but also governance. In earlier eras, it had made sense for royal authorities to
delegate power over the countryside to the nobility and the gentry. But now that
any place was just a short ride away, it made more sense to concentrate power in
the hands of an efficient central bureaucracy.’® Today, Internet will have profound
impact on government—although due to slow diffusion, the effects remain partly
to be seen. Private industry, however, has adopted Internet technologies with
greater speed and opened up for entirely new business opportunities such as those
related to “big data” and “the cloud.”

The sum of all these causes and effects, and more to be discussed later, is
nothing short of a revolution. This goes to show that if we want the quest toward
sustainability to be revolutionary, or relatively quick, we must approach it from
multiple angles leaving no corners untouched or any sensible policies untried. We
need a comprehensive approach. From the next section, this will become obvious.

1.2 Why Systemic Change Is Necessary

As we shall see, apparent differences between people arise almost entirely from the action
of the system they work in, not from people themselves.

W. Edwards Deming

One of the easiest and most visual ways of illustrating complex, systemic effects is
using a mathematical concept called fractals. Fractals can illustrate how simple
principles—described mathematically—produce wildly different geometries
depending on their context at hand. For example, in Fig. 1.2, we see three
instances of the famous Mandelbrot’’ set—a fractal that is so complex that

55According to Ashton, T. S. (1963). The Industrial Revolution in Great Britain. The Experience
of Economic Growth. B. E. Supple. New York, Random House.

56According to Micklethwait, J. and A. Woolridge (2014). “The State of the State: The Global
Contest for the Future of Government.” Foreign Affairs 93(4): pp. 118—132.

57Benoit Mandelbrot was born in Warsaw in 1924 to a relatively wealthy Lithuanian Jewish fam-
ily. When he was 12 years old, his family had the foresight to leave Poland and went to Paris.
After World War II, he left France for the USA to escape the formalism of the French math-
ematical establishment. The stifling hold on mathematical imagination pushed Mandelbrot away
from academia to work for IBM in New York. For more information, see Lesmoir-Gordon, N., W.
Rood and R. Edney (2001). Introducing Fractal Geometry. Cambridge, Icon Books. p. 176.
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Fig. 1.2 Three instances of the Mandelbrot set. Source Wikipedia, the free encyclopedia

nobody has to date managed to calculate its exact area.”® The one to the left is the
classic one that the mathematician Benoit Mandelbrot (1924-2010) first published
in 1980 together with many other fractals.”® We may think that these three fractals
are widely different, but in reality, they are three embodiments of the same princi-
ple found on different levels of scaling and artistic coloring.

What is startling is that these beautiful figures are generated by repeating the
simple transformation

) (1.1

numerous times and only varying the constant x4 and the step size of the variable z
where z = x + iy and u are complex numbers.°® The coloring is an artistic expression
of the various numerical values that are created, and it is different from the three pic-
tures. Regardless of coloring, the point I am trying to make is this; unless we under-
stand (a) the principles of society and (b) their potential impact in turning society
toward a sustainable future, we can never expect to achieve a sustainable future.
Fractal geometry, however, can also provide much more insight that is useful for
our further inquiries. First, by examining Eq. (1.1), we notice something obvious;
z is a function of itself. In other words, fractal geometry is based on the notion of
feedback, which is paramount in processes and systems. Second, fractals are self-
similar, which is easiest to see from the figure and that must also any successful
system in society be in order to induce large changes—we cannot have an elitist

38The closest approximation is 1.50659177, which is sufficient for most practical purposes.
You might think this is only of academic interest, but it has also very real and tangible results.
For example, the lengths of the common borders between Spain and Portugal, or Belgium and
the Netherlands, as reported in these neighbors’ encyclopedias, differ by 20 percent, or 987 km
versus 1214 km for the Spain/Portugal border and 380 km versus 449 km for the Belgium/the
Netherlands border. For more details, see Richardson, L. F. (1961). “The problem of contiguity:
an appendix of statistics of deadly quarrels.” General Systems Yearbook 6: pp. 139—187.

39See Mandelbrot, B. B. (1980). “Fractal aspects of the iteration of z->lamda z(1—z) for complex
lambda and z.” Non Linear Dynamics; Annals of the New York Academy of Sciences 357: pp.
249-259.

%0A complex number z consists of a real number x and an imaginary number iy. It can be graphi-
cally plotted in a complex plane where, for example, the real number x is on the abscissa axis
and the imaginary number iy is found on the other axis. Imaginary numbers occurs if we take the
square root of a negative number. For example, +1i = /—1.
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system where some describe what is sustainably correct and what is not. Whether
it is the baker, the welder, the clerk, the director, or the president, they must all
through their behavior every day contribute in the correct direction. Third, z is what
mathematicians would refer to as a complex number. Complex numbers exist on a
wider dimension than the real numbers we use in ordinary life, but they are in fact
more real than the real numbers because they can actually describe many real and
natural phenomena, whereas real numbers are of limited usefulness. This is impor-
tant because it implies the same story that Plato told about those people who sit
watching the shadows of objects on the cave wall—it is the concepts that are real,
and the real world is only a temporary embodiment. In other words, we must work
on the deeply rooted concept to produce big effects. Fourth, from the third point,
we understand that change is much more fundamental than we think—the change
we seek cannot become a mechanistic administration of routines, practices, and
environmental myths. To cause change we must be willing to change. Fifth, despite
the huge variety of geometrical “elements” found in Fig. 1.2, they are in fact lim-
ited by themselves in the sense that there is a solution boundary for Eq. 1.1, and it
is inherent in the system—it is not human made (as the Kyoto Protocol). In other
words, we must change the system—which is the topic of this book in a wide sense.

A closely related topic called “the theory of strange attractors and of chaotic (or
stochastic) evolution” serves as a mental map for understanding how the system
changes over time. The theory of strange attractors and of chaotic (or stochastic)
evolution evolved independently of fractals, but is being penetrated by them.
According to Mandelbrot®!, while ... fractal geometry is concerned primarily with
shapes in the real space one can see, at least through the microscope, ... the theory
of attractors is ultimately concerned with the temporal evolution is time of points
situated in an invisible, abstract, representative space.” It is in this invisible, abstract,
and representative space the key aspects of social systems partly operate, but this
space is fractal in nature, which is why I use fractal geometry as a metaphor here.

To understand the fractal attractor of our capitalist society, as it were, is beyond
the scope of this book—however, we can understand it conceptually and that is
important to truly understand the depth of change that is required for our society to
become sustainable. To explain this better, consider the Lorenz attractor in Fig. 1.3,
which was one of the first identified strange attractors. It was identified by Edward
N. Lorenz (1917-2008) who set up and solved this set of differential equations:

dx

T =p(y —x)
dy + 1.2
— =—xz+r— .
m 2 y (1.2)

dz

Z—xv—b

5 xy — bz

61See Mandelbrot, B. B. (1980). “Fractal aspects of the iteration of z->lamda z(1-z) for com-
plex lambda and z.” Non Linear Dynamics; Annals of the New York Academy of Sciences 357:
pp. 249-259.
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Xmin = 12.2 Xmax = 14.9 VYain = 8.0 Ymax = 50.0
Fig. 1.3 The Lorenz attractor. Source Wikipedia, the free encyclopedia

In his original paper,62 Lorenz used p = 10, r = 28, and b = 8/3. Later, many have
explored other values, but the overall shape persists.

From Eq. 1.2, we notice that the time derivatives (for example, dx / dt, which
is the time derivative of the variable x) are functions of the respective variable.
This creates a feedback situation which creates the intriguing graph in Fig. 1.3.
Figure 1.3 also highlights an important feature about strange attractors—one line
never occurs twice, which has vast implications for this book. It implies some-
thing obvious, which is often acknowledged but in reality ignored—the future is
never exactly like the past. It also implies that the performance of various policies
and systems and so on within our global village can be similar—but only more or
less similar. Conversely, many things may seem to be different, but they remain
the same because they arise from the same underlying mechanism, the attractor.
If we are to alter the path of our society, we must alter our attractor. What alters
the attractor can be something apparently small, like the laws of limited liability,
but the point is that this change will have a compounding effect that creates a flow
of secondary changes which induces tertiary changes and so on. Then, we have a
revolution. Otherwise, we have a lot of policy-making and no real changes—Ilike

62See Lorenz, E. N. (1963). “Deterministic Nonperiodic Flow.” Journal of the Ammospheric
Sciences 20(2): pp. 130-148.
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today. Any policy enacted in contrast to the attractor will ultimately fail unless it
changes the attractor. This is about understanding the attractor.

The question now becomes no longer how to internalize externalities, but more
“how do we change the attractor of our global community toward a sustainable
future?” To shed light upon this, we must discuss changes in complex systems
which are done in Sect. 1.3. Finally, in Sect. 1.4, some of the main changes neces-
sary to make are briefly discussed.

1.3 Change of Complex Systems

It is not the strongest that survive, nor the most intelligent, but the ones most responsive to
change.

Charles Darwin

Change in social systems—or complex systems in general—are governed by the
attractor of the system because the behavior of the system is predicated by the attrac-
tor of the system. The source of the change, however, is the complexity of the sys-
tem because complex systems never rest completely. They cannot rest completely
because when one variable does not fully control another, like in mechanical clock-
works, all variables are free to change a little bit and this will inevitable cause change
in the system even though we try to control all variables. In other words, complexity
produces variation which in turn produces change. Change is therefore not the cause
of anything but actually the result of something, a highly common misperception.

In a scientific sense, change is typically ignored in favor of the more easily
measurable rate of change which is often understood as change per time unit
where the change is measured as the difference between the start state and the end
state using a particular variable or a set of variables. For example, acceleration is
the change of speed per time unit, while speed is the change of distance per time
unit. Unfortunately, the scientific interpretation is too narrow because it is “con-
fined within a rule” and a “fixed law”—namely, that functions® are continuous
and differentiable (so that the derivative, rate of change, can be estimated) and that
time is a relevant reference.

To illustrate the mathematical aspect, in 1861, the mathematician Karl Theodor
Wilhelm Weierstrass (1815-1897)—a person who delighted in finding the flaws in
the arguments of others—identified a curve/function that was continuous but
impossible to differentiate.®* The curve consisted only of corners and the scientific
community was shocked! Interestingly, in the process of refuting the ideas of the

63A function in mathematics is essentially an equation or a set of equations that describes the
mathematical relationship between various variables. For example, a function f of x and y can be
described as f(x, y) = x + 2y + 3.

%For more details, see Lesmoir-Gordon, N., W. Rood and R. Edney (2001). Introducing Fractal
Geometry. Cambridge, Icon Books. p. 176.
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Nature of Changes

I l

Continuous Discontinuous

l l

Planned Emergent Radical Disruptive

Fig. 1.4 Nature of changes

scientific community of the day, Weierstrass discovered the first mathematical
fractal. Hence, fractals appear when we talk about change as mentioned earlier.
The point is to recognize that change is a profound phenomenon that the vast body
(except fractal geometry and attractors) of scientific knowledge treats too superfi-
cially. In a sense, we can say that science is more interested in measuring change
than to understand it, and for science, this may be sufficient but not if we are to
understand how we can change the attractor of a large, social systems like
capitalism.

Nonetheless, mathematics has its right in the sense that there are two major
types of changes in the world—continuous and discontinuous. Continuous
changes represent various configurations of the same attractor, while the discon-
tinuous changes represent bifurcation points from which new attractors start. The
continuous can be divided further into planned and emergent. The planned is what
we try for while the emergent arises slowly in ways that are unplanned. Planned
can be divided into three subcategories: (1) continuous improvement, (2) technol-
ogy-based innovation, and (3) market-based innovation. All three can arrive from
or be the source of process innovations or product innovations, but this is another
dimension discussed later because it only complicates the point I am trying to
make here.

The planned can be managed, the discontinuous can be prepared for while the
emergent can be nurtured, but they all result in various innovations. While innova-
tions are sought, they have a tendency to either emerge or arise from discontinui-
ties (the dotted lines in Fig. 1.4). In fact, most major innovations have been quite
accidental (discontinuous). In fact, Royston M. Roberts (1918-1996) wrote a
book® about accidental discoveries in science—and they are numerous and many
are important. Likewise, in the business literature, we read about major innova-
tions that were accidental and sometimes even unwanted by the corporations... in
the beginning. For example, 3 M may be one of the corporations that have

65See Roberts, R. M. (1989). Serendipity: Accidental Discoveries in Science. New York, John
Wiley & Sons. p. 288.



1.3 Change of Complex Systems 23

benefited the most from its “mistakes” as they have been skillful in learning from
their mistakes and taking the opportunities. Examples include the Scotch™ mask-
ing tape (developed by Dick Drew in the 1920s despite being told to stop), the
Post-it® Notes adhesive (developed by Spence Silver from a mistake), and 3 M’s
entire ceramic business that owes its existence to mistakes in developing a new
abrasive grit.®0

Later in this book, we will investigate more the nature of technological innova-
tion and improvements, but the point here is to simply highlight the simple fact
that we have to create a system in which we have all types of innovations working.
An approach to legislate ourselves toward sustainability, in the sense that we have
direct involvement of legislation in the innovation process, means that innovations
must be planned to some extent and then, we miss the entire specter of emergent
innovations and potentially also discontinuous innovations as well. To illustrate
the importance of emergent innovations, it should be sufficient to highlight two
stories from the real life.

The first is the importance of the container in marine transportation.
Containerization reduced the port downtime from 12 days to 12 h,%7 cut the cost of
loading cargo onto a ship from $5.83 per ton in 1956 to merely $0.16 per ton in
2005,% and hence revolutionized the marine transport industry. This was a discon-
tinuous market innovation—something that legislation would never have the
chance to capture.

The second is the story behind the personal computer (PC). The PC required no
fewer than six separate strands of knowledge®’:

1. Binary arithmetic;

2. The concept of Charles Babbage (1791-1871) of a calculating machine, in the
first half of the nineteenth century;

3. The punch card, invented by Herman Hollerith (1860-1929) for the US census
of 1890;

4. The audion tube, an electronic switch invented in 19006;

5. Symbolic logic, which was developed between 1910 and 1913 by Bertrand
Arthur William Russell (1872—-1970) and Alfred North Whitehead (1861—
1947); and

6. And concept of programming and feedback that came out of abortive attempts
during World War I to develop effective antiaircraft guns.

66According to Brand, A. (1998). “Knowledge Management and Innovation at 3 M.” Journal of
Knowledge Management 2(1): pp. 17-22.

67See Drucker, P. F. (1992). Managing for the Future: The 1990s and Beyond. New York, Truman
Talley Books. p.

68See The Economist (2006b). The physical internet: A survey of logistics. London, The
Economist. p. 18.

%See Drucker, P. F. (2002). “The Discipline of Innovation”” Harvard Business Review
80(August): pp. 95-102.
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Although all the necessary knowledge was available by 1918, the first operational
digital computer did not appear until 1946. The point is that much knowledge
existed in small pockets that were not interconnected. In an emergent approach,
this is much more likely to succeed than in a centrally driven, legislative approach.
The former Soviet Union should be an instructive warning here.

Most successful, major innovations are market-oriented and hence continuous
in nature. This view is supported by a study’® by Donald Lehmann and Jacob
Goldenberg and David Mazursky concerning success and failures. They studied
197 product innovations, of which 111 were successes and 86 were failures, and
found that the successes had some, or all, of the following characteristics: (1) they
were moderately new to the market, (2) based on tried and tested technology, (3)
saved money, (4) met customers’ needs, and (5) supported existing practices. The
failures, in contrast, were based on (1) cutting-edge (untested) technology, (2) fol-
lowed a “me-too” approach, and/or (3) were created with no clearly defined solu-
tion in mind. The typology of the failures rings symptoms from many
environmental efforts. Without any empirical evidence, I will still claim that we
probably already have enough knowledge and technology to solve our sustainabil-
ity quest—what we lack is a systemic effort that puts it into the right context to
make it a market-driven approach and produce a significant change.

However, a market-driven approach is not enough by itself. Here, the research
of Everett M. Rogers (1931-2004) is of great importance to guide us in under-
standing what kind of innovations that have a fair chance of succeeding. He did
not pioneer the field of diffusion of innovations, but he is certainly one of the
major contributors over several decades of research spanning diverse areas such
as from communication and technology adoption in general and to practical health
problems including hygiene, family planning, cancer prevention, and drunk driv-
ing in particular. In Fig. 1.5, we see a fishbone diagram presenting the variables
that determine the adoption rate of an innovation—with innovation it is important
to realize that this model applies to products (material technology) and to methods
(immaterial technology or knowhow). For this book, it can indeed serve as guid-
ance toward what kind of changes and their characteristics can successfully bring
humanity on the path toward sustainability.

As we see, there are five main types of variables. The first is “perceived attrib-
utes of innovations” which describes the actual innovation itself. The research’! is
conclusive on this; innovations that (a) provide significant relative advantages
compared to ideas it supersedes (b) are compatible with peoples existing values,

"OThe study is quoted in Franklin, C. (2003). Why Innovations Fail: Hard-won Lessons for
Business. London, Spiro Press. p. 232 and subsequently quoted by The Economist (2003).
Expect the unexpected. The Economist Technology Quarterly: pp. 3.

71See for example;

e Rogers, E. M. (2003). Diffusion of Innovations. London, The Free Press. p. 551.

e Moore, G. C. and I. Benbasat (1991). “Development of an Instrument to Measure the
Perceptions of Adopting an Information Technology Innovation.” Information Systems Research
2(3): pp. 192-220.
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I. Perceived Attributes of Innovations: ~ III. Communication channels V. Extent of Change Agents’
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e) Observability
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c) Authority

Fig. 1.5 Variables determining the rate of adoption of innovations

past experiences, and needs, (c) are trialable so they can be tested on limited basis
and (d) are observable so that the results are visible to others will have higher
adoption rate than others do. Innovations that are (e) complex in that they are rela-
tively difficult to understand and use, however, face an uphill and slow adoption or
even rejection. These results are intuitive, but nonetheless important; this type of
variables account for as much as 49-87 percent of the rate of adoption.”> Herein
also lies one of the major challenges of working toward a sustainable future, the
relative advantage of so-called preventive innovations is hard to argue because pre-
ventive innovations are to prevent a future problem, and hence, the effect of them
is hard to demonstrate since it concerns the future and is consequently uncertain
both in terms of timing and magnitude. A good example of this is health problems
arising from lifestyle and how difficult it is to help people change their lifestyle
and all the health campaigns necessary to impact just a few people. In our case, we
have effects of highly uncertain consequences and in some perhaps distant
future—clearly, a challenging case from an innovation point of view.

The second type of variable is what kind of innovation decision the innovation
leads to. “Optional” refers to choices and decisions being made by the individuals
independently of others in the system. “Collective” implies that the decision is
made by consensus among the members in the system, whereas “authority” is the
classic top-down decision. Experience shows’? that the fastest adoption of innova-
tion stems from authoritative process (depending on how innovative the authorities
are), whereas “optional” is quicker than “collective” decisions.

When it comes to the third type of variable—the choice of communication
channel—his research’* shows that various channels have various effects in vari-
ous stages of the innovation-decision process. In the current state of affairs, we
have not even entered the process properly because we are still debating the need
for change among others. At the same time, we have the Kyoto process going on

72See Rogers, E. M. (2003). Diffusion of Innovations. London, The Free Press. p. 551.
73 According to Rogers, E. M. (2003). Diffusion of Innovations. London, The Free Press. p. 551.
74According to Rogers, E. M. (2003). Diffusion of Innovations. London, The Free Press. p. 551.
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as if we were in the persuasion stage. Thus, when it comes to communication to
rally the people for change toward sustainable development, we are in shambles.
Because of this, we may in fact face rejection because progress in the process
internationally has been faster than the innovation-decision process in many coun-
tries. This is one major reason in this book for trying to depoliticize the process by
keeping issues such as social equity and local/regional issues out of the discussion.
Also, for the same reason, we must avoid at all costs value-laden approaches, as
discussed in Chap. 2.

The fourth type of variable—nature of the social system—can impede or facili-
tate the rate of adoption of innovation depending on the structure of the social sys-
tem. Since the topic of this book is the global system, the structure of the social
system is as complex as it gets. However, by finding a way through the economic
system, the social system that must be managed is much less complex than more
broad-based approaches with community involvement and so on.

The extent of change agent’s promotional efforts is the fifth and final type of
variable. The change agent typically plays up to seven roles in the process of intro-
ducing an innovation in a system’>:

To develop the need for change.

To establish information exchange relationship.
To diagnose problems.

To create an intent to change in the client system.
To translate an intent into action.

To stabilize adoption and prevent discontinuance.
To achieve an internal relationship.

Nk v =

Yet, what separates good change agents from not so good change agents are some
other factors:

(a) The more change agents contact the clients the better.

(b) The more change agents adopt a client orientation the better.

(c) The more change agents are able to cater the diffusion program toward the
needs of the client the better.

(d) The more emphatic the change agent is toward the client the better.

This will be discussed more later, but what is sure is that with the insights from
innovation diffusion researchers in mind, we can learn a number of things. For
example, because there is no effective supranational organ in the world as long
as the members of the Security Council in the United Nations have veto right and
there are nobody to enforce solutions upon countries, the authoritatively approach
will not work hence leaving the whole Kyoto approach and processes based on
international treaties and legislation risky. Likewise, a “collective” approach
will also not work because we will never reach consensus internationally. This
leaves us with one approach—the “optional” which is essentially a market-based

75 According to Rogers, E. M. (2003). Diffusion of Innovations. London, The Free Press. p. 551.
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approach. We therefore need some other types of changes than what have been
proposed thus far by governments and NGOs. Before we can outline them, we
must discuss the party that both NGOs and governments alike interact with—the
corporation.”

The word “corporation” has many possible interpretations—despite we often
use it without clarifying what we mean. The one I find most useful for this book is
the one found in Webster’s Encyclopedic Unabridged Dictionary of the English
Language’® where corporation is defined as “an association of individuals, created
by law or under authority of law, having a continuous existence independent of the
existence of its members and powers and liabilities distinct from those of its mem-
bers.” Thus, a church is a corporation and so is a university as well as what we
typically think of when we talk about corporation, namely limited liability enter-
prises. However, most of the issues discussed in this book are discussed in the
context of the business world and less to a nonprofit context. This said, I believe
that sustainable development must become an issue for all irrespective of whether
they aim for profits, souls, or something else. Some,”” however, argues that if a
typical capitalistic corporation was a person, it would have been diagnosed as clin-
ically insane. While this is to some extent true, we should remember what Max
Weber (1864-1920) pointed out that the greater potential tyranny lay not with the
economic bureaucracies of capitalism, but the state bureaucracies of socialism.”8
This is insight we should keep in mind.

Another issue about the corporation is its fundamental nature. According to the
seminal paper’® of professors Michael C. Jensen and William H. Meckling,
“Contractual relations are the essence of the firm, not only with employees but
also with suppliers, customers, creditors, etc.” Furthermore, “It is important to rec-
ognize that most organizations are simply legal fictions which serve as a nexus for
a set of contractual relationships among individuals” [original italics]. By “legal
fiction,” they mean the artificial construct under the law which allows certain cor-
porations to be treated as individuals. From this, a number of implications follow.
The most important implication for this book is that a corporation cannot be
viewed as an individual with motivations and intentions. Therefore, Social
Corporate Responsibility (SCR) is a fundamentally misleading term. In fact, they

76See Webster (1989). Webster’s Encyclopedic Unabridged Dictionary of the English Language.
New York, Gramercy Books. p. 1854.

7'In an award-winning documentary film called The Corporation (released in 2004), Mark
Achbar, Joel Bakan, and Jennifer Abbott argue that like all psychopaths, a corporation (1) is sin-
gularly self-interested because it attempts to create wealth for its shareholders; (2) is irresponsi-
ble because it puts others at risk in order to achieve objectives harming employees, customers,
and the environment; (3) insists that it is the best, or number one; (4) has no empathy and feels
no remorse; and (5) relates to others only superficially. See The Economist (2004). The lunatic
you work for. The Economist. 371: pp. 68.

78See Weber, M. (1992). Economy and Society: An Outline of Interpretive Sociology. Berkely,
University of California Press. p. 1470.

7See Jensen, M. C. and W. H. Meckling (1976). “Theory of the Firm: Managing Behavior,
Agebcy Costs and Ownership Structure.” Journal of Financial Economics 3(4): pp. 305-360.
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explain how a corporation in essence can be viewed as a market of contractual
obligations, and as such, its behavior is akin to the behavior of a market, i.e., the
outcome of complex (dis)equilibrium processes. This means that like in a market,
the parties responsible are:

(a) Employees—the choices and decisions they make in their everyday work
including contractual obligations between corporations and employees. Their
minimum responsibility is to manage the contractual obligations of the cor-
poration and do so within the law and the contractual obligations of the own-
ers including the supervision of the CEO. The supervisory aspects of owners
versus agents—leading employees—are a core question in agency theory and
how this agency works is somewhat related to the law, as to what is legal or
not, but apart from that, agency is another contractual relationship.

(b) Owners—by the contractual obligations they make and their supervision of
the CEO. Their minimum responsibility is to act within the law.

(c) Government—by configuring how the market operates according to some
legal standards for both (1) the corporation itself and (2) the markets the cor-
poration exists in. The government therefore has the ultimate responsibility
for corporate performance as long as the two other parties act within the law.

This means in turn that when we are to redirect the corporation and its sum of
activities in the economy toward a sustainable future, we must essentially address
these three parties in some way or the other. We cannot address the corporation
itself—it is after all a legal fiction so that whatever we address the corporation, it
will transfer its obligations to these parties in some fractional way or the other. If
the corporation accepts an invoice for something, someone must pay for it in one
way or the other.

So, does this mean that stakeholder theory is not useful? After all, some argue
that it is important for organizations to think in terms of stakeholders. A stake-
holder is “any group or individual who can affect or is affected by the achievement
of the organization’s objectives.”8 This is a shift away from “economic man”
whose goal is to maximize the wealth of the corporation based on contractual and
financial duties to shareholders®! to “socially responsible man” whose goal is to
ethically maximize the wealth of the corporation based on a variety of duties to
stakeholders. This sounds good on paper, but in reality, it makes little sense.

However, being a legal fiction does not mean that the economic model of the
corporation has to be the modus operandi, which has been highly and rightly criti-
cized in the stakeholder theory literature,3? because employees and the govern-
ment (representing the people and the land in a wide sense) are very important

80See Freeman, R. (1984). Strategic Management: A Stakeholder Approach. Boston, MA,
Ballinger. p.

81See Brenner, S. and P. Cochran (1991). The Stakeholder Theory of the Firm: Implications for
Business and Society Theory and Research. IABS Proceedings 1991.
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82See Key, S. (1999). “Toward a new theory of the firm: a critique of stakeholder “theory”.
Management Decision 37(4): pp. 317-328.
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stakeholders and part of the “contractual market” we call “the corporation.” The
contractual obligations are often of economic nature, but there are no limitations
as to their nature, in general, and this is how society must provide suitable govern-
ance for corporations to operate within. Therefore, a socially responsible corpora-
tion is one in which all three parties listed above are socially responsible. If one of
these fails, the corporation will fail in being socially responsible. However, regard-
less of their nature, their liabilities are limited due to the laws of limited liabilities.

A final issue is that what is legally right may not necessarily be morally right.
This follows from the fact that a social unit of the size of a nation will always be
more hypocritical than an individual. In fact, Reinhold Niebuhr (1892-1971)
claims that “Perhaps the most significant moral characteristic of a nation is its
hypocrisy.”83 These parties must therefore be judged according to the law and not
individual morals. However, thanks to NGOs, consumer reports, newspapers, and
the like corporations via their employees and owners are sometimes pressured to
think about what is morally right as well for the sake of corporate branding and
reputation. In an increasingly interconnected and increasingly affluent world, it is
likely that these moral forces will increase in the future. However, in this book,
they are ignored simply because they are not a part of the capitalist system per se.
By ignoring these forces, the book essentially takes a conservative approach mean-
ing that we have to foster sustainable development by improving the system with-
out including moral forces of any kind. Put plainly, sustainability should not be
pursued because it is morally right but because it makes rational sense for the
business of all the players in the capitalist system. We have succeeded when
Gordon Gekko realizes that a sustainable future is what he wants and is willing to
accommodate it.

What must change for that to happen is the key question? While this book tries
to give an answer, it is clear that no answer of today can be all exhaustive. We
are likely to miss out important points. Nevertheless, some changes must be made,
and next, we will look at the most important ones.

1.4 Ideas for Changes

It is better to have enough ideas for some of them to be wrong, than to be always right by
having no ideas at all.

Edward de Bono
To change the system, we must, as argued earlier, impact the attractor of the

system. Unfortunately, it is beyond human faculties to directly grasp the attrac-
tor of the capitalist system. However, it is clear it must be something very

83See Niebuhr, R. (1932). Moral Man & Immoral Society: A Study of Ethics and Politics.
London, Westminister John Knox Press. p. 284.
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fundamental. To be changeable, it must also be something that can be influenced
by governments—otherwise, we end up with issues that are of very fundamental
importance—such as the belief systems of people—that cannot be changed in any
fashion unless they themselves see the need for change. Thus, we must not let the
quest for the perfect hinder us in changing what we can change and then assess
whether it is sufficient or not. We must think in terms of continuous improvement,
and then at some point in time, we will reach the objective of sustainable societies.

Deeply rooted in capitalism is the principle of socializing risk. In fact, the pri-
mary idea of limited liability laws and subsequently shareholding was to “socialize
risk.”8 That means that society assumes some of the risk of conducting busi-
ness—the shareholder has a limited liability to the extent that they may lose their
share capital but not more. Today, however, many have lost the essential under-
standing of the capitalist society. It is important to recall that Smith was very con-
cerned about the moral issues relating to commerce and his contemporaries mostly
saw him as a moral philosopher, and not as an economist. In The Theory of Moral
Sentiments from 1759, he argues that self-love and sympathy, mediated by cus-
toms and institutions of civilized society, guide man to behave virtuously toward
man. In fact, he favors the marketplace mainly because the curbs it places on the
mighty. The economic system is therefore an institution of civilized society, and
the quintessence of his famous classic An Inquiry into the Nature and Causes of
the Wealth of Nations from 1776, commonly referred to as The Wealth of Nations,
is that self-interest and sympathy for man constrained by economic rivalry will
lead to widespread prosperity. He argued that, “It is not from the benevolence of
the butcher, the brewer, or the baker that we expect our dinner, but from their
regard to their own interest,” and “by pursuing his own interest he frequently pro-
motes that of the society more effectually then when he really intends to promote
it.” This mechanism he termed the “Invisible Hand”, and any order which arises
spontaneously without intention or design can be regarded an instance of the
Invisible Hand.3® Sustainable development must become such an order—it cannot
be managed by man because it is simply too vast and complex.

Crucially, there are at least three aspects of the Invisible Hand that are of
importance here. The most basic are (1) governance of the economic system
closely followed by (2) the measurement system and (3) taxation systems to
change behavior. All these three must be tackled if we are to guide our society into
a more sustainable direction. Briefly explained, governance must become clearer
and legislation that protects the old and hinders the new must be changed because
according to a study by the Organization for Economic Cooperation and

84See the through discussion in Chang, H.-J. (2002). Kicking Away the Ladder: Development
Strategy in Historical Perspective. London, Anthem Press. p. 187.
85See The Economist (1999a). Introducing big government. The Economist. 353: pp. 102.

86See Honderich, T., Ed. (1995). The Oxford Companion to Philosophy. New York, Oxford
University Press. p. 1009.
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Development (OECD), political governance and corporate governance are
“inseparable.’8’

Subsidies and protectionism must be reduced so that the comparative advantages of coun-
tries can be better utilized for the good of all. This will also stabilize the world and make
large-scale wars less likely. Players in the financial markets must be placed a curb on their
size so that none become ‘too big to fail’. Furthermore, the worst non-value-added/para-
sitic speculation must be outlawed, such as High-Frequency Trading (HFT); we cannot let
the doctrine of maximizing liquidity become a religious tenet beyond questioning. Is there
really no diminishing return on liquidity? Everything else in the realm of economics has
a diminishing return—it would be remarkable if liquidity was the first exception.... This
will greatly help also in dealing with short-termism and herding—phenomena that rein-
forces speculative behavior.

Such a move by governments may sound harsh but according to an OECD
report, ... the major institutional investors, have been an important force working
in favour of improved corporate governance worldwide.’®® Not only have they
pushed for more rigorous laws and regulations, improved governance, attacked
major corporations that do not comply, and forced the major auditing and consult-
ing companies to separate their consulting and auditing businesses, but they them-
selves are also willing to pay a premium for well-governed companies. For
example, institutional investors in the UK and the USA are willing to pay a
16-18 percent premium and 22 percent in Italy.3? In fact, some® estimate that
non-financial performance accounts for as much as 35 percent of institutional
investors’ valuation of public companies. This trend toward investing in green
companies is also clearly illustrated by the fact that in 2003 when the first confer-
ence of the Investor Network on Climate Risk, the participants represented assets
worth $600 billion, while only 2 years later—in 2005—the participants repre-
sented $2.7 trillion.’! Serious investors like these will be aided by measures aim-
ing at curbing speculative behavior, and all in all, we will all be better off. They
will perhaps be even more aided by “energy accounting” as briefly described later.

When it comes to the accounting systems, we have only one real option, other
than today’s monetary system, and that is something that can be called “energy
accounting” because (1) energy consumption is a vital indicator of socioeconomic
development;? (2) today’s energy costs are too low to have any real impact on

87See Oman, C. (2001). Corporate Governance and National Development. Paris, OECD
Development Centre. p. 47.

8See Oman, C. (2001). Corporate Governance and National Development. Paris, OECD
Development Centre. p. 47.

89See Investor Relations Business (IRB) (2000). Good governance pays off- institutions will pay
a premium for an independent board. Institutional Shareholder Services. p. 3.

90See Low, J. and T. Seisfeld (1998). “Measures that matter: Wall Street considers non-financial
performance more than you think.” Strategy & Leadership 26(2): pp. 24-28.

9'According to The Economist (2006a). The heat is on: A survey of climate change. London, The
Economist. p. 24.

92See Olsson, L. E. (1994). “Energy-Meteorology: A new Discipline.” Renewable Energy 5 Part
IL: pp. 1243-1246.
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business decisions in most of the economy; (3) energy consumption is to date the
only consistent, apolitical, and relevant environmental impact measure we have;
and (4) energy is what we are really pursuing causing emissions—why not address
the underlying problem directly? Furthermore, pricing decisions are often not
based on cost plus profit margin considerations, but increasingly market-based
pricing has become the norm. This means that the energy aspect of pricing will
most likely be minute. So, instead of raising energy costs by legislation, it is better
to shift the focus of the economic system away from purely monetary terms and
taxation of labor to also embrace energy consumption as basis for taxation. With
taxation, we here mean not just corporate taxes but also value-added taxes and
possibly also trade tariffs. We thereby not only avoid raising energy costs across
the board and risk losing the raised energy costs in pricing decisions, but we will
alter behavior away from products and processes with high energy consumption to
products and processes with low energy consumption. The principles of energy
accounting are close to the same as monetary accounting except the unit is no
longer monetary but energy consumption as measured by kilowatt-hour (kWh) or
kilojoule (kJ). However, unlike in the monetary world where costs and prices can
be quite different thus sending distorted signals (from a cost perspective) to the
next link in the supply chain, energy accounting will not be directly involved in
any pricing decisions and hence provide a more correct information flow within
the entire economy as to the environmental impact. Introducing energy accounting
will, of course, be a significant political challenge, but it is really the only option
we have if we want to add a more correct dimension to business decisions than
monetary costs and revenues.

Governments must also demand more correct risk management for large-scale
technological projects so that both the public is calmed down and correct risk man-
agement strategies are chosen for the sake of quality of decision-making. We can-
not afford that technologically sound solutions, such as nuclear power—it is the
only source of electric energy we have that is large scale and without direct green-
house gas emissions—are avoided on the basis on incorrect risk assessments and
low-cost solutions that make the public unsettled concerning the robustness of such
technology with respect to natural disasters such as earth quakes and tsunamis.

Government must also promote educational efforts so that we can start to prac-
tice corporate cost management correctly. Today, there is often a huge discrepancy
between actual costs and calculated costs simply because a large majority of com-
panies fail to treat costs correctly.”> The same applies to attitudes in society con-
cerning consumer behavior and ethics—something I am sure Smith would
welcome. This cannot be enforced—only promoted. Another area is of course cor-
porate governance and its twin political governance. Corporations can no longer

9This is well documented in a number of publications following the landmark book Johnson,
H. T. and R. S. Kaplan (1987). Relevance Lost: The Rise and Fall of Management Accounting.
Boston, MA, Harvard Business School Press. p. 269.
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argue solely out of their short-term self-interest anymore because most people do
not share the idea that the sole responsibility of corporations is to maximize profits
for its owners as Milton Friedman (1912-2006) argues.94 In fact, studies show that
corporations cannot obtain a legitimate decision-making role in society without
first having demonstrated® (1) respect for fellow citizens, (2) commitment toward
the community, and (3) exposure in the discussion.

However, if we realize that political governance is intimately linked with corpo-
rate governance, Friedman has a point given that there is sound political governance
and the laws in the land are upheld. This means that political governance is a key
area and a more careful reading of Friedman reveals that the heading of the article
many refer to is a to-the-point formulation because in his book, Capitalism and
Freedom from which he quotes in the end of the article, it reads “there is one and
only one social responsibility of business—to use its resources and engage in activi-
ties designed to increase its profits so long as it stays within the rules of the game,
which is to say, engages in open and free competition without deception or fraud.”®
In the book, he discusses this in broader terms. However, in countries where politi-
cal governance is poor, it is ethically wrong for multinational corporations to take
advantage of the situation—in that sense, the CSR movement is correct. This
should, however, not be an excuse for politicians worldwide to bail out, and if they
read this book, I hope to convey the fact that sustainable development is just as
much a matter of political governance as corporate governance, if not much more.
Furthermore, there is a great difference in relying on a solely political approach
based on direct intervention and conformance and an approach relying on unanim-
ity in following a market-based framework put in place and upheld by government.

All these issues, and more, will be discussed extensively in this book. Due to
the complexity of the topic, it is not straightforward to discuss it. However, I have
to the best of my abilities tried to organize it in a logical fashion for the general
reader. Next, the organization of the book is outlined.

1.5 The Organization of the Book

The topic of the book is wide—covering a number of relatively technical issues
such as risk management, finance, and innovation to broad issues like changing
the entire economic system—reengineering capitalism. At some critical places,
relatively deep discussions are provided to illustrate that current practices are not
the only way and in fact an inferior way. This means that the book is a complex

94See Friedman, M. (1970). The social responsibility of business is to increase its profits. New
York Times Magazine: pp.

% According to Saiia, D. H. and D. Cyphert (2003). “The Public Discourse of the Corporate
Citizen.” Corporate Reputation Review 6(1): pp. 47-57.

9See Friedman, M. (2002). Capitalism and Freedom. Chicago, IL, University of Chicago Press.
p. 210.
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piece of work which is difficult to communicate well. However, after rewriting the
draft of the book a couple of times, I realized that a suitable approach might be
like this.

Chapter 2 contains a discussion on how we have approached the climate and
sustainability issues so far—particularly the sustainability issues pertaining to the
broad topics discussed in this book. I provide a detailed discussion on the ISO
14001 standard to illustrate how current practices work conceptually and how
value-laden they are and hence susceptible to endless discussions if major issues
are at stake. Then, I also provide a direct discussion on the Kyoto Protocol and
the trading systems deriving thereof to show that the same conceptual weaknesses
of the ISO 14000 standard even persist into an entirely different system. With a
system resting on value-laden choices, I am 100 percent confident that discussions
will be the end result when major issues become at stake.

The purpose of this chapter is, of course, not to belittle the great work done by
many great scientists over the years. The message from this is actually more in the
direction that the problems we are facing—climate change, sustainability, and so
on—are not scientific problems per se, but rather systemic problems are related
to the economic system. We have to realize that highly complex systems, such as
the climate system of the Earth, cannot be measured, explained, and forecasted
in clear-cut ways. The famous American photographer Ansel Adams (1902—-1984)
once quipped that

There is nothing worse than a sharp image of a fuzzy concept”.

This is not just true in photography, but in my opinion, it is a fundamental truth
about knowledge and its limitations. We cannot expect science to tell us what to
do. As far as I am concerned, we know enough to understand we are facing major
future challenges and I also believe we know enough to make informed decisions.
What we lack is a broad-based system that will ensure that humans in pursuit of
self-interest will do so in the interest of the environment. Today, environmentalism
is more or less a faith where we have a few faithful, a huge number of agnostics,
and also quite many that basically do not care whatsoever. In fact, the fact that we
have a term for it is sad. Thinking about environmental impact must become inte-
gral to all decisions in business and policy. Chapter 2 will clearly demonstrate that
not only are we far from this today, but most likely we will never get there in the
current modus operandi.

Then, in Chap. 3, I have to discuss some extremely basic issues concerning risk
and uncertainty. Risk and uncertainty is not only important for policy makers, but
risk and uncertainty is almost the fuel of the financial industries. Since the laws
of limited liability were so crucial in socializing risk making investment person-
ally much safer than before, it goes without saying that how the residual risk is
managed in the financial industry is also of great importance. Risk and uncertainty
is also closely linked to innovation, and innovation is one of the great drivers of
change in society. Thus, risk and uncertainty is a very fundamental topic that I will
try to discuss thoroughly without getting too technical.
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Then, this discussion flows naturally into the world of Finance in Chap. 4.
Finance today is not only a huge part of the problems, but also a huge part of the
solution. Thus, understanding the financial world is vital justifying a quite long
chapter for it. It should be noted that I try to keep the discussion on a concep-
tual level to avoid too many technicalities which will essentially derail the book.
Therefore, this is not a review of the financial industry as such, but more a discus-
sion on their methods, tools, and results—also on high level. Furthermore, I have
chosen to divide the discussion into a number of subject areas that are contentious
in the literature and in practice. For example, the alleged short-termism and herd-
ing of Finance are undisputable topics in this context. To write a book about how
we can reengineer the capitalist system without discussion, these two topics in
particular, but also Finance in general, would be a complete miss of the mark.

The discussion of Finance provides us with some of the tools necessary to dis-
cuss the capitalist system both as of today but not the least during the Industrial
Revolution. It is particularly interesting to note what was different prior to the
Industrial Revolution compared to after and what caused the difference. These
causes can unfortunately not be directly transplanted to our time and altered to
foster sustainable development. The entire context is different, but I believe that by
understanding these causes, we can better understand the drivers we must impact
today to realistically foster sustainable development. All this, and more, is found
in Chap. 5 and to some extent in Chaps. 7 and 8.

In one way, the book could almost have ended here—except for a concluding
chapter—but since we have already chosen to discuss Finance in some details, it
is necessary to also discuss the other major drivers of change starting with how
we measure performance. In Chap. 6, I therefore introduce a conceptually sim-
ple idea that would provide us all with correct information about energy effective-
ness—energy accounting. The fact is that today, energy costs are just lumped into
everything else but due to the fundamental importance of energy consumption
and socioeconomic development, we cannot continue like this. The true cost of
generating energy and using it is also missing today since much of the impact is
external to the economic system and hence not assigned any costs whatsoever, and
this is perhaps the most important reasons for explicating energy consumption and
thereby energy efficiency.

Then, in Chap. 7, we look at technological development in a wide sense.
Understanding how technological development takes place is fundamental, and
in this chapter, it is discussed how. Borrowing from List’s insight, for example,
as to the importance of having supportive policies for infant industries during the
Industrial Revolution, it is clear that technological development must be aided
by something similar. It is outright naive to believe that the market can by itself,
under the current system, push the world toward sustainable development. The
system must be reengineered to allow a market-based and effective approach to
take hold of the entire society—not just the major polluters or idealists like today.
Therefore, the chapter highlights just as much the development of technologies
other than products, than to hammer more and more on the technology side.
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From this chapter, as well as several other chapters, it becomes clear that sus-
tainable development is more about making informed choices about policy based
on what we know today than to pursue ever more sophisticated scientific mod-
els to provide us with even better information for making even more informed
choices. There is a Chinese saying for this, “Even a long journey starts with a
little step.” Therefore, the role of the government receives much attention in this
book. Today, governments point their fingers at corporations and corporations
point back. This cannot continue, and from a historical perspective as well as from
economic theory today, it follows that government must very often protect infant
industries from the gales of competition. The government must therefore alter the
rules of the game before we can expect any serious changes. The role of the gov-
ernment is therefore discussed at relative length in Chap. 8.

The final chapter is Chap. 9, which is a closure pointing to some of the main
findings and tries to present it in a more intuitive way than facts and figures. Some
final thoughts are also offered.
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Chapter 2
The Quest so Far—And Why It Has Failed

The greatest obstacle to discovery is not ignorance—it is the
illusion of knowledge.
Daniel J. Boorstin

So far, the quest has been characterized by either high-profile summits where all
the countries in the world, more or less, adjourn to discuss our challenge based on
work from researchers, academics and to some extent industry, or by a whole
range of less profiled initiatives that are normally more practically oriented. These
less profiled initiatives can generally be divided into five groups':

1. Pollution Prevention, which is also known as waste minimization, green manu-
facturing, or environmentally responsible manufacturing. The common thread
is to encourage efficient usage of resources. Legislation falls under this cate-
gory as do the whole climate debate and the Kyoto treaty in its current trajec-
tory of conformance.

II. Design for environment (DFE), which deals with how to minimize environ-
mental burdens through design—eliminating the root of the problem at the out-
set so to speak.

III.Environmental management systems (EMS), which deals with the tools needed
to manage, from an environmental perspective. Here, we can include the ISO
14001 EMS.

IV.Product stewardship. As with pollution prevention, this is essentially political
or strategic in character. Legislation can fall under this category such as the
Norwegian tack-back legislation of electronics which forces those that sell and
produce electronics in Norway to take it back from their customers once the
product has reached its end of life.

V. Environmental accounting is also referred to as life cycle accounting, total cost
accounting, green accounting, and full cost accounting. The primary role of
environmental accounting is to support environmental initiatives and policies by

According to Wood, J. C. (1998). Environmental Impacts on Life Cycle Costs. Handbook of
Cost Management. J. A. Edwards. Boston, MA, Warren, Gorham & Lamont: pp. D6-1-D6-30.
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including the costs and benefits that are derived from the effects of the environ-
ment on the general ledger. This is therefore essentially a financial reporting and
analysis of environmental aspects as they are manifested on the general ledger.?

In earlier publications,? I have discussed such initiatives from the assessment per-
spective—cost, energy consumption, and environmental impact—and linked it to
design.* However, one thing that became apparent after several years of research
culminating in my PhD was the difficulty of obtaining information except when it
comes to information from the general ledger. This observation is the important
input to this book. In this book, however, the assessment side is not discussed—
here, the focus is on how to actually secure a more sustainable development by
providing a basis for systematic work. The old maxim “what we measure is what
we get” applies also in environmental issues but currently it does not work
because there is no consistent information flow and the information that is there is
often highly politicized and value-laden’ causing debate and not focus on
improvements.

But let us first step back to the beginning; in 1962, Rachel Carson published the
landmark book The Silent Spring,® and it heralded a new time when Nature was no
longer seen as unlimited and indestructible. Environmental consciousness became
the new mantra for many. A huge amount of research into areas such as sustaina-
ble development, climate change, environmental conscious design, EMS, green
design, bio-diversity, and pollution prevention have been undertaken since then in
addition to the aforementioned high-profile summits around the world. Most of
these initiatives have produced relatively minor results and many of them can be
classified as cost-management initiatives because they could have been initiated by
a normal, cost versus benefit analysis.

There has also been launched a large amount of environmental initiatives, and a
couple of them have actually given very good results and been successful such as

2For a thorough discussion, see Keoleian, G. A. and D. Menerey (1994). “Sustainable
Development by Design: Review of Life Cycle Design and Related Approaches.” Air & Waste
44(May): pp. 644—668.

3See;

o Emblemsvig, J. (1999). Activity-Based Life-Cycle Assessments in Design and Management.
The George W. Woodruff School of Mechanical Engineering. Atlanta, GA, The Georgia Institute
of Technology: pp. 600.

e Emblemsvig, J. and B. Bras (2000). Activity-Based Cost and Environmental Management: A
Different Approach to the ISO 14000 Compliance. Boston, Kluwer Academic Publishers. p. 317.
e Emblemsvag, J. (2003). Life-Cycle Costing: Using Activity-Based Costing and Monte Carlo
Methods to Manage Future Costs and Risks. Hoboken, NJ, John Wiley & Sons. p. 320.

4Also see Bras, B. and J. Emblemsvég (1996). Designing For The Life-Cycle: Activity-Based
Costing and Uncertainty. Design for X. G. Q. Huang. London, Chapman & Hall: pp. 398-423.
5See for example Liverman, D. M. (2009). “Conventions of climate change: constructions of
danger and the dispossession of the atmosphere.” Journal of Historical Geography 35(2): pp.
279-296.

6See Carson, R. (1962). The Silent Spring. Boston, MA, Houghton Mifflin. p. 368.
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the global effort to halt and stop the depletion of the ozone layer.” This effort,
properly referred to as “The Montreal Protocol on Substances that Deplete the
Ozone Layer,” which is a protocol to the Vienna Convention for the Protection of
the Ozone Layer, is an international treaty designed to protect the ozone layer by
phasing out the production of numerous substances that are responsible for ozone
depletion. According to analyses® performed by The Economist, this is the single
most effective climate policy so far resulting in an effect that is almost equal to the
sum of all other policies combined. The reason is that the ban is very effective
both eliminating the chlorofluorocarbons (CFCs), which destroy ozone (and is also
a very potent greenhouse gas) and costing relatively little. The cost of helping out
developing countries phase out CFCs was just USD 2.4 billion all told from 1990
to 2010, whereas Germany alone spends about USD 21 billion per year on renewa-
ble energy transformation.’

Another successful initiative has been the effort in North America to stop acid
rain. In fact, the US Environmental Protection Agency (EPA)!C claims that the
Acid Rain Program has the following:

1. Reduced SO; emissions by over 5 million tons from 1990 levels, or about
34 percent of total emissions from the power sector. Compared to 1980 levels,
SO; emissions from power plants have dropped by 7 million tons, or more than
40 percent.

2. Cut NOy emissions by about 3 million tons from 1990 levels, so that emissions
in 2004 were less than half the level anticipated without the program. Other
efforts, such as the NOy Budget Trading Program in the eastern USA, also con-
tributed significantly to this reduction.

3. Led to significant cuts in acid deposition, including reductions in sulfate depo-
sition of about 36 percent in some regions of the USA and improvements in
environmental indicators, such as fewer acidic lakes.

4. Provided the most complete and accurate emission data ever developed under
a federal air pollution control program and made that data available and acces-
sible by using comprehensive electronic data reporting and Web-based tools for
agencies, researchers, affected sources, and the public.

5. Served as a leader in delivering e-government, automating administrative processes,
reducing paper use, and providing online systems for doing business with EPA.

6. Resulted in nearly 100 percent compliance through rigorous emission monitoring,
allowance tracking, and an automatic, easily understood penalty system for non-
compliance. Flexibility in compliance strategies reduced implementation costs.

7See EPA, U. S. (2007). Achievements in Stratospheric Ozone Protection; progress report.
Washington, DC, US Environmental Protection Agency, Office of Air and Radiation. p. 37.

8See The Economist (2014a). Curbing climate change. The Economist. 412: pp. 22-26.

According to analyses from The Economist (2014a). Curbing climate change. The Economist.
412: pp. 22-26.

19See EPA, U. S. (2005). Acid Rain Program 2004 Progress Report. Washington, DC, US
Environmental Protection Agency, Office of Air and Radiation. p. 27.
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7. A 2005 study estimates that in 2010, the Acid Rain Program’s annual benefits
will be approximately $122 billion (2000 dollars), at an annual cost of about
$3 billion—a 40-to-1 benefit-to-cost ratio.

However, when it comes to global issues that cannot be directly legislated in place,
we have faced poor results. Why?

If we step back and investigate more what took place during the Industrial
Revolution, we realize that legislation that socialized risk in the shape of limited lia-
bility laws partly won the day. I believe that there would have been a revolution of
some kind irrespective of the technical marvels of the day simply because limited
liability took away the risk of imprisonment and so on in case of bankruptcy, and this
freed up capital that was already there. The technical marvels, of course, speeded up
the transition but did not make a revolution on their own. This was fundamentally
speaking a market-based approach—it was the Invisible Hand at its best, thus far.

The problem when it comes to our quest for a sustainable society is that we
have not made a system in the bottom that facilitates a market-driven approach.
Conformance to politically brokered treaties has been the mantra. With respect to
the three aspects of the invisible hand mentioned in Chap. 1)—(1) governance of
the economic system, (2) accounting systems, and (3) taxation systems—only tax-
ation systems have been envisioned. Naturally, the bulk of the corporate world
sees the quest toward a sustainable future as a cost and is consequently late adop-
ters if not close to rejecters. There are, of course, some corporate leaders that see
this as an opportunity such as Ray C. Anderson (1934-2011), Founder and CEO
of Interface Flooring Systems who read Paul Hawken’s book titled The Ecology of
Commerce. Tt changed his life.!!

Before continuing, I will show why the ISO 14000 standard cannot serve as
accounting system as some believe and therefore will fail as link to the economic
system. It will also become evident that such approaches are highly value-laden,
and this is another problem. Then, we must investigate the root causes of the fail-
ure of the Kyoto process so that this can be rectified in a re-engineered capitalist
system, which is the main topic of this book.

2.1 The Standardization Efforts and Why They
Are Insufficient

To every thing there is a season, and a time to every purpose under the heaven.
King Salomon
Ecclesiastes 3:1

The Coca Cola Company pioneered environmental analyses. In 1969, they studied
the resource consumption and environmental releases associated with their

“According to Anderson, R. C. (1998). Mid-Course Correction. Atlanta, GA, The Peregrinzilla
Press. p. 204.
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beverage containers. In Europe, at the time, an analysis technique, later termed
“Ecobalance,” was developed. Both were basically an inventory analysis,'> which
is essentially an analysis of an audit. In 1972, Ian Boustead (1939-2011) calcu-
lated the total energy consumption of the production of various beverage contain-
ers.!? This can be viewed as the beginning of Life Cycle Assessment (LCA), and
it has largely consolidated in the ISO 14000 EMS Standard. There are other sys-
tems as well—one is proposed by Society of Environmental Toxicology and
Chemistry (SETAC). The only real differences are the choices of impact catego-
ries and the weighting schemes. These, and similar approaches, I will refer to as
conventional LCA approaches to distinguish them from other approaches such as
activity-based LCA. !4

To help understanding why these approaches have limitations and challenges, I
will take you through the ISO 14000 LCA type. The environmental management
part of the ISO 14000 standard is similar to the ISO 9000 standard—it is generic
and sensible. The critical part is how measurements and improvements are done—
hence, the focus on the LCA part here—because it illustrates the problems with all
such value-laden approaches.

A conventional LCA consists of the following steps, which is outlined in the
ISO 14040-ISO 14042 standards and in SETAC’s “Code of Practice”!>:

. Goal definition and scoping,

. Inventory analysis,

. Impact assessment, and

4. Improvement Assessment (SETAC term) or Interpretation (ISO term).

[OSTN NS

I will now review each of these steps more in detail, and at the end of each section,
a critique of them is presented.

12According to Jensen, A. A., J. Elkington, K. Christiansen, L. Hoffmann, B. T. Mgller, A.
Schmidt and F. van Dijk (1997). Life Cycle Assessment (LCA)—A guide to approaches, experi-
ences and information sources. Sgborg, Denmark, dk-TEKNIK Energy & Environment. p.

13See Boustead, 1. (1996). “LCA—How it Came About, The Beginning in the UK.” International
Journal of Life Cycle Assessment 1(3).

14This approach was developed by this author and first presented in the PhD dissertation at
Georgia Institute of Technology and subsequently in this book; Emblemsvég, J. and B. Bras
(2000). Activity-Based Cost and Environmental Management: A Different Approach to the ISO
14000 Compliance. Boston, Kluwer Academic Publishers. p. 317.

15According to Consoli, F., D. Allen, I. Boustead and J. Fava (1993). Guidelines for Life-Cycle
Assessment: A ‘Code of Practice’. The SETAC Workshop, Sesimbra, Portugal, 31 March—3 April,
Society of Environmental Toxicology And Chemistry (SETAC), Jensen, A. A., J. Elkington,
K. Christiansen, L. Hoffmann, B. T. Mgller, A. Schmidt and F. van Dijk (1997). Life Cycle
Assessment (LCA)—A guide to approaches, experiences and information sources. Sgborg,
Denmark, dk-TEKNIK Energy & Environment. p.
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2.1.1 Goal Definition and Scoping

During this initial phase of the LCA, one is supposed to define the following:

1. “Goal,” which shall unambiguously state the intended application, including
the reasons for carrying out the study and the intended audience, i.e., to whom
the results of the study are intended to be communicated.

2. “Scope,” which describes the model of the systems to be studied. The scope
should be defined well enough to ensure that the breadth and depth of a study
are compatible with and sufficient to address the stated goal.

3. “Function and functional unit.” The function is the performance characteristics
of the system, while the functional unit is selected to measure “the performance
of the functional outputs of the product system.”

4. “System boundaries,” which defines the unit processes, which will be included
in the system to be modeled.

5. “Data quality,” which must be defined by specific characteristics that describe
both quantitative and qualitative aspects of data as well as the methods used
to collect and integrate those data. There are five data quality indicators: (1)
precision, (2) completeness, (3) representativeness, (4) consistency, and (5)
reproducibility.

6. “Critical review process” is added in the end as a quality assurance measure.

These steps are sound and generic for just about any assessment method except
one step, the definition of functions and functional units. A functional unit is
defined as “the functional outputs of the product system whose primary purpose is
to provide reference to which the input and output are normalized.”!¢ “For exam-
ple, systems A and B perform functions x and y which are represented by the
selected functional unit, but system A performs function z which is not represented
in the functional unit. As an alternative, systems associated with the delivery of
function z may be added to the boundary of system B to make the systems more
comparable.”

As we understand, the usage of functional units does not really make compari-
son possible, and how can we deal with say 20 systems with several important
functions each, using functional units? In cases where there is no linear relation-
ship between the function and the functional unit, like fuel consumption of a ship
and the mass of cargo, the functional unit is also misleading as a basis for compar-
ison. Add that during design various solution principles can involve various func-
tion structures, which effectively prohibit all comparison if functional units are
required. Finally, the usage of functional units totally breaks down for consumer
products, because the preference of customers cannot be approximated by a func-
tional unit—we do not buy, e.g., a car based on transportation costs per driver

16See Jensen, A. A., J. Elkington, K. Christiansen, L. Hoffmann, B. T. Mgller, A. Schmidt and
F. van Dijk (1997). Life Cycle Assessment (LCA)—A guide to approaches, experiences and infor-
mation sources. Sgborg, Denmark, dk-TEKNIK Energy & Environment. p.
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mass. For example in one study, the ISO LCA is used to assess a toy manufac-
turer!” and a significant problem is that they are unable to identify any functional
units for the products. I therefore believe that functional units have limited usage,
in general. Any method that relies on such concepts will not suffice.

2.1.2 Inventory Analysis

The inventory analysis whose purpose is simply to quantify inputs and outputs of a
product system contains the following main issues:

1. “Data collection.” The data can be site-specific or general; in any case, they
must be collected for all unit processes within the system boundaries. Even
qualitative data are allowed. As noted in the literature, this process may be
resource intensive.

2. “Refining system boundaries.” Based on the successes of the data collection,
the system boundaries may have to be altered to better fit the available data set.

3. “Calculation” is simply a step to manipulate the data to make the amount of
data manageable.

4. “Validation of data” is then employed to ensure the data quality. The purpose is
to find areas where the data are insufficient so that better date can be gathered.

5. “Relating data to the specific system” by using the correct unit processes. The
purpose is obviously to ensure that the right data are associated with the right
unit processes. For each unit process, an appropriate reference flow shall be
determined, or functional unit, for normalization purposes.

6. “Allocation” is employed when it is not possible to contain all the impacts and
outputs inside the system boundaries. There are two ways out of this problem:
(1) expanding the system boundaries to include all the inputs and outputs or (2)
allocating the relevant environmental impacts to the studied system. The prob-
lem with option (1) is that it may make the whole analysis too complex. In the
literature, we find procedures for doing this.

From the cost-management literature, '® we know that allocations, i.e., in the sense
of assignment of costs using estimations, can never become 100 percent correct
and with the highly ambiguous procedures in conventional LCA I see no reason to
assume that it will be a lesser problem. In fact, it will most likely be a larger

17See Emblemsvig, J. and B. Bras (1998). ISO 14000 and Activity-Based Life-Cycle Assessment
in Environmentally Conscious Design and Manufacturing: A Comparison. 1998 ASME Design
Engineering Technical Conference, Atlanta, GA, American Society of Mechanical Engineers
(ASME).

18See for example Cooper, R. (1990). “Five Steps to ABC System Design”’ Accountancy
(November): pp. 78-81. and Kaplan, R. S. (1992). “In Defense of Activity-Based Cost Management.”
Management Accounting(November): pp. 58—63.
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problem simply because of the fact that establishing causal relationships between
product, functions, inputs, and outputs sound rather impossible. In fact, ISO states
that the allocation procedures may vary the allocation factors from 0 to
100 percent. Then, what is the point?

ISO also prescribes the usage of unit processes. A unit process is defined as
“the smallest portion of a product system for which data are collected when per-
forming a life cycle assessment,”!” or “the basic building blocks within the system
boundaries.”?° The major problem with this approach is that if a company uses
processes not modeled in any known software, then impact assessments are impos-
sible (or they can in the best case be approximated crudely). Now, taken into
account that there are more than eight million chemical compounds in commercial
usage at the turn of the century, see the Beilstein and Gmelin databases, establish-
ing unit processes seems a rather daunting, if not impossible approach. Another
issue is that such an approach will become incredible bureaucratic and slow when
updates are needed, which will probably be needed continuously.

2.1.3 Impact Assessment

The impact assessment consists of the following four steps:

1. “Category definition.” Here, the environmental impact categories are defined
by ISO in order to describe the impacts caused by the considered products
or product system. Examples of typical impact categories include abiotic
resource, biotic resources, land use, global warming, stratospheric ozone deple-
tion, ecotoxicological impacts, acidification, and eutrophication.

2. “Classification.” Classification is a qualitative step based on scientific analysis
of relevant environmental processes during which the various inputs and out-
puts are assigned to the various categories. Since some outputs have to be
accounted for in several categories and thereby double and triple accounting
may be necessary. The environmental impacts also have to be scaled according
to their geographical impact into four groups; local, regional, continental, and
global. Throughout this process, there is an implicit assumption that “less is
better.”?!

19According to ISO/TC 207/SC 5 (1996). Environmental Management—Life Cycle Assessment—
Principles and Framework. International Organization for Standardization. p.

2OAccording to Jensen, A. A., J. Elkington, K. Christiansen, L. Hoffmann, B. T. Mgller, A.
Schmidt and F. van Dijk (1997). Life Cycle Assessment (LCA)—A guide to approaches, experi-
ences and information sources. Spborg, Denmark, dk-TEKNIK Energy & Environment. p.

21See ISO (1997). Environmental management—Life cycle assessment—Life cycle impact assess-
ment. International Standards Organization. p.
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Table 2.1 An example of categorization and weighting factors

Environmental effect Weights | Criterion

Greenhouse effect 2.5 0.1 °C rise every 10 years, 5 percent ecosystem
degradation

Ozone layer depletion 100.0 Probability of 1 fatality per year per million inhabitants

Acidification 10.0 5 percent ecosystem degradation

Eutrophication 5.0 Rivers and lakes, degradation of an unknown number

of aquatic ecosystems (5 percent degradation)

Summer smog 2.5 Occurrence of smog periods, health complaints,
particularly among asthma patients and the elderly,
prevention of agricultural damage

Winter smog 5.0 Occurrence of smog periods, health complaints,
particularly among asthma patients and the elderly

Pesticides 25.0 5 percent represented an approximate reduction of ecosys-
tem degradation

Airborne heavy metals 5.0 Lead content in children’s blood, reduced life expectancy
and learning performance in an unknown number of
people

Waterborne heavy 5.0 Cadmium content in rivers, ultimately also impacts on

metals people (see Airborne heavy metals)

Carcinogenic substances 10.0 Probability of 1 fatality per year per million people

3. “Characterization” whose aim is to model categories in terms of indicators. The
model should be based on scientific knowledge where possible, but may have
simplifying assumption and value choices.

4. “Valuation/weighing” is a step designed to overcome that fact that “comparison
of these categories is not immediately possible.”?> By assigning weights to the
various categories based on policies, goals, stakeholder opinions, and the like, a
number that described the environmental impact is produced. Several
approaches for this process are found in the literature.

In my opinion, the impact assessment step is a significant problem for the conven-
tional LCA methods because it leads to political debate® as people disagree which
emissions impact which impact categories and to what extent. In fact, consensus has
not been reached for a single list thus far to my knowledge. This is probably also
explaining the reluctance from a number of countries to ratify some agreements.
Consider Table 2.1, which shows a possible categorization of impacts and the
associated weighting scheme. It is obvious that we will end up in never-ending
discussions and political debate and ultimately no action if taxes associated with
environmental impacts are to be imposed based on such a weighting- and

22A fact acknowledged by ISO (1997). Environmental management—Life cycle assessment—Life
cycle impact assessment. International Standards Organization. p.

23According to Jensen, A. A., J. Elkington, K. Christiansen, L. Hoffmann, B. T. Mgller, A.
Schmidt and F. van Dijk (1997). Life Cycle Assessment (LCA)—A guide to approaches, experi-
ences and information sources. Sgborg, Denmark, dk-TEKNIK Energy & Environment. p.
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categorization scheme. In fact, during the Kyoto meeting in December 1997, the
delegates had enormous problems of agreeing upon just the greenhouse effect,
which is just one out of roughly ten categories, and it did not stop there: The legis-
lative environment in the US congress in 1997 was so bad that the Clinton admin-
istration did not even try to ratify the Kyoto treaty.?* But disagreement is common
among researchers as well if we go to details that have important consequences.
Regardless of the category definition, even if that happens to be the same, there
are more than enough issues where people can misinterpret or simply go wrong:

1. After defining the categories, the next step of the impact categorization is
classification. Due to the fact that various emissions can contribute to several
categories, double, triple, etc., counting is needed. This requires that the practi-
tioners have good understanding in the effects of every emission, because oth-
erwise they will not be able to classify correctly.

2. An implicit assumption in the classification is “less is better” as mentioned
earlier which in cases where compromises between various emissions must be
made can lead to wrongful decisions.

3. The next step within the impact categorization is characterization, where one
tries to assign the relative contribution of the relevant environmental processes.
This is based on scientific knowledge, however, when that is not available one
simply makes value choices. The result is that one mixes apples and pears
whose result cannot be comparable, which is a major problem.?’

4. The last step is the weighting or valuation. The purpose is to rank, weight, and
possibly aggregate the results in order to arrive at the relative importance of the
results. What completely ruins the credibility that might be left after the pre-
vious steps is now totally eradicated by allowing organizations and groups of
stakeholders impact how the weights are chosen.

5. Throughout this process of impact categorization, they also try to establish a
geographical area of impact. This is done by using highly ambiguous, sub-
jective, and incomparable scales: “Global,” “Continental,” “Regional,” and
“Local.” Global and continental are fairly accurate although incomparable.
However, the two other scales are very inadequate in all respects, because it is
inherently confusing, e.g., how local is local?

When all this is said, we should remember that the ISO 14000 standard, just like
the ISO 9000 standard, is focusing on how a corporation can improve themselves
and as such these issues are not that critical, but in order to tackle the issues dis-
cussed in this book they are disastrous. Achieving comparability is the key and
without it there is no basis for measurement and improvement between corpora-
tions and ultimately nations.

24 According to Meserve, J. (1998). Environmental Legislation Going Nowhere Fast. Washington.
DC, AllPolitics. p.

23See the critique by Ayres, R. U. (1995). “Life cycle analysis: A critique.” Resources, conserva-
tion and recycling(14): pp. 199-223.
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2.1.4 Interpretation

Interpretation, or “improvement assessment,” revolve around three issues to facili-
tate decision-making:

1. “Identification of significant environmental issues” in a prudent and justifiable
manner which obviously is a necessity if a company should have any use of a
LCA.

2. “Evaluation.” The first element of this step is to conduct a qualitative check of
the selection of data, processes, etc. to discuss the possible consequences of
leaving out information. The second element is to apply a systematic qualita-
tive or quantitative analysis of any implications of changes in the input data
caused by data, methodological, and/or epistemological uncertainties. The last
step (third) is to discuss the variations identified in relation to the goal and
scope of the study. Check for completeness, sensitivity, and consistency as well
as for uncertainty and data quality is only developed to a limited degree.

3. “Conclusions and recommendations” which is similar to any scientific or tech-
nical assessment, investigation or alike.

From this we understand that neither uncertainty analysis nor sensitivity analysis
is well developed. In fact, some researchers say it flat out that “it is not possible to
give a general rank of priorities of strategies and options for improvements.
From this we understand that whatever result may be left to interpret, it does not
have much value for a corporation, or for anybody else for that matter.

2.1.5 Some Closing Remarks

As if the four aforementioned issues are not bad enough, the whole ISO 14000
standard is so loosely defined that the implementation can vary so much that two
studies of the same case can in principle be incomparable. That can occur if only
one of the following issues is occurring, in order of severity (the worst first):

1. The studies have different system boundaries, goals, and/or scope. This can be
easily exemplified by the fact that when Interface Flooring Systems in La
Grange, Georgia, USA, asked Exxon to assess the embodied energy, i.e., what
we refer to energy content in Chap. 6, for some chemicals, Exxon came up

26See Hanssen, O. J. (1998). “Sustainable Product Systems—Experiences Based upon Case
Projects in Sustainable Product Development.” Journal of Cleaner Production 7(1): pp. 27-41,
which according to Christiansen, K., R. Heijungs, T. Rydberg, S.-O. Ryding, L. Sund, H. Wijnen,
M. Vold and O. J. Hanssen (1995). Report from Expert Workshop at Hankg, Norway on LCA in
Strategic Management, Product Development and Improvement, Marketing and Ecolabelling and
Governmental Policies. @stfold Research Foundation. p. has developed ‘one of the most compre-
hensive methods for Environmentally Sound Product Development’.
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with negative embodied energy.?’ It does not take long to figure out why. By
choosing the systems boundaries in certain ways, this is possible.

. The functional units are chosen differently.

. The software used in the two studies has different set of unit processes.

. The impact categorization is different.

. The implementation itself is different. That is, various factors are included in
one of the studies which are not included in the other study based on the vari-
ous critical reviews throughout the entire process.

W B~ W N

The ISO 14000 standard basically leaves too many issues open to the practition-
ers.?8 This is of course very convenient from a political point of view, but it ruins
comparability, benchmarkability, and finally credibility—particularly with respect
to the topic in this book.

Finally, the framework is bureaucratic and there are substantial risks that it will
never be used in the daily operations of a corporation. It serves best as a strate-
gic tools to help companies improve themselves, locally, but as basis for becom-
ing sustainable they will never work simply because they do not allow a systemic
approach since they fail to establish consistency and comparability. Rolf Bretz of
Ciba, for example, predicts that if comparability is not achieved, “LCA will be
short-lived in the commercial world.” This he said more than a decade ago, when
LCA was relatively hot, but today it is largely forgotten so it seems he was right.

Despite these shortcomings, the International Organization for Standardization
(ISO) keeps pushing for even more standardization along the same lines and
argues for “tackling climate change through standards” in the 2009 September
issue of ISO Focus; The Magazine of the ISO. I believe that climate change, or
sustainable development, cannot be tackled through standardization at all. The
issues are much too complex for simple approaches like that.

Next, we investigate the climate change issues and how the international com-
munity has handled it thus far.

2.2 The Climate Change Effort and Why It Fails

The secret of change is to focus all of your energy, not on fighting the old, but on building
the new.
Socrates

The Intergovernmental Panel on Climate Change (IPCC) is the leading interna-
tional body for the assessment of climate change.?® It was established by the

2Tpersonal communication with Director of Process Development Stuart Jones at Interface
Flooring Systems in LaGrange January 13 1999.

28See Emblemsvag, J. and B. Bras (1998). ISO 14000 and Activity-Based Life-Cycle Assessment
in Environmentally Conscious Design and Manufacturing: A Comparison. 1998 ASME Design
Engineering Technical Conference, Atlanta, GA, American Society of Mechanical Engineers (ASME).

29See http://www.ipcc.ch/organization/organization.shtml.
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United Nations Environment Programme (UNEP) and the World Meteorological
Organization (WMO) in 1988 to provide the world with a clear scientific view on
the current state of knowledge on climate change and its potential environmental
and socioeconomic impacts. In the same year, the UN General Assembly endorsed
the action by WMO and UNEP in jointly establishing the IPCC.

The assessments of IPCC form the basis for the Kyoto treaty and for a number
of high-profile summits where the governments around the world are to agree on
cuts in carbon dioxide (CO;) emissions. So far, the results are abysmal—why?

Without going into the scientific part of this in significant depth, for which I am
unqualified, it should be mentioned that there not only exists serious counterargu-
ments on the scientific side, see Sect. 2.2.2, but also on the socioeconomic side. In
fact, one key problem® with the IPCC’s report, sufficient by itself to declare the
document “technically unsound,” is the way the scenario-builders have based their
projections of future output on national GDP estimates which have been converted
to a common measure using market exchange rates. This procedure leads them to
overstate the initial gaps in average incomes between rich and poor countries—
because prices tend to be much lower in poor countries. Those gaps are in turn
crucial for the IPCC’s projections, because the method used in the scenarios
assumes not only that the rich countries will continue to get richer but also, in
most of the 40 scenarios considered, that the greater part of the (overstated) initial
gaps between rich and poor will be closed by the end of the century.

This critique, also known as the Castle-Henderson critique, was subsequently
published in the journal Energy and Environment (Vol. 14, No. 2-3) and the IPCC
was invited to respond. The tragedy is that instead of taking this critique seriously
from highly qualified people, IPCC chose to amass 15 authors to supply a
response in which they defended previous work. This caused The Economist®' to
conclude that IPCC is “dangerous economic incompetent” explaining this incom-
petence by pointing to another obvious fact, ““...that this horde of authorities is
drawn from a narrow professional milieu.” Later, in Sect. 2.2.2, we will see that
this narrowness is also a problem for the climate scientific part as well.

In light from the diffusion of innovation discussion in Chap. 1 and Fig. 1.5, it is
clear that we fail at decision type V both in establishing the need for change, a
clear diagnosis and so on. Perhaps, more seriously, there is no agency that acts as a
change agent and certainly not as a change agent in the sense that the agricultural
extension service did with huge success, as discussed later. The whole change pro-
cess is to take place in highly unconventional ways. The innovation decision pro-
cess that the Kyoto process lends itself to is somewhere between the authoritative
one and the collective one, but with no enforceable supranational organ authority
becomes a hollow threat and a collective search for a solution take ages. From the

30According to Ian Castles of the National Centre for Development Studies at Australian
National University, formerly the head of Australia’s national office of statistics; and David
Henderson of the Westminster Business School, formerly the chief economist of the OECD. See
The Economist (2003a). Hot potato. The Economist. 366: pp. 74.

31See The Economist (2003b). “Hot potato revisited.” The Economist 369(8349): pp. 78.
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discussion in Chap. 1, it was concluded that only an optional-/market-based
approach can stand the chance of succeeding but this is not chosen. Instead, it is
highly political—even the summary part of the IPCC report is so politically laden
that scientists are “angry at the deletions and astonished by the process.”?

There are a number of parties calling for a carbon trading system, but the root
cause for climate change is not carbon emissions per se—it is the quest for energy.
This is one reason why this book tries to focus on the energy issues more than
the emission issues. Emission is largely a choice due to economic constraints or
costs and lack of political will, but the need for energy is not (unless we are to pre-
vent emerging economies from rising, which is an intolerable line of argument).
Another issue is that focusing on energy leaves out a lot of policy and can be han-
dled in an accounting-like fashion as outlined in Chap. 6.

However, for the sake of argument, let us also review how the carbon trad-
ing system has worked so far and how it will work in the future. To help us on
the way, it is useful to first explore a trading system that actually works, the SO»
allowance-trading system in the U.S.

2.2.1 The SO; Allowance-Trading System

A landmark example of a cap-and-trade system that works well is the SO, allow-
ance-trading system33 which was established under Title IV of the Clean Air Act
Amendments (CAAA) of 1990 in the USA. This system is a landmark example for

several reasons>#:

1. The SO, allowance-trading system in the USA was the first large-scale appli-
cation of cap-and-trade to control pollution. For long, it was the largest and
is to this day (2015) only superseded by the European Union (EU) Emissions
Trading System (ETS) which was implemented in 2005.

2. The purpose of the program was to reduce the emissions in the USA by 10 mil-
lion tons relative to 1980, when total US emissions were about 25.9 million
tons. This goal was to be accomplished in two phases; from 1995 to 1999 and
from 2000 and onwards and represented an approximate reduction of 50 per-
cent from 1980 levels, or 17.5 million tons. The targets were met by 2007 even
though electricity generation from coal-fired power plants increased 25 percent
from 1990 to 2004.

3. The estimated costs were $6.1 billion, but they turned out to be less than $2 bil-
lion (although there are various estimates), and later estimates are as low as

32See The Economist (2014b). Inside the sausage factory. The Economist. 411: pp. 69.
33This system is also known as the Acid Rain Program and the SO, cap-and-trade system.

34According to Chan, G., R. Stavins, R. Stowe and R. Sweeney (2012). The SO2 Allowance
Trading System and the Clean Air Act Amendments of 1990: Reflections on Twenty Years of
Policy Innovation. Cambridge, MA, Harvard Environmental Economics Program. p. 39.
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$0.5 billion.3> Moreover, the health benefits, however, were estimated at more
than $50 billion per year by 2010.

4. This was achieved without extensive price volatility and compliance was close
to perfect. This was largely achieved by transparent data systems, public access
to information and strict and certain penalties for non-compliance.

In this program, the allowances were distributed for free due to prior regulatory
benchmarks associated with emissions per unit of heat. According to theory,3® at
the time the initial distribution of allowances including, specifically, how many
allowances a given firm holds at the outset will have approximately no effect to the
ultimate outcome. What matters to corporation’s decisions to trade or abate are
marginal abatement costs, and these costs are generally unaffected by the initial
allocation of allowances. Later economic analyses have, however, elucidated the
relative merits of free allocation and actions of allowances in cap-and-trade pro-

grams and three conclusions are relevant for the SO, allowance-trading system3”:

1. Unless the overall emission cap is very stringent, the sum of the market
value of allowances is likely to substantially exceed the total abatement costs
incurred to meet the cap causing recipients of free allowances to be overcom-
pensated for their actual compliance costs resulting in windfall profits. This
problem increases with size of the cap-and-trade market.

2. If there is no price regulation, emitters can easily pass on the bill of compliance
to the customers. In many US states, however, there are cost-of-service regula-
tions causing emitters to look for more cost-effective solutions and not merely
pass the bill to customers.

3. An action of allowances is more economically effective for society although for
the emitters the abatements costs remain the same. In a sense, this represents a
general principle of shifting taxation from social “goods” to social “evils” such
as pollution.

All these three conclusions are violated in the global carbon market—(1) the sys-
tem is much bigger than the US SO, allowance-trading system, (2) there are no
price regulatory bodies so the temptation to pass the costs on to customers is huge,
and (3) the allocation of allowances is very questionable. Before seriously criticiz-
ing the system, however, it is useful to first investigate it.

3See for example EPA, U. S. (2011). The benefits and Costs of the Clean Air Act from 1990 to
2020: Final Report. Washington, DC, US Environmental Protection Agency, Office of Air and
Radiation. p. 238.

36See Montgomery, W. D. (1972). “Markets in licenses and efficient pollution control programs.”
Journal of Economic Theory 5(3): pp. 395-418.

¥7See Chan, G., R. Stavins, R. Stowe and R. Sweeney (2012). The SO2 Allowance Trading
System and the Clean Air Act Amendments of 1990: Reflections on Twenty Years of Policy
Innovation. Cambridge, MA, Harvard Environmental Economics Program. p. 39.
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2.2.2 The Emissions Trading System

The global carbon market is more properly known as the emissions trading system
(ETS) because carbon is just one of several greenhouse gases (GHGs) and not the
one with highest global warming potential either. Therefore, a whole set of gases
have been assessed with respect to their global warming potential and they all fall
under this ETS. It is therefore more correct to talk about emissions with global
warming potential. So much for definitions, if we step back and look at how the
system came about it will be easier to understand how it works.

The origins of the international concern about climate change is traceable to the
publication of the Mauna Loa’® series which showed an increase in atmospheric
carbon dioxide and this was linked to the rise of consumption of fossil fuels and
what this might mean in terms of global temperatures. For an excellent overview
of the whole story written by insiders review the accounts of Diana Liverman®
and David Demeritt.*’ This publication series and a number of other simplistic
publications “were enough to provoke a small but influential group of scientists to
build the case for institutions and policies to coordinate research and responses to
the risks of climate change. In turn, this led to a series of meetings and reports
between 1985 and the Rio Summit in 1992 laid the scientific groundwork for an
international agreement on climate change.”*! The rest of the story is more or less
as described earlier in this book.

To build the case, these scientists and others produced three key narratives that
have been used internationally to rally politicians, the public, and other scientists
around the world for global warming and climate change*?: (1) “dangerous cli-
mate change” must be avoided, (2) the responsibility for climate change is com-
mon although somewhat differentiated, and (3) the market—using cap-and-trade

3The location of Mauna Loa has made it an important location for atmospheric monitor-
ing by the Global Atmosphere Watch and other scientific observations. The Mauna Loa Solar
Observatory (MLSO), located at 3400 m, has long been used for observing the sun. The NOAA
Mauna Loa Observatory (MLO) is located in the proximity. From its location high above local
human-generated influences, the MLO monitors the global atmosphere, including the greenhouse
gas carbon dioxide. Measurements are adjusted to account for local outgassing of CO2 from the
volcano. For more information see page 95 in Rhodes, J. M. and J. P. Lockwood, Eds. (1995).
Mauna Loa Revealed: Structure, Composition, History, and Hazards. Geophysical Monograph
Series (Book 92). Washington DC., American Geophysical Union. p. 348.

$See Liverman, D. M. (2009). “Conventions of climate change: constructions of danger and the
dispossession of the atmosphere.” Journal of Historical Geography 35(2): pp. 279-296.

40See Demeritt, D. (2001). “The Construction of Global Warming and the Politics of Science.”
Annals of the Association of American Geographers 91(2): pp. 307-337.

4TAccording to Liverman, D. M. (2009). “Conventions of climate change: constructions of
danger and the dispossession of the atmosphere.” Journal of Historical Geography 35(2): pp.
279-296.

2 According to Liverman, D. M. (2009). “Conventions of climate change: constructions of
danger and the dispossession of the atmosphere.” Journal of Historical Geography 35(2): pp.
279-296.
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system—is the most cost-efficient way to reduce the danger. They are therefore
embedded in international climate agreements such as the 1992 United Nations
Framework Convention on Climate Change and the 1997 Kyoto Protocol. The
problem is that science has become political*> because these three narratives do
not stand up to scientific scrutiny.** In many ways, they suffer from the same con-
ceptual problems as the ISO 14000 system discussed earlier in that there are too
many value-laden judgments causing debate. The worst, however, is that in order
to win support from politician and the public, the IPCC intentionally makes the
scientific advice more certain than what it is, which the climate sceptics use
against them.* In fact, in one study*® where they studied paleoclimate data from
19,000 to 23,000 years ago, the results suggest a lower probability of imminent
extreme climatic change than previously thought. In fact, despite considerable
efforts over the last 32 years, the uncertainty of the initial estimates of 3 & 1.5 °C
remains. In other words, climate study is an area of doubt and uncertainty.

It is important to understand that science rests upon a process of selection*’ and
what is crucial to understand is that it is a narrow selection which means that
results obtained through scientific processes should be viewed as true within limits
and then we must judge whether these limits have practical consequences or not
with respect to reality. The term “theoretically laden facts” introduced by Lev
Semjonovitsj Vygotsky (1896-1934) is therefore extremely relevant,*® and also
the simple fact that of all the “inexorable laws of Nature” before 1900 only
Newton’s law of gravity have stood the test of time.*’ In other words, the scientific
process is a process of continuous improvements, sometimes changed by radical
innovations, where improved theories replace outdated ones—and we are, of
course, not at the end of this process (if it will ever come). It is therefore plainly
naive to believe that the climate models we have today of such a hugely complex
topic as climate change are so correct that there is negligible room for debate and
hence will form a clear basis for a huge volume of economic transactions that will

43See Demeritt, D. (2001). “The Construction of Global Warming and the Politics of Science.”
Annals of the Association of American Geographers 91(2): pp. 307-337.

“For an excellent review see Liverman, D. M. (2009). “Conventions of climate change: con-
structions of danger and the dispossession of the atmosphere.” Journal of Historical Geography
35(2): pp. 279-296.

45See Demeritt, D. (2001). “The Construction of Global Warming and the Politics of Science.”
Annals of the Association of American Geographers 91(2): pp. 307-337.

46See Schmittner, A., N. M. Urban, J. D. Shakun, N. M. Mahowald, P. Clark, U., P. J. Bartlein,
A. C. Mix and A. Rosell-Melé (2011). “Climate Sensitivity Estimated from Temperature
Reconstructions of the Last Glacial Maximum.” Science 334(9 December): pp. 1385-1388.

4TSee the classic work of Merz, J. T. (1915). Religion and Science, A Philosophical Essay.
London, William Blackwood and Sons. p. 192.

48See Vygotsky, L. S. (1988). Thought and Language. Cambridge MA, The MIT Press. p. 285.

49See Merz, J. T. (1915). Religion and Science, A Philosophical Essay. London, William
Blackwood and Sons. p. 192.
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be respected internationally. The belief in the infallibility of science is tantamount
to rising science to the level of becoming an ideology based on the rhetoric of
objectivity. The trouble with this rhetoric is that it suggests that “...science some-
how stands above and outside the fray as a uniquely privileged vehicle to Truth.”>°
In fact, Demeritt’! has identified a number of potentially contentious judgments,
assumptions, and practices:

1. Anthropogenic climate change is a global-scale, environmental (as opposed to
political or economic) problem.
2. It is caused by the universal physical properties of GHGs (as opposed to
underlying political structures or moral failings).
3. These objective entities have universal meanings that can be discovered scien-
tifically by experts.
4. The best way to understand global warming scientifically is to model it
mathematically.
5. An important objective of climate science should be the construction of more
complex, comprehensive, and physically reductionist models.
6. Model simulations provide the basis of future climate predictions.
7. Rational policy is (or should be) founded on general circulation model (GCM)
projections about the regional-scale impacts of climate change.
The regional scale is the most meaningful one for policy making.
9. Model parameterizations adequately simulate the climate system variability,
or soon will.
10. Modelers should focus first on (what they perceive to be) the most likely out-
comes, as opposed to the most extreme.
11. Experts are best placed to decide the legitimacy and credibility of these
practices.

*®

The sum of this is that “a socially contingent form of scientific knowledge is being
shaped by an emergent international policy regime that, in turn, is being con-
structed and legitimated by this same body of scientific knowledge.”>? This is a
self-reinforcing system without check and balance and this is very troublesome.
This results in low credibility and hence opening up for fossil-fuel industry to
debunk it scientifically, but we also risk groupthink and ultimately erroneous deci-
sions with huge consequences. This said, it should be noted that “Even Exxon
Mobil, béte noire of the climate-change activists, has now withdrawn funding

30According to Rorty, R. (1990). Objectivity, Relativism, and Truth: Philosophical Papers, Vol. 1.
Cambridge, Cambridge University Press. p. 236.

STA highly interesting paper on this is Demeritt, D. (2001). “The Construction of Global
Warming and the Politics of Science.” Annals of the Association of American Geographers 91(2):
pp- 307-337.

52A highly interesting paper on this is Demeritt, D. (2001). “The Construction of Global
Warming and the Politics of Science.” Annals of the Association of American Geographers 91(2):
pp- 307-337.
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from the CEI’3 and appears to accept the need for controls on carbon emissions.”>*
However, whether this is due to reputational risks or new insight is unclear to me.

This is a prime reason for writing this book—I also believe that we go in the
wrong direction. Not that I reject climate change; on the contrary, change is inher-
ent in Nature and climate along with it—to believe something else would not only
be naive but also in plain contrast to geological- and historical records. The extent
of human impact, however, is another thing which is why I try to argue that it is
better to focus on what we know to have impact on sustainability instead of bet-
ting everything on a contentious issue. This said, I believe that climate research is
important because the climate is a complex adaptive system and complex systems
have bifurcation points after which dramatic and irreversible effects can take place.
We therefore need climate research not only for long-rang planning purposes but
also to be sure that we do not develop our societies on an irreversible and destruc-
tive path.

If we expand our thought a little, we can investigate the so-called logistics
equation from population biology as an example:

Xl =1 X - (1 —xp) 2.1)
where

Xp is a number between 0 and 1 and represents the population at year n. Hence, xo
represents the initial population (at year 0)

r is a positive number and represents a combined rate for reproduction and
starvation.

By creating a program where this equation is iterated® upon itself (x,,| in the
first iteration is set to x, in the second iteration and so on) hundreds of times, the
bifurcation diagram in Fig. 2.1 is produced. In general, a bifurcation diagram
shows the long-term solution of a system as a function of the variables that consti-
tute the so-called attractor,”® and in this case it represents all possible population

33Competitive Enterprise Institute (CEI) is an organization that casts doubt on the science of
climate change and campaign against greenhouse-gas reductions, see The Economist (2007).
Cleaning up: A special report on business and climate change. London, The Economist. p. 32.

54According to The Economist (2007). Cleaning up: A special report on business and climate
change. London, The Economist. p. 32.

33 An iteration is the mathematical equivalent of a feedback loop.

S6Unfortunately, there are no universally accepted definitions for attractors, but an attractor can
be defined as subset—due to a contraction—of an abstract mathematical space called phase space
that describes a dissipative dynamical system by representing all possible states of the system with
each possible state of the system corresponding to one unique point in the phase space. A dis-
sipative dynamical system is characterized by the presence of some sort of internal ‘friction’ that
tends to contract phase-space volume elements and hence induce attractors. Therefore, an attractor
can be thought of as the long-term behavior of a complex system. There are three types of attrac-
tors; (1) fixed point attractors, (2) periodic attractors and (3) strange attractors—also known as
fractal attractors, see Ilachinski, A. (1996). Land Warfare and Complexity, Part 1: Mathematical
Background and Source Book (U). Alexandria, VA, Center for Naval Analyses. p. 231.
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Fig. 2.1 Change in a population governed by the logistics equation whose growth is a strange
attractor. Source Wikipedia, the free encyclopedia

growth scenarios over time as the combined rate for reproduction and starvation is
changed. The resulting figure is a strange attractor, or fractal attractor—the fractal
itself is commonly known as the Feigenbaum fractal. The points shown in Fig. 2.1
where the lines split are so-called bifurcation point.

Before, we can discuss what bifurcation points are, we must first introduce
what Ilya Prigogine (1917-2003) called dissipative structures’ to highlight two
apparently contradictory tendencies in all living systems—points of instability
where order and structure can emerge. These emerging orders and structures arise
in living systems, as well as in social systems, because there is internal “friction”
which leads to irreversibility in the system. When a system is forced to change for
whatever reasons, it consequently cannot go back to its initial state due to friction
which results in dissipation of old structures into the breakdown or breakthrough
to new, emergent structures. Hence, a dissipative structure can be likened to an
island of order in a sea of disorder and it describes the paradoxical coexistence of
change and stability, according to Prigogine. For students of innovation, political
science, history, and so on, this should be familiar... This is common throughout
our world, which is one of the reasons I find complexity theory so interesting to
better understand our areas of study and link it toward real life. With this in mind,
bifurcation points can be explained.

S7See Prigogine, 1. and I. Stengers (1989). Order Out of Chaos, Bantam Doubleday Dell
Publishing Group. p.
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Bifurcation points are states at “...a threshold of stability at which the dissipative
structure may break down or break through to one of several new states of order’8
resulting sometimes in evolution or other times in revolution. This process of
change via self-organization and attractor bifurcation will create a heavy strain on
existing structures and hence push toward the dissipation process. Even the ampli-
fying feedback (“things go out of control”), which always has been considered
destructive, appears to be a source of new order and complexity because “stress” is
increasingly alleviated via multiple cycles of bifurcation and dissipation and a more
relaxed state occurs. Thus, dissipative structures become a source of order.

A very important point about bifurcation points is indeterminacy.
Indeterminacy is a key characteristic at the bifurcation points, according to
Prigogine,’® because at the bifurcation point several potential paths or changes
exist for the system, but which path it will take depends on past history and vari-
ous external conditions and can never be predicted for long. Furthermore, minute
fluctuations in the environment can cause great changes in the dissipative structure
at the bifurcation point. Thus, the dissipative structure can only be predicted over a
short-time span. This is, of course, another reason for the climate scientists to be a
little less sure—it is only destructive to the cause of sustainability, because there
are a number of contentious judgments, assumptions, and practices to debate and
hence open up for the commercial interests of the fossil-fuel industry or even the
climate research industry if you like.

With all these contentious issues surrounding the climate research and hence
the importance of gasses with global warming potential, including carbon dioxide,
it is clear that a cap-and-trade system is based on shaky and uncertain foundations.
On top, it is complicated further by introducing sinks and carbon equivalents
hence making it even more value-laden than it could have been. This is perhaps
one of the reasons why Larry Lohmann sees strong conceptual similarity between
the trade of derivatives in financial markets and trading carbon equivalents in the
ETS.% His arguments are compelling and in Table 2.2 T have attempted to summa-
rize some of them to show how similar it is. In Chap. 4, I have expanded on how
financial markets work so here it suffices to highlight the similarities. These simi-
larities are interesting because we all know how well the financial markets fared in
2008. Do we want to take the same risk with our environment? Obviously not, and
we cannot repeat the same mistakes all over again.

The ETS is complex and beyond this book to discuss in all facets, but some are
crucial to note. First, due to the foundations of the ETS and possibilities of offsets,
it is hard to determine whether the ETS actually promotes sustainable develop-
ment or not. In fact, Deutsche Bank claims®! that any minimal shortfall in carbon

38See Capra, F. (1996). The Web of Life. New York, Anchor Books, Doubleday. p. 347.
39See Capra, F. (1996). The Web of Life. New York, Anchor Books, Doubleday. p. 347.

%0See Lohmann, L. (2010). “Uncertainty Markets and Carbon Markets: Variations on Polanyian
Themes.” New Political Economy 15(2): pp. 225-254.

61 According to Lohmann, L. (2010). “Uncertainty Markets and Carbon Markets: Variations on
Polanyian Themes.” New Political Economy 15(2): pp. 225-254.
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Table 2.2 Similarities between derivatives in financial markets and ETS

Areas of similarity

Financial markets

Emission trading system

Basis for trade

* Derivatives mostly devoid of
reality. Packaging and repack-
aging of securities makes it
impossible to understand what
the trade is about

* Great confusion as to what the
market is trading in. It can be
viewed as a commodification
of climate benefits/’costs’

Market value

¢ Set at some initial level, but
over time achieve unrealistic
trading values compared to
real economy

* Governments decide supply
levels, set scarcity levels,
and either sell or give away
commodities to large industrial
polluters

Background for * Heavy usage of models to * Heavy usage of models to cre-
valuation create commodities and price ate commodities
them
Offsets ¢ Trading of equivalences in the | ¢ Polluters can invest in cheaper
shape of derivatives measures with equivalent effect
according to models instead of
reducing GHG emissions
Speculation * Speculation is rampant and is | * By 2008, about 80 carbon
an important factor in short- investment funds were largely
termism and herding oriented toward speculation
Traders ¢ Financial institutions ¢ The same financial institutions,

specialist financial institutions,
and energy companies

In June 2008, the nominal value of various derivatives was 683 trillion USD—many times global
economic output, see Bank of International Settlements (2008). “Statistical Annex; Table 19:
Amounts outstanding of over-the-counter (OTC) derivatives.” BIS Quarterly Review(December):
pp- A103

See Cochran, I. T. and B. Leguet (2007). Carbon Investment Funds: The Influx of Private
Capital. Paris, Caisse des dépots et consignations, Département développement durable. p. 36
See Cochran, I. T. and B. Leguet (2007). Carbon Investment Funds: The Influx of Private
Capital. Paris, Caisse des dépdts et consignations, Département développement durable. p. 36
For example in the 70s most currency exchange was for financing international purchases of
goods and services, after 2000 the figure was less than 0.1 percent, according to Hart, K. (2001).
Money in an Age of Inequality. Knutsford, Texere Publishing. p. 340

See Environmental Data Services (2004). “Editorial.” The ENDS Report(July): pp. 3

According to Lohmann, L. (2010). “Uncertainty Markets and Carbon Markets: Variations on
Polanyian Themes.” New Political Economy 15(2): pp. 225-254

permits that might appear through 2020 can be met via existing fossil-fired instal-
lations; even if circumstances change, the most that could happen would be that
some new gas-fired plant gets built ahead of new coal-fired plant.

Second, ETS gives polluting industries additional incentives for delaying struc-
tural changes not only because it gives them the alternative of buying or being
given bankable pollution permits but also because it relies on prices that cannot be
set 40 years in advance.®?

62According to Lohmann, L. (2010). “Uncertainty Markets and Carbon Markets: Variations on
Polanyian Themes.” New Political Economy 15(2): pp. 225-254.
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Third, because the carbon credits were given away for free to polluters, there
are significant opportunities for windfall profits, profits that occur unexpectedly
due to fortuitous circumstances, and because there is no price regulation as in the
SO; allowance-trading system, the cost of compliance is suspected to be passed on
to customers. Several studies confirm this, for example:

1. The level of windfall profits is significant across many countries, with the esti-
mated level in the five countries (Germany, United Kingdom, Spain, Italy, and
Poland) included in one study63 to be between 23 and 71 billion euros, in total,
during the second period of the EU ETS (2008-2012)—based on an EUA price
of 21-32 €/t CO2 and a range of pass-through assumptions.

2. The total magnitude of windfall profits is difficult to discern as the evidence
was here only shown for a few products in three sectors. However, if we would
apply the here discovered full cost-pass-through rates to all products in the
refineries and iron and steel sectors, it can be calculated that the total amount of
windfall profits would equal € 14 billion between 2005 and 2008. This implies
a substantial transfer of money from consumers to the energy intensive
industry.®*

In a market-based system, there are only two principal alternatives®: (1) cap-
and-trade and (2) taxation. With cap-and-trade system largely malfunctioning®®
concerning climate change on global scale, we are left with taxation as an option.
This view is also held by Financial Times which stated that “...carbon markets
leave much room for unverifiable manipulation. Taxes are better, partly because
they are less vulnerable to such improprieties.”®’ The issue of taxation will be
discussed in Chap. 8, but the point is to realize that the ETS is complex, value-
laden and susceptible to manipulation, rent-seeking and creating wind-fall profits
that has nothing to do with improvements. Basically, cap-and-trade system for
carbon dioxide and other GHGs simply does not work or is at least highly ques-
tionable. A better solution must be found, and later in this book some suggestions
will come.

63See Point Carbon Advisory Services (2008). EU ETS Phase II—The potential and scale of
windfall profits in the power sector: A report for WWF. Oslo, Thomson Reuters Point Carbon.
p- 29.

%According to de Bruyn, S., A. Markowska, F. de Jong and M. Bles (2010). Does the energy
intensive industry obtain windfall profits through the EU ETS? An econometric analysis for prod-
ucts from the refineries, iron and steel and chemical sectors. Delft, CE Delft. p. 73.

65According to Chan, G., R. Stavins, R. Stowe and R. Sweeney (2012). The SO? Allowance
Trading System and the Clean Air Act Amendments of 1990: Reflections on Twenty Years of
Policy Innovation. Cambridge, MA, Harvard Environmental Economics Program. p. 39.

% As of 2007 it was concluded that “the carbon market is working, but not bringing forth as much
innovation as had been hoped for” by The Economist (2007). Cleaning up: A special report on
business and climate change. London, The Economist. p. 32.

7See Financial Times (2007). Carbon markets create a muddle. London. April 27th: pp.
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2.3 Some Final Reflections

Judge a tree by its fruit
and not by its leaves.

Euripides

When all this is said, there is one final remark to make—one that is not scien-
tifically rooted or empirically proven, but one that everybody who has worked in
industry will realize. If something is to stand the scrutiny of real life, it has to be
simple, robust and in this context also provide standardized and consistent infor-
mation. The approaches chosen by ISO and IPCC are in a sense scientifically
rooted, but therein also lay their greatest weakness—they invite too much debate
and valuations and this will be their undoing in the end. Only scientists deeply
steeped in the ideology of science fails to see this.

Let me just mention that in the USA, they have spent more than 50 years just
trying to come up with a formula to divide corporate tax revenues among individ-
ual states without succeeding.®® What makes anybody believe that reaching mean-
ingful, global agreements on the environment will be any easier? In fact, I believe
that it will be far more difficult. Even if we ignore the practicalities of reaching
agreements, the fundamental problem is that these approaches pretend to be much
more reliable and objective than what they are. However, science is not value-
free—not even hardcore science such as physics.5

Two telling tales we all have heard about are instructive: the tales of Galileo
Galilei (1564—1642) and Sir Isaac Newton (1642—-1727). Those of us with an edu-
cation in engineering and natural science may believe that we know their stories
from standard textbooks we have read in physics/mechanics, but we do not—at
least I did not.

Science is a product of the curiosity born by the works of significantly people
like Nicolaus Copernicus (1473-1543), Galileo, René Descartes (1596-1650), and
not to mention Sir Isaac Newton. They presented an explanation to the many mys-
teries of those days that the Church did not seem to provide answers for. The
Jesuit Thomas Corbishley (1903—1976) notes, however, that “the Church has never
been hostile to scientific advance, and the tension between Church and Science
can be attributable to, on one hand, the way scientific discoveries were presented
to oppose the religious truths and, on the other hand, some theologians being nerv-
ous about its possible repercussions in their domain. In fact, hostility has often
originated from the side of science.”’? It is easy to dismiss this because it comes
from a Jesuit, but what did really take place?

68See The Economist (2014c). Special report: companies and the state. London, The Economist. p. 16.

For a thorough and compelling review, see Cartwright, N. (2002). How the Laws of Physics
Lie. Oxford, Clarendon Press. p. 221.

70See Corbishley, T. (1997). Christianity: The Catholic Church since the Reformation.
Encyclopedia of the World’s Religions. R. C. Zaehner. New York, Barnes & Noble Books.
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In school, we were taught that the Church was solely at fault, however, by read-
ing what really took place we get a much more nuanced picture actually more in
line with what Corbishley says. This is well documented by Paul Karl Feyerabend
(1924-1994), a philosopher of science.”! A highly interesting sourcebook is also A
History of European Thought In The Nineteenth Century, Vol. 3 written by John
Theodore Merz (1840-1922) and first published in 1903. His work forms the basis
for our understanding of philosophy on a number of subjects prior to 1900 so it is
time well spent reading (it is surprisingly readable too-perhaps because Merz was
a chemist and not a philosopher).

Recall that Galileo presented the idea that the Earth was rotating around the
Sun and that the whole universe followed inexorable laws (the heliocentric world-
view or the Copernican System of Cosmology) and not everything rotating around
the Earth (the geocentric worldview) as the Church held to be true at the time. He
had support from his observations with the telescope but he was unable to explain
how the clouds in the sky could follow the Earth if it was rotating around the Sun
in high speed to keep its orbit. Therefore, when the matter was investigated by the
Roman Inquisition in 1615, they concluded that it could be supported as only a
possibility, not an established fact.”? In retrospect, it is obvious that Galileo was
right because later more physics was discovered that allowed us to explain why the
clouds did not float away in space as the Earth rotated around the Sun. However, at
the time, with the arguments presented in 1615, it is unquestionable that the
Church had a more scientific approach than Galileo since they rejected a hypothe-
sis that could not explain all observations. Also, Galileo used an instrument that
was poorly understood at the time to support his findings.

Feyerabend suggests along the lines of other scholars that the real reason for
Galileo coming into trouble was that he violated the rules of patronage vis-a-vis
his powerful patron Pope Urban VIII. A final source for Galileo’s misfortune that
Feyerabend lists is his temper. He was easily irascible and full of contempt for
people not up to his standards. These two factors are, of course, not unimportant in
a politicized atmosphere that could easily existed in this case particularly when
Galileo defense presented in Dialogue Concerning the Two Chief World Systems
appeared to attack Pope Urban VIII and hence alienated him and the Jesuits who
had both supported Galileo up until this point.”> He was subsequently tried by the
Inquisition, found “vehemently suspect of heresy”, forced to recant, and spent the
rest of his life under house arrest. During his house arrest, however, he was urged
by people from the Church to finish his work which shows that it was not neces-
sarily what he said that was the problem but more that it lacked complete scientific
foundation at the time or maybe even the way he said it...

71See Feyerabend, P. (2011). The Tyrrany of Science. Cambridge, Polity Press. p. 153.

72See Pantin, I. (1999). “New Philosophy and Old Prejudices: Aspects of the Reception of
Copernicanism in a Divided Europe.” Studies in history and philosophy of science 30: (2):
pp. 237-262.

73See Hilliam, R. (2004). Galileo Galilei: Father of Modern Science. New York, Rosen
Publishing Group. p. 112.
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The story of Galileo is not unique, however. Before the twelfth century another
issue was at stake—was the Earth flat? There were plenty of references in the
Bible suggesting that it was flat. However, based on the evidence the Church
changed position. So, the Church has not be alien to new arguments as many
claims—is has only exercised skepticism.

However, the best example is possibly Newton’s law of gravity. Newton’s law
of gravity was presented in 1687 in his masterpiece Philosophie Naturalis
Principia Mathematica. Using geometric methods, however, gave the startling
result that the solar system would fall apart despite the fact that ancient
Babylonian records indicated that the solar system had remained stable considera-
ble time.”* Newton observed that the solar system did not fall apart, and then con-
cluded that the Almighty once in a while gave the planets a jolt to get them back
into position. Hardly, a very scientific proposition, yet, Newton is proclaimed as
one of the greatest in history of Science and rightfully so.

I do not tell these tales to belittle these great scientists—it should more serve
as a warning against making science an ideology that is infallible and perfect.
Science has its flaws and it is work in progress—always. As Bertrand Russell so
eloquently phrased it:

Although this may seem a paradox, all exact science is dominated by the idea of
approximation.

Then, does this approximation reduce the validity? In many cases, the answer is
no, like Newtonian mechanics, for which this author has formal training at univer-
sity level, but where is the borderline? Is trying to model such a hugely complex
system such as the climate of the Earth a valid approach or is it deceptive? Many
believe it is deceptive and with just cause as argued in the previous section. Just
because a model can produce nice graphs and a massive output of numbers does
not validate it. If the fundamentals are questionable—trying to model a hugely
complex system without reference cases—a layer of advanced technology on top
does not correct its fundamental shortcomings.

There are numerous examples of how people can be duped by someone saying
something the right way even though the content is outright nonsensical or inaccu-
rate to say the very least. The problem is that people mix the right way of expres-
sion as evidence of sincerity and truthfulness.”> Take for example the essay Alan
Sokal, a professor in physics at New York University, presented in the journal
Social Text where he suggested a link between quantum mechanics and postmod-
ernist philosophy of the kind popular in cultural studies. The essay, however, was a
hoax, which Sokal announced in another journal Lingua Franca. Needless to say,
the editors (and the reviewers) of Social Text appeared rather silly. Although Sokal

74See Feyerabend, P. (2011). The Tyrrany of Science. Cambridge, Polity Press. p. 153.

73See Mercer, N. (2006). Words and Minds; How we use language to think together. London,
Routledge. p. 206.
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blatantly violated the Griceian’® maxim of quality in communication, as well as
partly violated the others maxims, his actions raise interesting question concerning
the quality of researchers ability to judge truth content. In this case, the commu-
nity subscribing to Social Text was duped, but what about those cases where it is
the other way around. In fact’’:

People offering new and interesting ideas to members of a community, but doing so in
ways that do not correspond with the communicative ground rules of the communities,
may find that their ideas are ignored or rejected simply because they are not presented in
the right kind of language.

Sounds like a basis for Galileo’s misfortune.... Furthermore, Albert Einstein in

fact compared the scientific method to a game’®:

One may compare these rules [related to the scientific method] with the rules of a game
in which, while the rules are arbitrary, it is their rigidity alone which makes the game pos-
sible. However, the fixation will never be final. It will have validity only for a special field
of application.

This said, science has amassed enough knowledge today for our societies to
start the journey—what is missing is a more productive context that can unlock
human ingenuity, just like the laws of limited liability did in the past. This process
cannot start, however, by proclaiming that some scientists are right and others are
wrong. We must use science where it applies correctly for enlightenment and not
for debate which will stifle action toward sustainability. Therefore, the approaches
today are too ambitious because they require a level of scientific infallibility and
perfection that is impossible to achieve in foreseeable future. Yet, largely due to
the politics of science,” this is the path pursued.

This book tries to argue that we should rather focus on what can be realistically
managed and then institute policies accordingly. It is better to be approximately
right than exactly wrong.

76See the maxims in Grice, H. P. (1991). Studies in the Way of Words. Cambridge, MA, Harvard
University Press. p. 394.

71See Mercer, N. (2006). Words and Minds; How we use language to think together. London,
Routledge. p. 206.

78See Einstein, A. (1950). The Theory of Relativity & Other Essays. New York, MJF Books.
p.-75.

79See Demeritt, D. (2001). “The Construction of Global Warming and the Politics of Science.”
Annals of the Association of American Geographers 91(2): pp. 307-337.



Chapter 3
Risk and Uncertainty—Crucial Issues
in Finance and Innovation

Management is a practice rather than a science... and the
ultimate test of management is performance.
Peter F. Drucker

Central in the capitalist system is the management of risk. It is important for
technology development because lack of trust can be a significant barrier to the
successful commercialization of innovations that are costly, technologically
sophisticated, or potentially harmful to human health and the environment.! It is
also important for the financial industry as they try to anticipate future earnings
and the like. To properly manage risks is not just important for investors to avoid
losses, but it is important for society to continue accepting socialization of risks,
which is crucial for the legitimacy of limited liability. Thus, there is a moral
obligation to behave in trustworthy ways for those who want to invest and
innovate in addition to managing risk.

Risk management today has come a long way since its early days, but there
is still much to improve. Concerning this book, there are particularly two areas
where risk management needs to improve and that is financial risk management
(FRM) and risk management of high-impact, low-probability (HILP) events,
commonly referred to as disasters because they are both unexpected, rare and
often with disastrous consequences. Therefore, for simplicity, I refer to the risk
management of HILPs as disaster risk management (DRM).

Improving DRM practices is crucial for sustainable development because today
trust has eroded significantly away from a technology such as nuclear power,
which according to some is the only viable solution for large-scale energy produc-
tion that at the same time will reduce CO; emissions. Trust has eroded generally
as well, as discussed in Chap. 9. In fact, ecologist Patrick Moore, known as one of
the five founders of Greenpeace, has over the last years been a vocal advocate for

According to Office of Technology Assessment (1995). Innovation and Commercialization of
Emerging Technology, OTA-BP-ITC-165. Washington, DC, U.S. Congress, Office of Technology
Assessment, U.S. Government Printing Office. p. 96.
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nuclear power because “And it was obvious to me—it’s been obvious to me all
along—that wind and solar can’t really change that [the reliance on fossil fuel]
very much. But what can change it, is nuclear power, plus hydroelectricity where
it is available, and there’s still a lot of potential hydroelectric power in the world?”.
He also points out a striking fact; we use nuclear medicine produced in nuclear
reactors without any public outcry—all technology can be used for good or evil.
Clearly, we do not reject nuclear power on the basis that it is nuclear per se but
rather on the fact that there have been some very unfortunate accidents which have
scared the public. Therefore, it is vital to give technology a more correct profile as
to the understanding of risk, and this is discussed further in Sect. 7.2.

Likewise, FRM is important to improve simply to restore basic trust in the
financial world which has been severely eroded over the last decades as one finan-
cial crisis has slid into another. The erosion of trust in the financial world may
seem like completely out of the blue concerning the topic of this book, but the fact
is that sound financial management is crucial to fuel the sustainability revolution
just like it did for the Industrial Revolution as discussed in Chap. 1. This is dis-
cussed more in Chaps. 4 and 5.

First, however, a brief introduction to risk and its cousin uncertainty is neces-
sary because in the literature and among practitioners, there is considerable confu-
sion. In fact, risk and uncertainty are often used interchangeably. For example, for
auditors “risk is uncertainty.”> It may be that distinguishing between risk and
uncertainty makes little sense for auditors, but the fact is that there are many fun-
damental differences as explained next. We first discuss risk from traditional per-
spectives, and we look at the sources of risks. Then, the concept of uncertainty is
explored in Sect. 3.2.

3.1 Risk

A brave man runs no more risk than a coward.

Lord Horatio Nelson

The word “risk” derives from the early Italian word risicare, which originally
means “to dare.” In this sense, risk is a choice rather than a fate, as Peter L.
Bernstein (1919-2009) points out in his highly acclaimed book Against the Gods:
the Remarkable Story of Risk.* Other definitions also imply a choice aspect. Risk
as a general noun is defined as “exposure to the chance of injury or loss; a hazard

2See Murphy, G. (2008). “A Conversation with Patrick Moore: Why Former Greenpeace Leader
Supports Nuclear Energy.” EIR Science & Technology(16 May): pp. 58-63.

3According to Friedlob, G. T. and L. L. F. Schleifer (1999). “Fuzzy logic: application for audit
risk and uncertainty.” Managerial Auditing Journal 14(3): pp. 127-135.

4See the highly acclaimed book by Bernstein, P. L. (1996). Against the Gods: the Remarkable
Story of Risk. New York, John Wiley & Sons. p. 383.
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or dangerous chance” by Webster’s Encyclopedic Unabridged Dictionary of the
English Language.> Along the same token, in statistical decision theory® risk is
defined as “the expected value of a loss function.” Thus, various definitions of risk
imply that we expose ourselves to risk by choice, which also includes not choos-
ing or making a decision.

Risk is measured, however in terms of “consequences and likelihood”” where
likelihood is understood as a “qualitative description of probability or frequency,”
but frequency theory is dependent on probability theory.® Thus, risk is a probabil-
istic phenomenon as it is defined in most of the literature. Note that risk is not con-
sequences multiplied by likelihood. This is because multiplication implies a risk
neutral decision-maker.” This insight again emphasizes the choice/decision aspect
of risk, which must be remembered when we discuss uncertainty later on.

Note that it is important to distinguish between the concept of probability,
measures of probability, and probability theory. Unfortunately, this is rarely done
properly. Consequently, there is much dispute about the subject matter of probabil-
ity.!% From its linguistic roots, probability can best be defined as a “degree of
belief,” but it is vital to understand that it can be measured in several ways out of
which the classical probability calculus is the best known. For simplicity and gen-
erality, the definition of risk found in Webster serves the best—the “exposure to
the chance of injury or loss; a hazard or dangerous chance”—while I suggest
measuring risk in terms of “degree of impact and degree of belief.”

It is important to emphasize that “risk is not just bad things happening, but also
good things not happening”!!'—a clarification that is particularly crucial in busi-
ness context because many companies do not fail from primarily taking “wrong
actions,” but from not capitalizing on their opportunities, i.e., the loss of an oppor-
tunity. As Peter Ferdinand Drucker (1909-2005) observes, “The effective business

3See Webster (1989). Webster’s Encyclopedic Unabridged Dictionary of the English Language.

New York, Gramercy Books. p. 1854.

6See for example Hines, W. W. and D. C. Montgomery (1990). Probability and Statistics in

Engineering and Management Science. New York, John Wiley & Sons, Inc. p. 732.

This is a very common way of measuring risk found in countless literature, such as:

e Standards Australia (1999). AS/NZS 4360:1999—Risk Management. Sydney, Standards
Australia. p. 44.

e Robbins, M. and D. Smith (2001). BS PD 6668:2000—Managing Risk for Corporate
Governance. London, British Standards Institution. p. 33.

8According to Honderich, T., Ed. (1995). The Oxford Companion to Philosophy. New York,

Oxford University Press. p. 1009.

9This insight is from Hubbard, D. W. (2009). The Failure of Risk Management: Why It’s Broken

and How to Fix It. Hoboken, NJ, John Wiley & Sons, Inc. p. 281.

19According to Honderich, T., Ed. (1995). The Oxford Companion to Philosophy. New York,

Oxford University Press. p. 1009.

According to Jones, M. E. and G. Sutherland (1999). Implementing Turnbull: A Boardroom

Briefing. City of London, The Center for Business Performance, The Institute of Chartered

Accountants in England and Wales (ICAEW). p. 34.
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focuses on opportunities rather than problems.”'? Thus, risk management is ulti-
mately about being proactive to avoid losses in a wide sense.

So far, I have not said a word about uncertainty. Uncertainty comes into play
because “the source of risk is uncertainty.”!? This derives from the fact that risk is
a choice rather than a fate and occurs whenever there are one-to-many relations
between a decision and possible future outcomes. This brings us to the discussion
of uncertainty.

3.2 Uncertainty

We demand rigidly defined areas of doubt and uncertainty.

Vroomfondel
in Hitchhiker’s Guide to the Galaxy

Uncertainty as a general noun is defined by Webster’s Encyclopedic Unabridged
Dictionary of the English Language'* as “the state of being uncertain; doubt; hesi-
tancy.” Thus, there is neither loss nor gain necessarily associated with uncertainty;
it is simply the not known with certainty—not the unknown. If it was unknown, we
could not contemplate it and hence not speak of it.

Some define uncertainty as “the inability to assign probability to outcomes,”
and risk is regarded as the “ability to assign such probabilities based on differing
perceptions of the existence of orderly relationships or patterns.”!> However, such
definitions are too simplistic for a number of reasons. The important realization
comes from the fact that uncertainty and complexity are intertwined and as an
unpleasant side effect, imprecision emerges. Lotfi A. Zadeh formulated this fact in
a theorem called the Law of Incompatibility'®:

As complexity rises, precise statements lose meaning and meaningful statements lose
precision.

Since all corporations experience some degree of complexity, this theorem is
crucial to understand. With complexity we refer to the state in which the cause-
and-effect relationships are loose, for example, operating a sailboat. A mechanical

12See Drucker, P. F. (1986). Managing for Results: Economic Tasks and Risk-Taking Decisions.
New York, HarperInformation. p. 256.

13According to Peters, E. E. (1999). Complexity, Risk and Financial Markets. New York, John
Wiley & Sons. p. 222.

14See Webster (1989). Webster’s Encyclopedic Unabridged Dictionary of the English Language.
New York, Gramercy Books. p. 1854.

15See for example Gilford, W. E., H. R. Bobbitt and J. W. Slocum jr. (1979). “Message
Characteristics and Perceptions of Uncertainty by Organizational Decision Makers.” Academy of
Management Journal 22(3): pp. 458-481.

16Quoted by McNeill, D. and P. Freiberger (1993). Fuzzy Logic. New York, Simon & Schuster.
p. 320.
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clock, however, in which the relationship between the parts is precisely defined, is
complicated—not complex. From the Law of Incompatibility, we understand that
there are limits to how precise decision support both can and should be (to avoid
deception), due to the inherent uncertainty caused by complexity. In fact, increas-
ing the uncertainty in decision-support material to better reflect the frue and inher-
ent uncertainty will lower the actual risk."”

Furthermore, Nobel laureate Kenneth Joseph Arrow warns us that “[O]Jur
knowledge of the way things work, in society or in Nature, comes trailing clouds
of vagueness. Vast ills have followed a belief in certainty.”!® Basically, ignoring
complexity and/or uncertainty is risky, and accuracy may be deceptive. Thus, strik-
ing a sound balance between meaningfulness and precision is crucial, and possess-
ing a relatively clear understanding of uncertainty is needed since uncertainty and
complexity are so closely related.

Another important source for uncertainty is, of course, the future. No one can
tell the future, and it is from this interpretation of uncertainty that many believe
that the only distinction between risk and uncertainty is that risk involved loss
whereas uncertainty does not.'?

The essence of word meaning is that it constitutes a generalized reflection of
reality,2 and from this, we realize that uncertainty describes the meaningfulness
of information. To develop a more operational measure uncertainty, we can there-
fore use quality as defined by Genichi Taguchi (1924-2012). Taguchi stated?! that
quality is the loss a product causes to society after being shipped, other than losses
caused by its intrinsic functions. Furthermore, Taguchi asserted that there were
two types of losses: (1) loss caused by variability of function and (2) loss caused
by harmful side effects. Hence, good quality means that a service, product, pro-
cess, or whatever “performs its intended functions without variability and causes
little loss through harmful side effects, including the cost of using it.” From this, I
would like to offer a very general definition of quality—quality is a measure of the
consistency of something around its target as approximately measured by the
standard deviation. Similarly, uncertain becomes a measure of information quality,
and statistically speaking uncertainty can be approximated by the famous sigma
(0)—or the standard deviation.

"This is exemplified by Emblemsvag, J. (2003). Life-Cycle Costing: Using Activity-Based
Costing and Monte Carlo Methods to Manage Future Costs and Risks. Hoboken, NJ, John Wiley
& Sons. p. 320.

18See Arrow, K. J. (1992). I Know a Hawk from a Handsaw. Eminent Economists: Their Life and
Philosophies. M. Szenberg. Cambridge, Cambridge University Press: pp. 42-50.

19See for example Hubbard, D. W. (2009). The Failure of Risk Management: Why It’s Broken and
How to Fix It. Hoboken, NJ, John Wiley & Sons, Inc. p. 281.

20 According to Vygotsky, L. S. (1988). Thought and Language. Cambridge MA, The MIT Press.
p. 285.

21See Taguchi, G., S. Chowdhury and Y. Wu (2005). Taguchi’s Quality Engineering Handbook.
Hoboken, NJ, John Wiley & Sons. p. 1662.
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With this in mind, researchers?? identify two main types of uncertainty: fuzzi-
ness and ambiguity. Definitions in the literature differ slightly but are more or less
consistent with the following. Fuzziness occurs whenever definite, sharp, clear, or
crisp distinctions are not made. Other words can be vagueness, cloudiness, hazi-
ness, unclearness, indistinctness, and shapelessness. Ambiguity results from
unclear definitions of the various alternatives (outcomes). These alternatives can
either be in conflict with each other, or they can be unspecified. The former is
ambiguity resulting from discord—where we can also think of words such as dis-
sonance, incongruity, discrepancy, and conflict—whereas the latter is ambiguity
resulting from non-specificity bringing words such as variety, generality, diversity,
equivocation, and imprecision to mind. The ambiguity resulting from discord is
essentially what probability theory focus on, because “probability theory can
model only situations where there are conflicting beliefs about mutually exclusive
alternatives.”?3 In fact, neither fuzziness nor nonspecificity can be conceptualized
by probability theories that are based on the idea of “equipossibility”, because
such theories are “digital” in the sense that degrees of occurrence is not allowed—
it either occurs or not. Put differently, uncertainty is a too wide concept for proba-
bility theory, because probability theory is closely linked to equipossibility
theory.?* In fact, just as the majority of theories developed in the history of science
and the arts ignore complexity, so does probability theory. It was simply not in
their mind and a phenomenon not yet understood at that time. Therefore, in proba-
bility theory, uncertainty has no meaning, and I think this is one of the reasons
why there is a big confusion on the topic among practitioners as well as many aca-
demics which results in many fruitless debates in my opinion.

Just consider this: There is nothing uncertain about rolling a balanced dice.
You know that you will either get 1, 2, 3, 4, 5, or 6. That’s it. You even know
that because it is balanced, there is no tendency to get one number more frequent
than any other number so that the probability of obtaining 1 is 1/6, and so it is for
all six numbers. Just because you cannot tell the exact outcome—1, 2, 3, 4, 5, or
6—in advance does not mean that it is uncertain. It means that it is probabilistic.
There is not a shred of complexity at work—all options are known, and the entire
solution space is known. Nothing is uncertain in itself.

Researchers have discussed the various methods used in risk analysis and clas-
sified them as either “classical” (probability-based) or “conceptual” (fuzzy set-
based). They find that?>:

228ee Klir, G. J. and B. Yuan (1995). Fuzzy Sets and Fuzzy Logic: Theory and Applications. New
York, Prentice-Hall. p. 268.

23See Klir, G. J. (1991). “A principal of uncertainty and information invariance.” International
Journal of General Systems 17: pp. 258.

24See Honderich, T., Ed. (1995). The Oxford Companion to Philosophy. New York, Oxford
University Press. p. 1009.

25See Kangari, R. and L. S. Riggs (1989). “Construction risk assessment by linguistics.” IEEE
Transactions on Engineering Management 36(2): pp. 126—131.
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... probability models suffer from two major limitations. Some models require detailed
quantitative information, which is not normally available at the time of planning, and the
applicability of such models to real project risk analysis is limited, because agencies par-
ticipating in the project have a problem with making precise decisions. The problems are
ill-defined and vague, and they thus require subjective evaluations, which classical models
cannot handle.

To deal with both fuzziness and nonspecific ambiguity, however, Zadeh
invented fuzzy sets which is “the first new method of dealing with uncertainty
since the development of probability”*>—and the associated possibility theory.
Fuzzy sets and possibility theory handles the widest scope of uncertainty.

Similar ideas, however, seem also to have been absorbed by a type of probabil-
ity theory denoted “subjective probability theory.”?” This is explained in detail in
Sect. 3.4, and for simplicity, I use the term “classic probability theory” to separate
it from subjective probability theory. First, however, we must add another element
to the discussion on risk and uncertainty—intuitive risk judgments typically
referred to as “risk perception.”

3.3 Risk Perception

If you think predicting the future is risky, try ignoring it.

The Economist

A major development in the study of risk perception was achieved by the discov-
ery of a set of mental strategies, or heuristics, that people employ to make sense
out of an uncertain world. Although these rules are valid in many circumstances,
they can lead to significant and persistent cognitive biases which which have seri-
ous implications for risk management.?

First of all, note that the term “cognition” is widely used but defined in count-
less ways depending on which domain that uses it. Broadly speaking, it can be
defined as? “...the domain of thought and inference, marking the contrast with
perceptual experiences and other mental phenomena such as pain and itches.”
More recently, “cognition” has been perceived as “...the domain of representa-
tional states and processes studied in cognitive psychology and cognitive sci-
ences.” These are phenomena involved in thinking about the world, using
language, guiding, and controlling behavior. Here, the work of Daniel Kahneman

26According to Zadeh, L. A. (1965). “Fuzzy Sets.” Information Control 8: pp. 338-353.

2TSee for example Roos, N. (1998). An objective definition of subjective probability. 13th
European Conference on Artificial Intelligence, John Wiley & Sons.

28See Kahneman, D., P. Slovic and A. Tversky, Eds. (1982). Judgment Under Uncertainty:
Heuristics and Biases. New York, Cambridge University Press. p. 544.

29This definition is from Honderich, T., Ed. (1995). The Oxford Companion to Philosophy. New
York, Oxford University Press. p. 1009.
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and Amos Tversky (1937-1996) is paramount, and their Prospect Theory suggests,
and empirical results confirm, that people tend to make different choices under dif-
ferent conditions. When people are in a position of gain, they become increasingly
risk averse and unwilling to accept gambles because they wish to hold on to their
gains. However, when people are in a position of loss and as losses increase, they
become more risk seeking because they have not very much to lose. Unfortunately,
this asymmetrical behavior is not captured by economic and financial theories.

The prospect of loss or gain is undoubtedly important, but there are other fac-
tors at work too, such as:

1. Personality. Our innate dispositions, feelings, biases, and characteristics that
tend to manifest themselves in preferences, sensitivities, habits, and reactions
are crucial.>® This will in turn decide whether a specific situation is perceived
as a threat or an opportunity. An important part of evaluating this is a person’s
sensation seeking. This aspect of personality comprises of four elements: (1)
thrill and adventure seeking, (2) experience seeking, (3) lack of inhibition, and
(4) susceptibility of boredom. This is relevant as to managing financial risks as
we have all heard about “rouge traders.”

2. Organizational culture—with the maxim that “culture eats strategy for break-
fast” we understand that this is important. The importance of perceptions,
including risk perceptions, is even found in Edgar Schein’s authoritative
definition on organizational culture; “A culture is a pattern of shared basic
assumptions that was learned by a group as it solves its problems of external
adaption and internal integration that has worked well enough to be considered
valid and, therefore, to be taught to new members as the correct way to per-
ceive, think and feel in relation to those problems”.3! For the sake of good
order, the culture in the context of that maxim refers to the sum of national
culture and organizational culture.

3. National cultures also have big impact on risk perception and also the ability to
manage risk. This is evident from Geert Hofstede’s definition on national
culture as “...the collective programming of the mind that distinguishes the
members of one group or category of people from others.”3?

4. Gender and age also impact risk perception. On an average, women are more
risk averse than men, and more experienced managers are more risk averse

30See Fenton-O'Creevy, M. and E. Soane (2001). The subjective perception of risk. Financial
Times Mastering Risk—Volume 1: Concepts; Your Single-Source Guide to Becoming a Master of
Risk. J. Pickford. London, Prentice Hall: pp. 25-30.

31See Schein, E. H. (2004). Organizational Culture and Leadership. San Francisco, Jossey Bass.
p. 452.
32For an excellent discussion, see Hofstede, G., G. J. Hofstede and M. Minkov (2010). Culture

and Organizations: Software of the Mind: Intercultural Cooperation and Its Importance for
Survival. London, McGraw-Hill. p. 561.
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than younger ones.>? Furthermore, evidence suggests that successful managers
take more risk than unsuccessful managers.

In the context of risk perception, it is uncertainty rather than risk that is the issue.
This highlights the importance of managing uncertainty as something distinct from
managing risk—too often the two are mixed, and we fail to separate the choice
issues (risk) from the information quality issues (uncertainty). This is a particular
importance in the discussion of HILP events where uncertainty is by far a greater
problem concerning decision-making than the risks themselves. This can be exem-
plified by Table 3.1 where we see how experts rate risks compared to laypeople—
a rank of 1 represents the most risky activity or technology. We see easily how
nuclear power stands out as a significant challenge concerning risk perception.
Understanding risk perception and handling it wisely will be crucial to develop
policies and technologies that can have large impact on development.

An answer to this apparent contradiction between the fact-based, expert version
and the perception of laypeople was first proposed by Chauncey Starr (1912—
2007), who in 1969 posed the seemingly simple question “how safe is safe
enough?3* To find an answer, he developed an approach in which he separated
societal activities into two broad groups—*“voluntary activities” and “involuntary
activities.” In the case of “voluntary” activities, the individual uses his own value
system to evaluate experiences, whereas “involuntary” activities differ in that the
criteria and options are determined by a controlling body and not the individual.
His studies then led him to conclude that the public is willing to accept “volun-
tary” risks roughly a 1000 times greater than “involuntary” risks. While debating
the details of his approach and the number 1000 is no problem—Iater studies have
shown that there are more factors involved such as familiarity, control, cata-
strophic potential, equity, and level of knowledge’>—the general idea that risk
means different things to different people is important for our discussion and for
public policy. A telling tale is the Three Mile Island nuclear reactor accident in the
USA in 1979. Although nobody was killed and few if any latent cancer fatalities
are expected, no other accident in US history has produced such costly societal
impacts.’® Policies neglecting the effect of accidents and major failures are there-
fore bound to fail.

Indeed, work by Paul Slovic and his colleagues suggest that the perception of
risk can be decomposed into mainly two factors: (1) fear—how much do we dread
the outcome and (2) control—the extent to which we feel in control of events.

3See MacCrimmon, K. R. and D. A. Wehrung (1986). Taking Risks: The Management of
Uncertainty. New York, The Free Press. p. 400.

3See Starr, C. (1969). “Social Benefit versus Technological Risk.” Science 165(3899): pp.
1232-1238.

3See Slovic, P., B. Fischhoff and S. Lictenstein (1979). Facts and Fears: Understanding
Perceived Risk. Proceedings of the General Motors Symposium on Societal Risk Assessment. R.
C. Schwing and W. A. Albers. Warren, MI, Plenum Press: pp. 181-216.

36See Slovic, P. (1987). “Perception of Risk.” Science 236(4799): pp. 280-285.
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Table 3.1 Ordering of perceived risks for 30 activities and technologies calculated based on
geometric mean within each group

Activity or League of women College Active club Experts
technology voters students members

Nuclear power 1 1 8 20
Motor vehicles 2 5 3 1
Handguns 3 2 1 4
Smoking 4 3 4 2
Motorcycles 5 6 2 6
Alcoholic beverages 6 7 5 3
General (private) 7 15 11 12
aviation

Police work 8 8 7 17
Pesticides 9 4 15 8
Surgery 10 11 9

Firefighting 11 10 6 18
Large construction 12 14 13 13
Hunting 13 18 10 23
Spray cans 14 13 23 26
Mountain climbing 15 22 12 29
Bicycles 16 24 14 15
Commercial aviation |17 16 18 16
Electric power 18 19 19 9
(non-nuclear)

Swimming 19 30 17 10
Contraceptives 20 9 22 11
Skiing 21 25 16 30
X-rays 22 17 24 7
High school and 23 26 21 27
college football

Railroads 24 23 29 19
Food preservatives 25 12 28 14
Food coloring 26 20 30 21
Power mowers 27 28 25 28
Prescription 28 21 26 24
antibiotics

Home appliances 29 27 27 22
Vaccinations 30 29 29 25

Source Slovic, Fischhoff et al. (see Slovic, P., B. Fischhoff and S. Lictenstein (1979). Facts and
Fears: Understanding Perceived Risk. Proceedings of the General Motors Symposium on Societal
Risk Assessment. R. C. Schwing and W. A. Albers. Warren, MI, Plenum Press: pp. 181-216) and
used with kind permissions from Springer Science 4 Business Media New York
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Naturally, high degree of fear and a feeling of no control—such as a nuclear
accident—is the worst. For most people, the fear of loss without any measure of
control will probably win over the prospect of winning. This is important for pub-
lic policy because when the science and innovation system, see Chap. 7, is to be
configured for sustainable development policy makers must take into account the
perceptions of risk and not just clinical expert numbers such as the number of peo-
ple killed or saved—otherwise, they run the risk of facing large public opposition
when diffusing innovations.

It should also be noted that here we have a significant difference between now
and during the Industrial Revolution. Then, an acceptable balance between techno-
logical benefits and social costs was found via trial and error over time.3’” Today,
the speed of diffusion of innovations is too high for trial and error leaving us in a
state of uncertainty as to the impacts of technological risks, and hence, the percep-
tion of risks is no longer based on experience from trial and error and formal
knowledge is often wanting or not easily accessible for laypeople. This represents
a significant challenge both to the legislative process as well as the science and
innovation system as discussed later. However, one apparent way of handling pub-
lic risk perceptions better is by changing the way we analyze the risks of new tech-
nologies as discussed later in this chapter.

Before we continue, an important technical discussion concerning probability
and our understanding of it is warranted. It is important because there is consider-
able confusion about it and various interpretations of probability are inherent in
various approaches—FRM being one of the worst—so to understand the limita-
tions of these approaches, we must understand the technical issues of probability.
Those with a more relaxed attitude concerning probability can, of course, skip the
next section.

3.4 Probability, Subjective Probability, or Possibility?

Objectivity is inter-subjective agreement.

Arne Neass

For the crux of the difference between classic probability theory and possibility
theory can be understood by considering the Venn diagram in Fig. 3.1. The two
outcomes A and B in outcome space S overlap, i.e., they are not mutually exclu-
sive. The probability of A is in other words dependent on the probability of B and
vice versa. This situation is denoted non-specific ambiguity.

In classic probability theory, we look at A in relation to S and correct for over-
laps so that the sum of all outcomes will be 100 percent (all exhaustible). In theory,

37According to Starr, C. (1969). “Social Benefit versus Technological Risk.” Science 165(3899):
pp- 1232-1238.
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Fig. 3.1 Two non-mutually
exclusive outcomes in
outcome space S

this is straightforward, but in practice, calculating the probability of A N B is
problematic in cases where A and B are interdependent and the underlying cause-
and-effect relations are complex. Thus, in such cases, we find that the larger the
probability of A N B, the larger may the mistake of using classic probability theory
become.

In possibility theory, however, we simply look at the outcomes in relation to
each other, and consequently, S becomes irrelevant and overlaps do not matter.
The possibility of A will simply be A to A + B in Fig. 3.1. Clearly, possibility the-
ory is intuitive and easy, but we pay a price—loss of precision (an outcome in
comparison with outcome space) both in definition (as discussed here) and in its
further calculus operations (not discussed here). This loss of precision is, however,
more true to high levels of complexity. Also, it is important that risk management
approaches do not appear more reliable than they are because then decision-mak-
ers can be lead to accept decisions they normally would reject, a problem
Bernstein highlighted and the 2008 Financial Crisis illustrated.>®

This discussion clearly illustrates that “[classic] probabilistic approaches are
based on counting whereas possibilistic logic is based on relative comparison.”?
The estimate itself concerning relative comparison is established mathematically
by relative (pair-wise) comparison, and Analytical Hierarchy Process (AHP) is a
supreme tool that results in internal consistency not possible to achieve in any
other way.*0 There are also other differences between classic probability theory
and possibility theory, which is beyond the scope of this book.

It should be noted that several places in the literature the word “probability” is
used in cases that are clearly “possibilistic.” This is probably more due to the fact
that “probability” is a common word—which has double meaning*!—one reflect-

3See Bernstein, P. L. (1996). Against the Gods: the Remarkable Story of Risk. New York, John
Wiley & Sons. p. 383.

See Dubois, D., J. Lang and H. Prade (1994). Possibilistic logic. Handbook of Logic in
Artificial Intelligence and Logic Programming: Volume 3: Nonmonotonic Reasoning and
Uncertain Reasoning D. M. Gabbay, H. C. J. and J. A. Robinson. Oxford, Oxford University
Press: pp. 439-513.

40See Emblemsvig, J. and L. E. Kjglstad (2006). “Qualitative risk analysis—some problems and
remedies.” Management Decision 44(3): pp. 395-408.

41See Bernstein, P. L. (1996). Against the Gods: the Remarkable Story of Risk. New York, John
Wiley & Sons. p. 383.
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ing an actual usage of classic probability theory and calculus, and one reflecting
the sloppy daily usage of the word.

Subjective probability theory is somewhere in between classic probability the-
ory and possibility theory in that it relaxes the “all exhaustive” condition of classic
probability but maintains counting. However, in this book, we need not distinguish
between possibility theory and subjective probability theory because the main dif-
ference between those theories lies in the exact mathematical calculus, but the dif-
ference in calculus is of no interest because at the end of the day, we can use the
powerful Monte Carlo methods in which these distinctions disappear since it is a
numerical mathematical approach.

In modern decision theory,*? subjective probability is regarded as 