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		FOREWORD

Dear readers,
The first edition of this book was published in 2013 to mark the 150 th anniversary of
Industriepark Höchst, the Höchst industrial park. Back then, the editors intended to fuel the discourse about the future of chemistry from different perspectives: first, the future of chemistry as
a scientific discipline, second, the future of the chemical industry as part of the economy and third,
the industry’s future as part of society.
The response to the book was very positive, both within the chemical industry and
beyond. A lot of readers shared our view that the chemical industry needs to reflect on its role and
on its future in times of fundamental change.
Since then, the need for the chemical industry to position itself in society and to highlight the common ground it shares with civil society has continued to increase. In times of increasing distance between citizens and established institutions, and between citizens and science, as well
as the “flexible interpretation of facts” by political players, there is a widespread feeling among
people that they no longer understand or trust in societal decision-making processes and in economic business models. To gain people’s trust, the dialogue between industry and society must be
a continuous, multi-directional and frank dialogue based on facts but permitting different conclusions to be drawn on the basis of these facts.
To fuel the discourse about the future of chemistry, the editors of this book selected
10 major social challenges in 2013. Thought-provoking contributions by international authors from
science, business and other areas of society analyze the role of chemistry with regard to these
challenges and thus portray different perspectives on the future. Readers are encouraged to take a
critical look at the role of chemistry with regard to these challenges, to question their own perspectives on the role and future of chemistry and to engage in the discussion process on the future
of chemistry.
The chemical industry is an important economic player, as chemical companies create
jobs and ensure growth and prosperity. Chemistry and the chemical industry must not be limited
to maximizing profits, however. Chemical companies are seen as social actors and drivers of innovation. Based on chemical products and insights, other industrial sectors can create new products
and processes that have a substantial positive influence on our lives and those of future generations. In this position, however, chemistry and the chemical industry are also a part of society and
must not only address societal challenges in a passive role, but must play an active role in finding
solutions to those challenges.
We are now publishing an English print version of the book that was first published in
German, and also as an English e-book, in 2013. This is a consequence of the very high interest we
perceived on the part of our international partners in the discourse the book sparked on the role
and future of the chemical industry in tackling these “grand challenges” that society faces.
Looking at the individual chapters and topics in the book, it is evident that most of
them have not lost their relevance, but rather have become more pertinent with the passage of
time. In light of increased digitization, the topics of precision farming and the redefinition of business models for chemical companies are gaining in importance. The concept of the circular economy has increased in popularity as well in recent years. It profoundly questions the way we think
about business activities. What does it mean to producers of chemicals if product lifecycles are no
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longer thought of in linear form, but instead as cycles that involve various participants and multiple
usage? How should we rethink product design and product updates? We argue that against this
background, the chemical industry needs to open up further and engage in cross-industry cooperation.
Chemistry as a driver of growth and prosperity was just as much of a central player in
business and society five years ago as it is today. The academic discipline of management is becoming firmly established in the chemical industry. Media such as the Journal of Business Chemistry:
The Academic Journal for Management Issues in the Chemical Industry, which has now been published for the past 15 years, are attracting more and more readers. The need for dialogue between
chemistry and society is now considered to be even more important than it was five years ago.
This is evident from the fact that “Chemistry and Society” is a focus topic of the German Chemical
Society.
The discourse between chemistry and society requires continuous effort. In times of
“fake news” and increasing social disintegration, this discourse is more important than ever and
deserves major attention in the domestic and international arena.
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There can be no doubt about it: The discussion about the future of the chemical industry is nothing new. In many companies, research institutes and associations, clever minds are reflecting on
the future of chemistry and the chemical industry. So why do we need another book on this subject? Because we want to take a different perspective in this publication.
This book is not intended to supplement the extensive variety of beneficial and necessary forecasts and studies on the future of chemistry and the chemical industry with yet another
statistical study. Instead, this book aims to redefine the relationship between chemistry and society, the vital dialogue between a key industry and the stakeholder groups interacting with it. The
aim is to shed light on the often underestimated role of the chemical industry and its key players
(companies, associations, scientific institutions) in society as a whole.
Chemistry can be envisioned as a driver of innovation, a problem solver, an economic
player, and furthermore as an enabler of a sustainable society. This leading role the industry plays
in the social system of Germany, Europe and the world implies that the chemical industry continues
to maintain its focus on major developments beyond its daily activities in corporations, small and
medium-sized companies or research institutions. The chemical industry and its stakeholders are
obliged to play a constructive role in solving social problems and therefore must also take responsibility for other sectors beyond its own industry.
The aim of this book is to illustrate the close relationship between chemistry and society and to enrich it with a new discourse. Its objective is to initiate discussions on topics in which
chemistry can contribute to global challenges. Through the various perspectives on 10 different
challenges relevant to society and the chemical industry, this book is intended to assist the industry in addressing this social discourse.
This book, in which 34 different authors from companies, universities, research societies and NGOs have their say, covers a wide range of topics, from basic research on the development of medicines and therapies to the conservation of natural resources, the nutrition of the
world's population and the energy supply of the future, as well as drinking water quality and the
question of how products can be designed to be sustainable in the future. Two different perspectives are juxtaposed for each topic, so that this book invites the reader to critically question arguments and perspectives. This exercise may also challenge the reader’s individual world view. The
synthesis formulated in each chapter following the two initial perspectives is intended to help readers reconsider and balance the arguments previously outlined.
No other industry can contribute as much to solving societal challenges as chemistry.
Chemistry already offers solutions today for handling the limited resources of our planet efficiently
and for ensuring life is fairer and healthier with the help of advanced methods and products. However, in order to be able to ultimately implement these solutions, the industry is also dependent on
societal support. It is therefore important that chemistry contributes to intensifying its dialogue
with society. The industry must (further) develop its products consistently and in close cooperation with society in order to fulfill people's needs and to deliver real benefits. This is not only in the
interest of the industry and its employees, but also in the interest of other industries and of
humanity as a whole. A sustainable society requires the innovative power of chemistry. Conversely,
however, the future of chemistry is inconceivable without ongoing dialogue with society. This interplay touches upon the fundamentals of our economy and society.
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In light of its more than 150-year history, Höchst industrial park also highlights the
importance of a functioning and open dialogue with its social environment. Today, the site is an
example of best practice for responsible interaction between an industrial company in the center
of a large city and its immediate surroundings.
Social responsibility has always played a prominent role in the history of the industrial
park and will continue to do so in the future, exemplified by social programs such as the company
pension scheme for factory workers in the industrial park.
With regard to the companies in the industrial park, it has always been and still is
important to them to be good employers and to take responsibility for their employees from more
than just a social point of view. At the same time, it is also important to them to maintain a trusting
relationship with the surrounding partners in the region, whether with the city of Frankfurt, its
immediate neighbors or the other companies in the region. In this dialogue, the industrial park
does not intend to protect itself from the criticism and controversy to which the chemical industry
and its complex processes are constantly exposed. Instead, this interaction is focused on building
trust through responsible and sustainable action. This includes being open and honest with the
neighborhood, responding to critical questions, transparent communication and action and last,
but not least, reliable and predictable behavior. An industrial park will always be separated from the
outside world by fences and walls. However, both symbolically and in reality, these should not be
impenetrable to its environment. What happens inside these walls has a direct impact on people’s
everyday lives outside and must therefore be conveyed again and again and made accessible to the
general public. The complexity of the chemical industry must be translated in such a way that a
broad public can develop an understanding of the role of the industry in the economy and society.
This is the only way the chemical industry can be perceived as a responsible player in the long term
as it has been for decades. As the operator of the industrial park, we have always sought suitable
platforms to host meetings, ensure transparency and to disseminate and exchange information.
Economic success and sustainability are not mutually exclusive, but in fact go hand in
hand. Sustainable development is not only a commitment to future generations, but also an opportunity for a long-term successful business strategy that combines economic success with social
responsibility and environmental protection. A possible future scenario highlights this: In 2050,
nine billion people will live on earth. They will all need individual perspectives for their personal
well-being, they will all want to achieve a better quality of life, and all of this on a healthy, thriving
planet. This implies increased demand for medical care, raw materials and energy. The chemical
industry will play an important role in handling this challenge. The goal of the chemical industry to
remain a key industry in 2050 is not only based on the mere desire to maximize profits. This ambition is also based on the assumption that the chemical industry is a central innovation driver for
ensuring sustainable development. Intelligent raw material strategies as well as environmentally
friendly products and processes are the key to sustainable development, and the chemical industry
is the guarantor of this. The economic success of the chemical industry is thus the result of the
industry’s focus on finding solutions for societal challenges.
Societal development processes are extremely exciting, multi-layered and non-linear.
The role of chemistry in this societal development process is not clearly defined, but will depend
on a variety of factors. In order to shape the societal development process, the chemical industry
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needs to engage in constructive, critical discourse with society and all relevant players on the most
promising solutions for the “grand challenges” outlined in this book. The texts in this book offer a
variety of perspectives on the future of chemistry and the chemical industry in tackling the societal
challenges it outlines.
Through active and open dialogue between politics, business and society and using
the different positions outlined by the authors, we aim to intensify readers’ awareness of the chemical industry’s role as an enabler of sustainable development processes. The chemical industry is
helping to master the major challenges of our time - from digitization and demographic change to
questions of medical care and nutrition, so that tomorrow's world will be just as worth living in as
today's.
Let’s talk about it.
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When the Frankfurt Höchst industrial park was established more than 150 years ago, findings in
chemistry and their application in innovative products formed the basis of economic success. Nowadays, a wide range of scientific publications explore the latest findings in chemistry as a scientific
discipline and propose future developments. The editors of this book do not intend to add another
publication to this field. Rather, we believe that it is fruitful to reflect on the future of chemistry in
a threefold way. This is why we differentiate between three perspectives: first, the future of chemistry and its related scientific disciplines, second, the future of the chemical industry as part of the
economy, and third, the future of the chemical industry as part of society as a whole.
We believe that the chemical industry must actively engage in a discourse with society
as a whole about the future of chemistry. This discourse, which involves exploring what tomorrow
holds for chemistry and the chemical industry, is the essence of this book. In this context, we do
not intend to “predict the future” with one specific scenario or all-encompassing forecast in mind.
As “the future” is unknown and multifaceted, we see the discourse on the future of chemistry as
an open-ended one involving a broad variety of stakeholders and perspectives.
For this reason, we have invited various thinkers to discuss and explore the role of
chemistry and the chemical industry with regard to the 10 “grand challenges” global society faces
today and will also face in the future.
The opinions presented in this book vary considerably. Whenever possible, we have
juxtaposed them. The authors provide various perspectives on the future of chemistry and the
chemical industry from their own points of view and thus make the diversity and complexity of the
discourse on the future of chemistry and the chemical industry visible.
In this book, the future of chemistry and the chemical industry covers three different
perspectives.

1st perspective: chemistry and its related scientific disciplines
In general, the chemical industry has significantly improved people’s daily lives in many areas by
applying the results of basic research in chemistry to practical problems (e.g. better diets, drugs
and therapies to treat previously incurable diseases, and innovative materials). The list can be continued indefinitely. However, observers such as Whitesides and Chandler consider that chemical
and engineering science have ceased to develop major new products and innovations. Today, innovations are more likely to come from related fields such as biotechnology or from partnerships
with other disciplines and developments such as digitization.(1) This trend gives rise to questions
about how the chemical industry views the evolution of its underlying scientific base and how
extensively interdisciplinary research concepts will be pursued in the future.
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2nd perspective: the chemical industry as part of the economy
The chemical industry is one of the world’s major industrial sectors. It can be described as an
enabler industry whose innovations create benefits for its customers along the value chain, but the
industry itself usually remains out of the spotlight.
The capacity to collaborate has been part of the industry’s formula for success from
the very beginning. As a result, the chemical industry must combine technological excellence with
the ability to cooperate with customers and partners along the value chain to develop new products and innovations in order to integrate its products and processes into customers’ and partners’
products and processes. In general, the chemical industry has been in constant flux since the very
beginning: New products and processes have consistently been developed and have altered the status quo, production and development activities have been established all around the world, and
company boundaries have been redefined several times. Certainly, this evolution will continue undiminished. However, digitization, requirements for sustainability and the concept of the circular
economy have significantly changed the landscape for chemical companies. In this context, certain
questions must be asked:
How will the transformation process of the chemical industry look in the future?
Which skills will be necessary to carry out this process?
F inally, who will drive the transformation – the established chemical companies with a
long tradition, or others, possibly companies from the IT sector?

3rd perspective: the chemical industry as part of society as a
whole
The chemical industry must also conduct a discourse with society as a whole and reflect on its role
in “societal progress” on a regular basis. In particular, this is important due to the industry’s high
demand for energy and raw materials and because of the substantial and significant impact its
research, development and production activities have on the environment and on mankind. In this
context, the following three questions are of major importance:
What value does the chemical industry generate from society's point of view?
What are society's interests and expectations with regard to the chemical industry?
 ow do these interests and expectations vary with respect to a country's standard of
H
living or cultural and religious circumstances?
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Based on these questions, we developed the structure of the book. To encourage the
discourse regarding the future of chemistry, we intend to illustrate different subjective opinions.
The authors depict potential future scenarios for the three different perspectives described above.

Depicting the future: visions of the world of tomorrow
At the beginning of the 21st century, the chemical and pharmaceutical industries are discussing
future developments intensively.(2)
Companies frequently formulate their strategies with regard to megatrends. These
megatrends indicate growth areas and how and to what extent a product can deliver value and
contribute scientific, social and economic benefits to society. This is especially important for an
industry with more than 30,000 products that are often highly specialized and rarely visible to the
end customer. Consequently, companies attempt to identify promising growth areas and allocate
their resources to these at an early stage. At the same time, responding to megatrends sends the
signal to shareholders that the management of the company has proactively identified these developments and has thus fulfilled its leadership role – a potential way to secure support for executive
board decisions. In addition, trade associations can support their member companies in identifying
megatrends and thus pinpointing particular areas that require more action on the part of the private sector, political leaders and society as a whole. In this manner, trade associations can help
shape public opinion and influence the allocation of resources.(3)
Since we cannot predict the future, we do not intend to provide a prognosis regarding
how we imagine the world in the future, or how it should appear from our point of view. Thus, we
will not offer “one view of how things will be” in the future, but rather we will include and explore
various alternative scenarios and delineate different options for dealing with each one.(4) In a pluralistic society, everyone has his or her own vision of the future. Therefore, to illuminate the future of
the chemical industry, we have taken a multidimensional view that encompasses scientific, corporate, social and ethical aspects and hence we include the viewpoints of a wide range of key players.
In general, our understanding of drivers of past developments is good, because an
accepted interpretive paradigm has been developed over the years to explain history. For instance,
business historian Alfred Chandler attributed the successes and failures of American and European
companies in the chemical and pharmaceutical industries during the 20 th century to various factors. Chandler identified these success factors as the ability of companies (a) to transform the
findings of fundamental research into innovative, marketable products, (b) to develop the production and marketing skills necessary for success and (c) to erect market-entry barriers to keep out
competitors.
In particular, successful chemical and pharmaceutical companies were able to organize
learning processes across products and their potential application fields. They were also able to
exploit economies of scale and scope in production, development and marketing.(5)
In contrast, it is much more difficult to identify contemporary drivers of change and
long-term success. New developments are often highly diverse and very contradictory. They do not
offer explicit and unambiguous insights into the primary forces that will shape the industry of
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tomorrow. Drivers that are currently being discussed, such as the circular economy and digitalization, will influence the future success of many chemical and pharmaceutical companies – but the
intensity and the timing of these changes may vary according to industry segment and even at
company level.

Societal challenges as focal points
Since we asked various authors to represent a specific point of view in the discourse on the future
of chemistry, it was important to us to consider how to define the topics that will be addressed in
the book. Through the definition and selection of topics, we have set an agenda, which – of course
– is a subjective one. The way a topic is defined may influence the authors’ conclusions with regard
to how much or how little action is seen as necessary in the future, or what kind of solution is proposed for a respective topic.
In drawing up the thematic fields of the book, we strove to select topics that met four
criteria. First, they needed to represent areas of daily life where the chemical and/or pharmaceutical industries are making a contribution or could make one. Second, they needed to be relevant to
society, though this relevance may vary according to the individual region. Third, the selected topics needed to serve as clear examples of social and ethical challenges. And, finally, these challenges
needed to be well known to the industry and accessible to a general audience.
With these criteria in mind, we drew on the list of “grand challenges” developed by
the Royal Society of Chemistry.(6) These 10 priority areas are specific enough for chemistry as a
scientific discipline, while also being relevant to society as a whole. They cover the following fields,
among others:
t he “natural environment” (including the topics of conserving limited natural
resources, agricultural productivity and biomass conversion ),
“health” (medications and treatments, diagnostics, drinking water quality),
“ energy” (solar and nuclear energy, as well as energy conversion and storage) and
product design, use and recycling in industrial societies.
These 10 priority areas may provide an insight into potential developments in the future, while
taking into account the triple bottom line consisting of people, profit, and planet at the same time.
These priority areas served as a basis for developing a research agenda for chemistry and the
chemical industry in the UK in 2009. At the same time, they can be linked to the sustainable development goals set out by the United Nations that are influencing the political agenda around the
world.
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By relating the discourse regarding the future of chemistry to societal challenges, we
hope to create a common reference point for a lively, multi-faceted and constructive exchange
between chemistry and society.
May reading about the different perspectives on the future of chemistry be a stimulating and enriching journey for all readers!
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DRUGS A ND THER A PIES

In order for pharmaceutical research and supplies – along
with the entire health-care system – to provide patients with
more effective and efficient therapies, basic research efforts
must be bolstered. At the same time, it is essential to keep
health care affordable for all.
How much responsibility should chemical and pharmaceutical companies bear toward countries with inadequate
or nonexistent health-care systems? Should these companies
ensure a basic level of health care for the populations of such
countries? How realistic would it be to expect the industry as
a whole to fulfill such an ethical obligation? What role can
(and must) public policy play here? Another question is: What
are the impacts of synthetic chemistry on human health?
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Global politics and economics are changing and evolving, and the
emerging political and commercial determinants of health must be
analyzed alongside environments and behaviors to develop new
approaches to health governance.
A different positioning of health is emerging within government and society, and the challenges for ministries of health have grown
and changed considerably. The political and economic environment, the
new dynamics of health and a different constellation of determinants of
health call for new responses, and a number of key driving forces need to
be taken into account as new approaches to governance for health are
developed. These include globalization, the power of markets and business – in particular, transnational companies and their marketing, the
strong voice of civil society, major ideological differences regarding the
role of the state, the increase of inequalities, and financial pressures. The
impact of these forces on health is both direct and indirect, both positive
and negative, and the debate on the social determinants of health turned
a spotlight on inequalities in health, both within and between countries.
This was a significant breakthrough in the health discourse and allowed
for a better understanding of the social stratification of the environmental and behavioral determinants of health. Yet if we want to address the
“causes of the causes” and the distribution of power and resources – as
the report of the Commission on the Social Determinants of Health has
proposed – then we must find better ways to explicitly address and systematically analyze the political and commercial determinants of health.

Political importance of health
Health – as in healthy populations and the health-care sector – is on
today's political agenda because it has become politically and economically relevant in new ways. In the United States, it is symbolic of the ideological divide in the country, and has major implications for the quality of
life of the most disadvantaged groups in the population, as well as for the
millions of uninsured people.
In countries within Europe, the equitable provision of health
services is a critical factor in opposition to austerity measures. In emerging economies, providing access to primary health-care services is a key
factor in ensuring social stability, regime loyalty or votes. Health policy as
a sectoral challenge has long been subject to much analysis regarding
goals, implementation and results. Health-care costs are, at present, the
priority policy issue and, in general, the pressure has mounted to simultaneously achieve a “Triple Aim”: better health, better health care and
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lower health-care costs. Yet while many sensible, evidence-based policy
solutions have been developed, they frequently do not survive the political decision-making process, and often result in “non-decisions.” One key
defining factor of the politics of health is increased interest and more
actors in the health arena – particularly as the health sector addresses
determinants through “Health in All Policies” (HiAP) approaches. For
example, tobacco regulation is no longer an issue between government
and tobacco companies, but includes many civil-society groups on both
sides of the spectrum. Public-health supporters need to pay attention to
the politics of health and how it has changed in the context of the driving
forces mentioned above.

“Health is a major dimension
of demographic change,
and additional healthy life years
have become a key factor of
competitiveness.”
Ensuring effective spending
The increased commercial relevance of health has also changed politicians' perspectives: In many European countries, health now constitutes
between 10 percent and 15 percent of gross national product. Within the
Organisation for Economic Co-operation and Development (OECD),
there is a consensus that health-care spending needs to be more effective; otherwise it will undermine public finances. The level of population
health will greatly influence retirement policies and affordability of care.
Health is a major dimension of the demographic change that
most countries are experiencing, and additional healthy life years have
become a key factor of competitiveness. Health is no longer just a sector
of social policy – it is a major business sector that encompasses both
emerging and traditional areas in the rapidly growing global market. lt is
also a major employer, in some countries responsible for between 10
percent and 15 percent of the workforce. lncreasingly, therefore, health is
also seen as a dimension of foreign policy, as well as part of security pol-
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icy and commercial diplomacy. The business of health is part of the economic rivalry between countries, and affects agreements over the import
and export of goods, services and brainpower. Witness the negotiations
over trade rules and patents in relation to medicines between, for example, lndia, the EU and the United States. In Europe, health is subject to
the significant impact of European integration processes which favor the
unrestricted flow of goods and services – despite the EU commitment to
HiAP. Public-health priorities recurrently suffer in such an economic environment, as their positive economic impact tends to be long term and
frequently requires interventions that restrict or tax health-damaging
products, or call for countercyclical investments – often in sectors other
than health.

Exploring new approaches
Negotiating for health in the face of other interests is one of the most
critical challenges in addressing both the political and commercial determinants of health. The initial exclusive focus was on the health outcome,
but today the focus needs to be on co-benefits of a broader nature. This
implies that different approaches to governance must be explored and
applied, which take all determinants fully into account and move forward
in a strategic manner. In a recent study on governance for health, five
such approaches were identified and described in more detail: governing
through collaboration, through citizen engagement, through a mix of
regulation and persuasion, through independent agencies and expert
bodies, and through adaptive policies, resilient structures and foresight.
Over the past decades, the health sector has gained experiences in outreach approaches, such as through intersectoral action, healthy public
policy and HiAP. While regulation remains a key tool of 21st-century governance for health, it is complemented by many other approaches. Often
it is based on non-health rationales in the “policy space” of other sectors.
For example, a proposal to restrict alcohol in football stadiums in Switzerland is based on the increasing cost of policing inebriated fans – not
on the health costs. In times of a fiscal squeeze, countries are also exploring new sources of income through fiscal measures, such as the “fat tax”
in Denmark and Hungary. Whole-of-government and whole-of- society
approaches require an investment in platforms, coordination bodies and
mechanisms for joint dialogue. One example is Sweden's policy on alcohol, narcotics, doping and tobacco, which brings together 12 agencies
supported by a 20-member council, where the leadership and secretariat
lie with the Ministry of Health. Mechanisms are increasingly being
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explored that bring stakeholders together – for example, platforms on
diet and physical activity of the constituency model of HIV/AIDS.

Advancing the health agenda
Only through the involvement of many stakeholders throughout society
can complex issues such as social inclusion strategies for disadvantaged
groups, active aging strategies or HIV/AIDS strategies be taken forward.
Strong support from civil society is often required to move the health
agenda forward, and nongovernmental organizations (NGOs) can also be
critical watchdogs of implementation. As health becomes increasingly
political and commercial, democratically elected bodies and representatives become more important. Because health is at the intersection of
values and ideology, it is essential that parliamentarians – who make many
of the laws in relation to health – are fully aware of the consequences of
their decisions and non-decisions. Their health literacy and independence
are vital in achieving better global health.
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The innovation
gap in pharma
ceutical research
and development
DR. TORSTEN A R NDT A ND PROF. GERD GEISSLINGER

Dr. Torsten Arndt is the
Administrative Director of
the project group on Translational Medicine and Pharmacology at the Fraunhofer
Institute for Molecular
Biology and Applied Ecology.
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The pharmaceutical industry is one of the leading growth markets of
the future. In light of global population growth and demographic
change in the world's industrial countries, demand is rising for innovative, but affordable medications. For this reason, the pharmaceutical industry is facing tremendous challenges. Nonetheless, the number of authorizations of new drugs has continuously fallen over the
past 15 years, even though research and development expenditures
for the development of new medications have grown exponentially
and scientific knowledge has continued to expand.

“If the productivity of R&D
activities in biomedicine does
not significantly increase, the
business model currently
employed by the pharmaceutical
industry will no longer be
viable.”
lf the productivity of R&D activities in biomedicine does not
significantly increase, the business model currently employed by the pharmaceutical industry will no longer be viable. The reason for this is clear:
As R&D costs mount, the number of new innovative active ingredients is
falling. And the biopharmaceutical industry is the sector with the highest
level of R&D spending worldwide.
Even though the past 60 years have been a witness to many
groundbreaking scientific discoveries – including those that have led to an
understanding of the structure of genetic material, the identification of
restriction enzymes, the cloning of mammals (Dolly, the cloned sheep)
and the complete sequencing of the human genome – fewer and fewer
innovative medications are reaching the marketable stage.
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The causes of the innovation gap
The reasons for this decline in productivity are many. Some are related to
increased competitive pressure. Furthermore, the easy R&D results have
already been achieved, and there is no more “low hanging fruit” waiting
to be picked. lt is true that the progress being made in fundamental
research is clearing the way for a growing number of new, innovative
opportunities. But these advances will also increase complexity, which –
particularly among highly innovative therapeutic approaches – will be
reflected in a dramatic rise in failure rates during various phases of development.
The development time between patent and marketing has
now risen to between eight years and 13 years. This shrinks the period
covered by patent protection and thus the period in which a product can
be exclusively marketed. For this reason, original medications are increasingly facing earlier competition from generic drugs. At the same time, the
industry will suffer steep drops in sales as patents expire. In the United
States alone, 110 products lost their patent protection between 2012 and
2014, including 14 blockbusters (active ingredients with more than $1
billion in annual sales). Current estimates show that only $0.26 in new
sales is being generated to replace every $1 in sales lost to patent expiration. Only two of 10 newly approved active ingredients are in
a position to refinance the average R&D costs through the
sales they generate. As a result of the trend toward increasingly personalized medicine, in which particular sets of
to $3 billion: This is the estipatient subgroups are systematically treated, the probability
mated size of the total costs
associated with developing a
of developing a blockbuster will fall because the sales pronew active ingredient.
duced by a medication will inevitably decrease. With the
exception of the indications for anemia, cancer and rheumatoid arthritis, blockbusters have been exclusively developed
for the major disease categories in primary care, including lipid disorders,
hypertension and diabetes.
The costs associated with the development of a new active
ingredient now total $1.3 billion to $3 billion, depending on the estimate
used. One reason for these rising costs is the growing number of regulatory requirements imposed by medication-approval agencies like the U.S.
Food and Drug Administration or its European equivalent, the European
Medicines Agency. Another factor is the rising costs incurred to produce
high-impact clinical studies. The industry is also coming under increasing
public and legal cost pressure generated by consumers and national
health-care systems.

$1.3
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Overcoming the innovation logjam
In the past, the pharmaceutical industry has tried to get around the innovation bottleneck by applying a number of different strategies. These
strategies have included mergers with other companies, the acquisition of
smaller companies and the reorganization of internal research and development processes. Today, the pharmaceutical industry is increasingly
turning to vertical disintegration to meet its innovation needs. This
includes both the outsourcing of research and development activities as
well as collaborative efforts involving open innovation. This new business
model is designed to help assess the potential and risks of new medications at an early stage. It requires effective networking of subsystems in
the innovation process, particularly a close working relationship between
institutions of higher learning and non-university research organizations.
As a result of these partnerships, privately held companies gain access to
new knowledge, intellectual property, new methods and young, talented
people. It has also been shown that developments produced by university
research have a higher degree of innovation, a fact that leads to an
increased medical payoff.
Even though development of medications was not one of the
original jobs performed by universities, fundamental research being conducted by institutions of higher learning is playing a major role in work to
explore new pharmaceutical effects and develop a far-reaching understanding about how to use new medications to fight illnesses that are
incurable or are being ineffectively treated. The aim is to transfer the
basic findings of fundamental research to the development of new or
improved methods to prevent, diagnose and treat life-threatening illnesses (bench-to-bedside). In addition, the transfer of information from
the business world to fundamental research must be carried out in a
productive manner: Innovations arise from hypotheses gained from clinical observation as well as from their subsequent validation in the laboratory (bedside-to-bench).

New, effective collaboration models
Over the last 10 years, the United States and universities located there
have assumed a special position in pharmaceutical research. By contrast,
German universities have had little to contribute to the discovery of innovative medications. Germany is still unable to transfer relevant research
results produced by institutions of higher learning to clinical applications.
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New, more effective collaboration models are needed in order to allow
the findings produced by the excellent fundamental research conducted
in Germany to be applied to the development of innovative medications.
The key set of qualifications for future top leaders in pharmaceutical research encompasses scientific creativity, a willingness to
accept scientific and medical knowledge discovered by chance and the
ability to solve problems. In these terms, Germany needs new, practical
concepts and structures for such areas as the education of specialists or
professional development. One particular focus must be placed on facilitating interdisciplinary training of highly qualified young scientists in the
area of translational pharmaceutical research. Researchers working at the
interface between “fundamental research” and “clinical medicine” will
assume a key position in translational medicine. The career path of physician scientist can be an important link that will enable ground-breaking
strides to be made in patient-focused research.

Effective portfolio management
In biomedical research and development, effective portfolio management
is a critical success factor. Sixty-three percent of research and development costs for new active ingredients are incurred during the clinical
development stage (phases I to III). More than half of these costs are
produced during the period between phase II and approval alone. Given
these considerations, the number of failures in late clinical phases must
be lowered and the productivity of medication development increased.
This will require internal mechanisms capable of spotting side effects or,
possibly, the ineffectiveness of an active ingredient at an early stage and
of deciding whether further investments should be made in the development of the active ingredient or not.
One solution is to develop clinical-pharmacological models
with a high predictive character that will enable conclusions to be drawn
about the effectiveness and safety of medications at the earliest possible
stage. The aim will be to identify undesirable developments and mechanisms of side effects before the cost-intensive clinical phases begin. As a
result, such steps as investing €300,000 in a scientific experiment that
demonstrates the ineffectiveness of an active ingredient can be very
worthwhile if, as a result of this negative finding, an investment of €100
million that would then produce the same result in a clinical trial can be
avoided (“if you fail, fail early and cheap”).
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In addition to the need for innovative medications, proof of
cost-effectiveness poses another central challenge for the pharmaceutical
industry. Through an independent pharmacoeconomic cost-benefit analysis conducted at an early stage, contributions to the cost efficiency of
new treatments and diagnostic procedures can be achieved. In addition, a
long-range economic contribution to efforts to secure and increase the
efficiency of the health-care system can be made.
The key to innovative and affordable medications of the
future lies in linking all relevant areas in the pharma-innovation system
more closely together. In the connected, value-creating research conducted by private companies and public research institutions, this need is
covered by such EU support programs as the Innovative Medicines Initiative (IMI) and Horizon 2020. These programs ensure that research findings are more rapidly turned into market successes.
Because the focus of all of this work is the patient, promising
health-care solutions must integrate all interest groups along the pharmaceutical value chain. In addition to research organizations, patient groups,
physicians, pharmacists, health insurance companies and political leaders
should be brought together. This approach is being applied in the House
of Pharma initiative in the Frankfurt Rhine-Main metro region. This initiative is primarily supported by universities based in the German state of
Hessen and many pharmaceutical companies. It is led by Goethe University in Frankfurt. The aim of the initiative is to coordinate the joint efforts
being undertaken by the business and research communities to increase
the efficiency of pharmaceutical research in Germany. lf the synergies of
translational research are optimally tapped once again and if the curricula
offered in the knowledge and business location of Germany are expanded
further, the country can play an international role as a leading knowledge
and business location once again and help close the innovation gap in
pharmaceutical development.(2)
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Basic research
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medicine
PROF. PETER GRUSS A ND DR. CHRISTI A NE WA LCH-SOLIMENA

Prof. Peter Gruss, President,
Dr. Christiane WalchSolimena, Administrative
Headquarters, Max Planck
Society, Munich(1)
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Biological research has changed significantly in the past decades.
Technological advances have enabled a purely descriptive science –
examining isolated physiological processes in increasingly fine detail
right down to individual molecules and their structures – to evolve
into a discipline that permits a complete baseline study of the molecules in organisms across the entire information chain, from DNA to
RNA – right up to the proteins and metabolites (1).
The sequencing of the human genome and the first publications on the subject around 10 years ago sounded the prelude to an
unprecedented era of discoveries in biomedicine. Since then, fundamental insights have been gained into human biology as well as into its dysfunctions. Consequently, almost 3,000 genes have been identified as
causal agents of monogenetic diseases such as cystic fibrosis. More than
1,000 genomic loci were linked to complex multigene characteristics at
which inherited mutations often work in tandem with environmental factors to cause widespread illnesses like heart disease and diabetes. It is no
surprise that the success story of the Human Genome Project has raised
great expectations in relation to visible progress in biomedicine and, ultimately, with regard to a specific benefit for patients, which seems to be
taking a long time to come to fulfillment.

“The traditional, linear model of
drug development has run
its course.”
Great efforts are being undertaken to catalog not only the
coding sequence of the human genome and of experimental animal models like those of the fruit fly or the mouse, but also all functional elements
of DNA. In addition, comprehensive inventories are being compiled of
DNA modifications (epigenomics), gene products like RNAs (transcriptomics) and proteins (proteomics), and indirect products of the genome
like metabolites (metabolomics) and carbohydrates (glycomics). This
development is being supported by the increasing availability of cost-effective high-throughput technologies. This “big biology” has facilitated
the identification of possible drug targets significantly.
However, the successful development of a drug also depends
on whether a better understanding of the complex biology of different
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illnesses at the mechanistic level is achieved. In the future, a complete
molecular description of medical conditions should make it possible to
get a systematic overview of how a disease pattern is caused by dysfunctional molecular networks. By this means, the spectrum of drug targets
for specific clinical diseases could expand, which would also improve the
chances for successful drug development.
lf nothing else, this system-based medicine requires a new
classification of diseases on the basis of molecular profiles instead of
being based on isolated symptoms and individual biomarkers. Once this
framework is available, proteomics will forge a path to become a branch
of medicine modeled on the P4 medicine propagated by Leroy Hood
(predictive, preventive, personalized and participatory). It will then be
possible to use molecular fingerprints to predict diseases before symptoms develop and, conceivably, even prevent their onset.

“Big Biology”

20 – 30
The number of drug approvals remains unchanged at
between 20 and 30 per year.

Combined with pioneering discoveries, the huge increase in knowledge
afforded by “big biology” is laying the foundation for far-reaching innovations. Moreover, in the past 10 years, drastic improvements were
achieved in many high-throughput procedures, including proteome analysis, thanks to quantitative mass spectrometry and DNA sequencing. And
this development will go further, too. Thus, the sequencing of the first
human genome was carried out by an international consortium of laboratories at an estimated cost of $2 billion. Very soon, the decoding of an
individual genome will cost only $1,000, which will enable this procedure
to find its way into clinical daily routine.
While biomedicine is making significant advances toward
understanding diseases, the innovation system faces numerous obstacles.
lf genome-based and personalized treatments become prevalent, the
chemistry-based “one-size-fits-all” drug model that aims for blockbuster
sales figures will no longer be viable. Although the pharmaceutical industry's research and development investments are rising ($60 billion worldwide in 2011), the number of new drug approvals remains unchanged at
between 20 and 30 per year. The number of investors who are willing to
make high-risk investments is decreasing. Whereas a dramatic rise in
health costs can be observed worldwide – in part because of an increase
of epidemic proportions in chronic illnesses like diabetes or obesity – it
still takes a promising active agent between 12 and 15 years from discovery to approval. Only one out of every 5,000 to 10,000 active agents or
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drug candidates actually finds its way onto the market and eventually to
the patient. The costs of doing this run to more than $1 billion.

Gulf between basic research and industry
Thus, there is still an enormous gulf between basic research and industry
at the moment. Today, active agents and technologies must be further
along the development process in order to be able to spark investment
interest from industry at all. In addition, platform technologies like stem
cells in the petri dish are highly interesting fields. As a result of these
developments, there is a need for technology transfer interfaces in scientific institutes, validation instruments and business incubators. Furthermore, financing instruments are required that can help narrow the innovation gap by means of a gradual decline in public-sector and an increase
in private-sector financing. From an academic point of view, validation
methods and applied research must be advanced more aggressively.
Model projects like the Lead Discovery Center GmbH (LDC),
which was initiated by our technology transfer subsidiary Max Planck
Innovation, can bring about catalytic changes. The LDC is developing
optimized chemical leads promising smallmolecule potential drug candidates for drug development by addressing the biological target structures
that have been discovered by researchers. The “candidate” is then subjected to further tests in cells and animal models to provide proof that
the therapy concept works (“proof of concept”). In this way, new projects and collaborations with companies continually arise. A particular
strength of the LDC approach is its structure, which ensures a virtually
inexhaustible project pipeline from some 30 life-science institutes in the
Max Planck Society, an integrated technology platform and professional
management that conforms to industrial standards. The Lead Discovery
Center is the first institution of its type to cover a decisive portion of the
pharmaceutical value chain between the identification of target structures and the optimization of potential drug candidates and thus facilitates greater efficiency in innovation.
When the European Lead Factory was established in 2013, a
large EU-financed platform was created for drug development. This public-private partnership is being supported by €196 million from the Joint
Technology Initiative on Innovative Medicines (funding from the Seventh
EU Framework Program as well as from companies in the European Federation of Pharmaceutical lndustries and Associations) and concentrates
on early-stage drug development. The aim is to create a European sub-
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stance library (Joint European Compound Collection) with up to half a
million active agents. A European Screening Center has been established
to provide support in the further development of new target structures.
The traditional, linear model of drug development has run its
course. Curiosity-driven basic research is of vital importance – the role of
the researcher in the initial stages of the innovation process cannot be
valued highly enough. The comprehensive expertise and problem-solving
skills of individual scientists can be decisive, especially in the transition
from discovery to product development. Comprehensive proficiency in
the pathophysiology and epidemiology of specific illnesses is indispensable if we want to reduce the time and costs involved in the drug development process. On the basis of such expertise, signaling pathways can
be addressed and “proof-of-mechanism” analyses can be performed.
Greater cooperation is required in this area between research and industry. We need a learning innovation system where regular interactions
between the various participants improve the quality of decisions and
ensure an optimum exchange of knowledge.
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The correct diagnosis of symptoms and accurate monitoring
of disease progression is critical to effective treatment. For
this reason, it is imperative to focus on early diagnosis and
improved monitoring methods for diseases.
In this context, the following questions emerge: What
technological advances will the future bring? What ethical
implications will these advances have? How is technology
changing our understanding of human life?
What doors will these advances open, particularly
when it comes to genetic testing? Will this technology become
a cornerstone of health and patient care? And how will it affect
industrialized and developing countries? At the same time,
what dangers does it pose? What can be done to maximize the
benefits while minimizing the negative impact? And who is
responsible for monitoring and regulating this technology?
What does all of this mean for the chemical and pharmaceutical industries?
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is Professor for Pharmaceutical
Biology at the GoetheUniversity,
Frankfurt am Main, and a former
president of the Deutsche
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e. V., a German association promoting the interests of the pharmaceutical sciences.
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Cracking the human genetic code set off a revolution in modern medicine. Cancer, for instance, can now be treated much more effectively
and confidently if physicians understand what makes the tumor
genetically tick. The magic term here is “personalized medicine.” But
the tremendous promise of this form of treatment remains untapped.
We really make things hard on ourselves! Sixty years have
passed since James D. Watson and Francis H.C. Crick (1) discovered the
universal principle of genetic coding. And the human genome was completely deciphered 10 years ago (2). Nonetheless, we are still debating
questions regarding whether and to what extent a patient's genetic information may be used in therapy decisions. Remember: It is now 15 years
since the cracking of the human genome and the follow-up projects
related to this breakthrough, including the characterization of human
variability on the basis of individual letter sequences (3), the 1,000
Genomes Project (4) with detailed measurement of interindividual genomic
complexity and an array of genome-wide association studies that have
tracked down variations with certain characteristics, with illnesses and
illness risks and with the individual effectiveness and tolerance of medications (5).
The medical community has made its home in the world of
evidence-based medicine, an area that provides care to patients on the
basis of the best available evidence. Admittedly, medicine is an empirical
science, not an exact one. Since 1990, evidence-based medicine has properly become THE court of last resort for conventional medicine, laying
the foundation for therapeutic options to be developed and recommended. Evidence-based medicine draws on statistical analysis of data
from patient or test-subject populations who have been treated with an
active ingredient under review or with a placebo. And these studies are
both prospective and double-blind. In such studies, “prospective” means
that a hypothesis about the outcome of a study is formulated before the
study is initiated. This hypothesis is then confirmed or repudiated by
subsequent trials. “Double-blind” means that neither the medical professional nor patient or subject knows whether the active ingredient or a
placebo has been administered or taken. This approach is anything but
personalized.

The time is ripe
In two areas, the time has definitely come to use “personal” – that is
genetic – data in therapy decisions. First, this is always the case when an
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active ingredient affects a target diseased tissue that does not necessarily
have to be present in a certain illness. This occurs with certain types of
cancers. Realizing this, physicians have responded. For years now, a diagnosis of “breast cancer” or “colorectal cancer” has simply not provided
enough information to make a decision about how a patient should be
treated. Today, physicians ask questions about the presence of a particular
receptor, a certain protein on the surface of the tumor cell or a genetic
flaw in a cell component whose job is to pass on information. A highly
specialized active ingredient that precisely takes aim at this molecule is
used only if this analysis yields a “positive” result. After all, these are the
instances in which the use of these generally very expensive medications
makes sense.
There is another scenario in which personal genetic information should be used. It is, however, not yet being used in this manner.
Furthermore, it should be stated that medications are not just aimed at
treating structures that play a direct role in an illness and that must be
corrected in order to stabilize the course of the illness or to stop it. Medications are also recognized by body structures that have nothing to do
with the illness. The reason for this is clear: Before a medication can
work, it must enter the body's bloodstream and then begin its journey to
its ultimate destination. Once a medication has done its job, it must be
able to be eliminated from the body. The absorption and excretion of
medications involve complex processes controlled by proteins. Flaws can
work their way into these proteins. Such problems can remain hidden as
long as an individual is not taking any medications. But if this individual
does have to start taking a medication, he or she can be in for an
unpleasant surprise.
lf an active ingredient is not absorbed at the average rate
seen among a majority of patients taking this medication, the drug may
have a limited or even no effect. Or the effect may become too strong if
too much of the active ingredient is absorbed per time unit. When a medication has no effect, physicians speak of “nonresponse,” and non-response is a tremendous problem in pharmacotherapy. On the other hand,
dangerous side effects can occur if a drug is absorbed too rapidly.
There are many reasons for a drug's failure to act. One
potential reason is that the body absorbs the active ingredient in an atypical fashion – that is, in a manner that differs from the one that was
planned. Another reason is that the body excretes it too quickly. An additional possibility is that enzymes responsible for converting an inactive
precursor into the actual active ingredient did not properly function. This
atypical result is caused by flawed genes that are coded for the particular
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proteins. These flaws could be uncovered by a simple gene test administered before a patient begins to take a medication.
A different, but no less dramatic, process is involved when
the mechanisms responsible for preparing the excretion of an active
ingredient function “atypically.” This is linked to enzymes that are generally found in the liver. These enzymes initiate the chemical modifications
in medications that enable them to be eliminated from the body in feces
or urine. These enzymes are also coded by genes. Here, too, flaws that
cause the enzymes to lose their effectiveness may exist in the genes of
some people. In such cases, the active ingredient is excreted very atypically and usually very slowly. lf the physician and the patient are not
aware of this and if the patient takes the medication as prescribed, the
active ingredient will build up in his or her body, leading to serious consequences. Initially, the medication will have undesired effects. Should a
patient fail to recognize them as warning signals, a toxic effect can occur.
Physicians can easily respond to such instances by prescribing a medication that has a similar therapeutic effect but other excretory characteristics or by simply lowering the daily dosage. Sometimes, though, a
patient's body will produce too many of these modifying enzymes. This
causes the active ingredient to be excreted too rapidly and prevents the
medication from working. The result is non-response. Here, too, physicians can select another active ingredient with a similar therapeutic effect
or significantly raise the daily dosage.

“Equipped with this knowledge,
doctors can plan medication
therapy in a completely
different way: personalized,
not blind.”
The same enzymes that are so essential to the excretion of a
medication can also play a different, but important role with certain medications. In these instances, they convert an inactive substance, which is
known as a “prodrug” among professionals, into the actual effective
form. Increasing numbers of medications are being developed as pro
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drugs because these inactive forms frequently have advantages that the
active molecules do not possess. lf a patient is unable to activate such a
prodrug, the medication cannot have any therapeutic effect. lf the pro
drug activates the ingredient too quickly, a life-threatening situation can
arise. We learned this painful lesson when children who had just undergone tonsillectomies died after being given codeine for pain relief. These
children died of a morphine overdose because codeine is the prodrug of
the analgesic morphine. The children converted the weak-acting codeine
into morphine too quickly and paid for it with their lives (6).
Because such abnormalities among components responsible
for the availability or metabolic transformation of medication have nothing to do with the illness itself, they can be determined from any arbitrary
piece of tissue. And it only has to be done once in a person's life.
Equipped with this knowledge, doctors can plan medication therapy in a
completely different way: personalized, not blind. It is hard to believe that
this approach did not become a standard operating procedure years ago.
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At the moment, personalized medicine is the dominant topic in
health care, serving as the focal point of a passionate, multi-issue
debate among all stakeholders in the industry. Members of the general public expect to receive the best possible and most advanced
treatments, including state- of-the-art medications and diagnostic
products. Faced with the prospect of demographic change, though,
insurers are expressing concerns about the affordability of such
treatment. At the same time, ethical and socioethical questions are
being raised about the right to do everything medically possible to
save a person's life. For these reasons, the time has come to conduct
a broad social dialogue about the potential and risks of personalized
medicine. The following article will describe how megatrends in science, including biotechnology and the deciphering of the human
genome, can be used for the good of society as a whole, taking personalized medicine as an example.
The business model of research-based industry involves
achieving success through research and innovation. This success depends
to a large degree on the benefits these innovations provide to patients
and the health-care system and their acceptance by various stakeholders.
As a research-based pharmaceutical and diagnostic company, Roche
develops innovative solutions that constitute a decisive improvement in
the way that illnesses requiring complex care are diagnosed and treated.
Scientific research, particularly modern molecular diagnostics, is increasingly unlocking the gateway to the causes of illness on cellular and molecular levels. These discoveries have led to a concept known as personalized medicine. Under this type of care, a particular medication is not
prescribed until the results of a molecular-diagnostic pretest have been
evaluated. The novel aspect of such upstream diagnostic practices is that
they facilitate the characterization of a reference population and disease
cohorts – a practice that was not possible in the past. This characterization can then be used to develop customized therapeutic intervention
plans.
Personalized medicine can also be seen as one step on the
way to developing more effective treatment, given that it is based on individual patient traits and specific illness-related factors. It is well known
that patients with the same illness respond differently to treatment with
the same medication. One patient may benefit greatly from a drug, and
another will experience no improvement at all. Studies have determined
that up to one-third of prescribed medications do not produce the
desired effect, meaning that only two-thirds of all patients benefit from
their medication (1). Possible causes of these disparate responses are a
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patient's genetic makeup or special disease-related factors that affect the
effectiveness of a medication. This is a disconcerting situation: for
patients and physicians because the effects and side effects cannot be
precisely calculated, and for insurance companies because money is
spent on forms of treatment whose effectiveness and safety are suboptimal in many cases.
The aim of personalized medicine is not to develop an individual treatment for each patient. Rather, it seeks to identify patient
groups that could profit in particular from a certain therapy or find those
people who would experience extreme side effects.
One essential aspect of the successful work to develop innovative diagnostic products and medications is the systematic evaluation
and implementation of scientific findings. New technologies are being
applied in pharmaceutical research as a way of finding molecules in the
body that could serve as drug targets. In cancer treatment, for instance,
this could involve finding structures in a tumor that are typical for this
particular type of tumor, but that appear only to a limited degree or not
at all in healthy tissue. These are called biomarkers. Should such biomarkers be identified, a commercially risky, expensive and
time-consuming effort could then be undertaken to develop
a medication that could fight these structures.
Molecular diagnostics capable of pinpointing
active ingredients developed
biomarkers raises the prospect of a completely new
from personalized medicine
approach to therapeutic care. The cause of illness can be
approaches are already availtraced to an array of factors. In addition to environmental
able in Germany.
influences, diet, lifestyle and genetic predisposition frequently play a key role in the development and treatment of
a disease. Within a population of patients suffering from a disease like
colon cancer, biomarkers could be used to help identify certain subgroups that require different forms of treatment. This biomarker-based
stratification of patients is the essence of personalized medicine: Patient
groups with different (genetic, for instance) markers will also receive
different forms of treatment – which could involve different medications
or different dosages of the same medication.
The aim of personalized medicine is thus to improve medical
care using medications over the long run as well as to make it safer and
more efficient. Thirty-four active ingredients developed from personalized medicine approaches are already available in Germany. A diagnostic
pretest is required for 26 of these active ingredients. Such tests are recommended for eight other active ingredients (2).
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Breast cancer patients who previously had the worst prognosis are profiting for the first time from this stratified form of drug therapy. For cases of so-called black skin cancer, stratified drug therapy is
helping researchers make their first gains in more than 30 years. Personalized medicine pays off for all stakeholders in the health-care system:
The chances of successful treatment rise for patients.
	With the help of diagnostic tests, physicians can not only
identify those patients who are suitable for a particular
treatment, but can also more accurately predict the chances
of a particular treatment's successful outcome.
	Insurance companies benefit because unnecessary costs
associated with the failure of a medication or undesired side
effects can be avoided.
	For pharmaceutical companies, the increased treatment
certainty and the assurance of a successful outcome become
the game-changing arguments in discussions about market
authorization and reimbursement from health insurance
companies. These factors also give companies a competitive
edge.

“We need reliable health-care
policy conditions that facilitate
the integration of diagnostic
products and personalized medications into patient treatment.”
To fully tap the future potential of personalized medicine,
research and development must continue to invest large sums of money
and resources. Researchers will have to pinpoint and validate new biomarkers to ensure that the largest possible number of illnesses can be
classified in molecular-diagnostic terms and, hopefully, treated in a tar-
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geted manner. Research in the fields of molecular biology, genetics and
biotechnology must be optimally dovetailed between companies and
research institutions in order to synchronize the knowledge that already
exists in R&D in the best possible manner. In this regard, the research
funding provided by the German Federal Ministry of Education and
Research is welcome (3). Furthermore, companies need reliable healthcare policy conditions that facilitate the integration of diagnostic products and personalized medications into patient treatment. This includes
authorization requirements, evaluation and reimbursement processes as
well as patent protection for innovative medications and diagnostic products. Five steps could improve personalized medicine's chances of success:
	The pharmaceutical and diagnostics industry must commit
itself to jointly developing validated test processes and biomarkers to support the development of new active ingredients.
	Improvements must be made in the introductory and
advanced training of physicians in the area of therapy-determining or supporting diagnostics.
	The latest findings in personalized medicine should be incorporated into the related treatment guidelines.
	In combination with clinically validated, high-quality companion diagnostics, the authorization and reimbursement rules
for medications must be updated and synchronized.
	A public dialogue regarding the chances and opportunities of
personalized medicine must be conducted.
Personalized medicine is already being used in such therapeutic areas as
oncology. Thanks to this new approach, the fatal threat posed by certain
forms of cancer has been alleviated. But this is just the beginning of a
true revolution. Science, business, political leaders and society as a whole
should recognize these opportunities.
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Everyone wants to remain as healthy as possible, free of affliction,
particularly free of any pain that could severely restrict his or her
lifestyle – and not die young. These wishes appear to be woven into
human DNA. For centuries, physicians have been trying to make
these wishes come true. Admittedly, medical care may play a small
role in the overall health of a country's population when compared
with social conditions and education. But the medical profession has
certainly made tremendous strides.
The one development that has fueled the hopes of so many
people in recent years is generally called “personalized medicine.” But
you may also know it as individual, biomarker-based or stratified medicine. In this form of medicine, effective medications to treat particular
illnesses are developed and selected on the basis of the respective biomolecular properties of tissue. Dosages are then determined on the basis
of the individual patient's genetically influenced reactions. This results in
more effective treatments, more precise prognoses and fewer undesired
side effects. The aim is to obtain an increasingly early diagnosis and an
increasingly precise understanding over the course of an illness. As long
as the patient benefits, for example, from successful therapy, this development is to be welcomed – provided that the patient has every opportunity to make his or her own decisions about care during every step of the
process. But if no patient benefits, problems can arise. A diagnosis, particularly when it involves an incurable illness, can be a devastating event
for the patient and members of his or her social group. As a result, people must decide for themselves whether such a diagnosis should be provided as early as possible. Prediction goes even further than an early
diagnosis does: The determination that a person has an increased risk of
being afflicted by one particular illness can also cause considerable worry.
And, under certain circumstances, it can lead to misunderstandings and
discrimination, for example when entering the job market or applying for
insurance coverage.
What, then, does personalized medicine – in the area of
prediction, diagnosis, treatment and prognosis – mean for all involved
parties? For the patient, it can bring both benefits and disadvantages.
Physicians and patients must carefully weigh these together on the basis
of individual circumstances. Physicians need advanced professional training. Universities and industry must conduct research. And the stakeholders in the health-care system must rethink a number of structures and
regulations to ensure that a proven advancement can indeed be applied
to the benefit of a patient. This may sound simple. But it is accompanied
by several challenges.
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One problem is that a primarily biomolecular approach falls
short – and this tops the agenda at the moment. Knowing the molecular
structure of a tumor's tissue certainly helps find the appropriate target
structures for treatment and hit them as precisely as possible. But in
order to understand as completely as possible the onset and course of an
illness as well as its possible response to treatment, a medical professional requires additional information from medical histories and various
clinical trials. Before a decision can be made about the course of treatment for a specific patient, a number of other questions must be considered along with the genetic analysis. These questions include a patient's
lifestyle, his or her behavior as well as the findings of radiological diagnostic tests and neurological testing. The objective is to integrate biological, mental and social environmental information. The term “systems
medicine” has been coined to describe this approach. The German Ministry of Education and Research has developed a research-support program that also takes ethical and legal questions into consideration. This
approach appears to hold much promise, even though it represents a
major challenge in the way it combines the various methodologies, philosophies and the inherited opinions that various branches of science have
of themselves.
A second difficulty is that the framework conditions for
addressing the approaches used in personalized medicine, much less systems medicine, have not been sufficiently worked out yet. Physicians
must keep abreast of new findings that are being made about illnesses in
their specialty. This has always been the case. But given the rapid
advances being made in genetics and medical technology, this is hardly
possible amid the daily demands of a medical practice. As a result, a physician cannot be left to deal with matters alone. Rather, we need structures that can provide the latest information and offer recommended
approaches on which physicians can rely. In terms of diagnosis and treatment, this physician must also work with doctors from other specialties
in a manner that stretches beyond the traditional sectors of health care.
The boundaries separating outpatient and inpatient care should be as
easily navigable as possible for the patient's own sake. This should be an
even greater imperative for a form of care that focuses its high scientific
commitment on the individual. It is just as important to assure that personalized medicine can indeed be financed. In a position paper on the
future of genetic diagnostics published in 2013, the German Ethics Council issued a number of recommendations. These suggestions included
“that the costs of performing any genetic diagnostics required for the
application of a medication as indicated in its approval should be covered
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by health insurance policies.” It also offered specific regulatory recommendations for timely implementation.
A third difficulty involves research. The point of this work is
to produce meaningful results that can be used in everyday care – this is
an old problem that is getting worse as a result of stratification conditions. A study that is considered “good” when held to the criteria of evidence-based medicine causes it to be accepted internally as valid. This
means that the study measures and actually explains that which it claims
to measure and explain. But this does not necessarily mean that the study
has a high level of external validity, that is, that the study's findings can
be replicated in an actual medical-care setting. The test subjects being
studied under experimental conditions are not patients being treated
under everyday conditions. It would be helpful in this regard to have significantly more data from everyday medical practices – at best as part of
a medical-system review conducted as part of intensified research about
care. Should this come to pass, however, it would certainly involve navigating data-protection issues.

“The meaning of life is the
true personal dimension.”
What would happen if all three challenges were sufficiently
met? Research would take off, and its results would quickly find their way
into daily practices. All physicians would receive optimal professional-development training, could provide very good consultation to their
patients and have the time to do so. Furthermore, efficient collaborative
efforts among all necessary professional groups and specialties throughout the health-care system would be established. And, best of all, everything would be affordable. At this point, there would be only one, nontransferable responsibility for ailing individuals to assume. They would
have to find their own best way to deal with a disease risk or an active
illness and integrate this process into their own lives. In addition, individuals must adopt an attitude toward the state of being ill and see setbacks
in their lives in a manner that will enable them to view these events as
having some purpose. The meaning of life is the true personal dimension.
lf we can keep this thought in mind amid all of the propitious advances
being made in medicine, then personalized medicine can become medicine for the person.
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Protecting the natural world is a huge challenge. Chemistry
can play a major role in finding solutions as we travel down the
road into the world of tomorrow.
Geoengineering is garnering lots of attention in the
search for ways to protect our environment and maintain
life-sustaining conditions on Earth for future generations. Such
attempts to manipulate our environment with technology are
met with much interest and just as much resistance. Opponents point out how little we know about the effects of such
intrusions into the natural order of things. Proponents point
out how limited our slate of better ideas is.
How can we protect the future of Mother Earth? Is
geoengineering the right path? What are the arguments for
and against it? What are our alternatives? And how ought one
think of it in ethical terms? Should mankind be allowed to
actively manipulate the laws of nature? Would we be Luddites
to pass up the opportunities of geoengineering? Or are the
proponents of such methods deluded techno-utopians?
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For years, humans have been trying to stabilize the world's environment by lowering the amount of greenhouse gases that their societies
pump into the air. In 1992, this approach was even incorporated into
the UN Framework Convention on Climate Change. But because this
strategy failed to produce the desired results so far, technology-
based processes designed to save the environment have emerged as a
popular new weapon in the climate-protection arsenal. The question
is: Are such climate-engineering efforts a viable environmental policy
option? And can they serve, at the very least, as the ultima ratio if all
other efforts to stave off climate change fail?
From the dawn of the human race, people have believed that
the environment must be adapted to meet human needs and that they
must take command over the forces of nature to achieve this end. As
humans honed their technological skills, geoengineering efforts began to
take shape. Unfortunately, earlier geoengineering attempts produced
environmental and economic disasters. Today, the Aral Sea stands out as
both a forewarning and a symbol of the human hubris that characterizes
efforts to tame the forces of nature. Once the world's fourth-largest lake,
the Aral Sea is now a desert wasteland created by the massive diversion
of the waterways that once fed it. Against this backdrop, climate engineering was an environmental black sheep for years. In recent years,
though, the debate about it has significantly intensified, even becoming a
topic addressed in German research policies. Climate engineering can be
broken down into two elementary approaches:
Solar radiation management
The techniques employed by solar radiation management are
designed to reduce the amount of sunlight hitting the Earth
and to increase the deflection of solar rays as a way of
retarding the rise in global temperatures. In one potential
approach, mirrors placed outside the Earth's atmosphere
would be used to dim the intensity of sunlight. In a contrasting solution, the Earth's ability to reflect sunlight, a phenomenon known as planetary albedo, would be expanded as a
way of cutting the amount of heat that the Earth absorbs
and of reversing the heating process. This could be achieved
in part by using white rooftops on such places as factories,
halls, barns and houses. These light-colored surfaces would
reflect more sunlight than traditional dark rooftops do. But
these approaches have one common weakness: They cannot
do anything about the concentration of greenhouse gases in
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the atmosphere and these gases' impacts, including the acidification of seas. Admittedly, solar radiation management
could have a relatively fast cooling effect on the Earth if an
environmental disaster were about to strike. But such a solution comes with its own set of serious risks, including damage to the ozone layer and a threat to the well-being of
humans, flora and fauna.
Carbon dioxide removal
In this process, greenhouse gases already released into the
atmosphere would be removed by using technical or stimulated natural processes. These processes could include air
filtering, ocean fertilization or even forest-protection steps.
Because these methods are applied directly to the presumed
causes of climate change, the uncertainties and side effects
associated with them are considered to be rather manageable. In contrast to solar radiation management, efforts to
remove carbon dioxide will take many years to have the
desired effect.

Climate engineering as an option in
environmental policies
The fundamental problem of (global) efforts to protect the environment
by reducing greenhouse gas emissions is that a large number of nations
around the world must join forces. By contrast, climate engineering conducted as part of solar radiation management can be carried out by
high-technology countries working unilaterally, something that can appear
to be a frightening political prospect for the rest of the world. Climate
engineering conducted with the help of solar radiation management also
poses high, potentially irreversible and long-range risks.
The relationship between the three environmental-political
approaches of prevention, adjustment and transformation is frequently
described as “complementary,” while climate engineering is portrayed as
taking on a “supportive” role. As a result, steps taken as part of solar
radiation management could indeed help get through the critical phase of
stabilizing the amount of carbon in the atmosphere until they would no
longer be necessary. But the political repercussions of such steps are
usually ignored in this process. The reason is easy to see: The mere existence of such climate management options could be viewed as an insur-
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ance policy against environmental damage, counteracting all efforts to
encourage people to avoid doing the very things that stoke the heating
process in the first place. Thanks to this new carefree attitude, climate
engineering could even become the driving force behind new increases in
emissions.
Technical climate management could result in a scenario that
can only be described as a “balance of terror.” Here, humans would place
all of their environmental policy chips on solar radiation management,
which would have to thwart the potentially disastrous effects caused by
the steady rise in the concentration of greenhouse gases by carrying out
continuous, systematic activities. But, given the unilateral aspect of this
approach, who should assume both the political mandate and the responsibility? This is the core political and legal problem of climate engineering.
For this reason, technological climate management can only be seen as
an ultima ratio. But this option should not weaken efforts to lower emissions. The big question is the extent to which the mere awareness about
the options of climate engineering will make their application more probable, if not imperative.
On the other hand, climate engineering is much more than
an easy-to-apply alternative to prevention and adjustment: lf global
warming has already exceeded threshold levels or has set off self-reinforcement effects in the climate system whose ultimate impact will be
seen sometime later, disastrous environmental impacts could occur in the
future, and these impacts could no longer be reversed by reducing emissions or even by adjusting to climate change. In this case, it would be time
to pull the emergency brake known as climate manipulation.

The risks
Naturally, the potential risks have been intensely discussed. Points being
addressed in these debates include the unexplained effectiveness of individual steps (will they achieve the intended result?) as well as the many
(possibly unknown) environmental and geophysical side effects to the
Earth. Because the environment recognizes no borders and climate engineering could have different effects in various regions of the world,
far-reaching international tension could occur.
Furthermore, consideration must be given to the question of
whether efforts like solar radiation management can indeed be performed safely. After all, the margin of error is extremely small. A failure in
solar radiation management – including technical malfunctions, a lack of
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financing or human error – could have a catastrophic impact. Sharp temperature spikes that could produce disastrous results could occur within
a short period of time. Such a failure-prone, but relatively low-cost
approach to climate engineering could also be misused. Consider for a
moment that individual countries, or even wealthy individuals for that
matter, were able to use technology to manipulate the environment. This
would create new security risks that would have to be addressed.

Ensuring justice
A globally unauthorized and unilateral application of climate engineering, a
process that could help the (industrial) practitioner avoid complying with
costly emission-cutting regulations while having a powerful negative impact
on other regions of the world would give rise to a completely new set of
questions regarding climate justice.
The application of climate engineering as a form of solar
radiation management will produce regional winners and losers – through
regionally different climate impacts as well as through possible side
effects. In addition, there will naturally be many different views regarding
just what the “right” global climate actually is. For this reason, the real
key question involving climate engineering lies in solving the global governance problem: Who should be authorized under which conditions to set
climate engineering goals, select the appropriate instruments and then
put them to use? The creation of a functioning international climate engineering regime will pose a huge challenge for the world community.
Countries must agree on the climate they want as well as spread out the
costs of technical implementation and the presumed or proven burden
created by environmental impacts. They would have to ensure that
attacks on the system could be countered and resolve liability issues. In
addition, the system would have to function smoothly for many centuries
to come – even as risks rose.

Conclusion
Even though it is frequently said that the climate engineering strategy has
yet to reach technical and institutional maturity and that it poses both
many and extensive risks, and even though environmental policies remain
committed to emission-cutting efforts, an astonishing international preliminary action on the issue has already been amassed.
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This brings to mind a play titled “The Visit” by the Swiss
writer Friedrich Dürrenmatt: In this story, an matronly woman returns to
the small town where she grew up and makes the community an indecent
proposal: She will give the town a huge sum of money in return for the
killing of her former unfaithful lover. Outraged, the town rejects the offer.
But it rather obviously goes about the job of preparing for this very eventuality and does things that make it even more likely. The end of the story
is well known. Given the potential impact of climate engineering, it is not
surprising that the preliminary question of whether this environmental
option should actually be researched at all as a way of improving the public's awareness of this strategy is highly controversial.

“The vision of a man-made
climate appears to represent a
temporary climax of humans'
presumed domination of
nature.”
In this new age of Anthropocene, in which the human race has
had an impact on nearly every geo-economic process, the vision of a manmade climate appears to represent a temporary climax of humans' presumed domination of nature. In light of the international inability to systematically cut emissions, environmental policies are painting themselves
into a crowded corner. To the right, there is the Scylla of potentially irreversible latent effects of global warming. To the left, there is the Charybdis
of potentially uncontrollable and highly combustible emergency steps to
halt encroachment into the Earth system. In this unpleasant situation, the
pressure regarding fall-back technologies in emergency situations may
become so intense that consideration of them will appear to be unavoidable. The seal on the Pandora’s box of environmental policy may have
already been broken. In mythology, the complete opening of this box did
bring trouble. But, after all, it also offered hope.
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After the collapse of international climate policy in Copenhagen in
December 2009, the tale of geoengineering, promising end-of-the
chimney fixes for anthropogenic global warming, has become
increasingly popular (1). This is essentially a tale of two fairies (2): the
rather wicked one conjures up solar radiation management (SRM),
and the tolerably good one delivers CO2 removal through schemes
like industrial “air capture” (IAC).
Unfortunately, a study by House et al. (3) pours lots of cold
water on hot IAC stuff. Most notably, the authors maintain that the total
systems costs of IAC (factoring in all pertinent processes, materials, and
structures) might well be in the order of $1,000 per ton of CO2 extracted
from the atmosphere. This is tantamount to forecasting a financial tsunami: For making a tangible contribution to global warming (and ocean
acidification (4)) reduction, several gross tons of CO2 should be
“scrubbed” every year in the last third of the 21st century (see below),
thus generating a multi-trillion-dollar IAC bill.
House et al. arrive at their important cost estimate by blending existing bits of scientific and technical information into a convincing
common-sense analysis. The take-home message is that the energetic
and economic challenges of IAC systems design and implementation have
probably been underestimated by previous studies promoting that climate-fix option (5, 6, 7). The House et al. argument rests on five cognitive
pillars, namely (i) an evaluation of the pertinent Sherwood-plot approach
to dilute streams (8); (ii) a realistic thermodynamic efficiency assessment
of the processes involved in IAC; (iii) a rough quantification of the power
costs for IAC, which can achieve significant carbon negativity only by
tapping nonfossil energy sources; (iv) an analogy assessment of the work
required for chemical removal of trace gases from mixed streams,
exploiting rich empirical data available for SO2 and NOX handling; and (v)
a careful discussion of the design options for large-scale IAC installations,
reconciling competing physical and chemical constraints.
The last aspect is related to the gigantic volumes of air that
need to be processed swiftly through the scrubber plants, where the
ambient CO2 contacts appropriate solvents or sorbents. This, in turn,
confirms an intuitive skepticism about IAC schemes prevalent among
experts with formal training in statistical physics: You need to work hard
to beat entropy growth within a given subspace of the universe. So it
seems rather odd to first burn fossil fuels (where the ambient carbon
was captured, reduced, and concentrated by biogeochemical processes
over hundred millions of years), then let the oxidized carbon mix and
migrate across the entire atmosphere, and finally distill the CO2 again
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molecule by molecule using sophisticated technology. There is no free
energy lunch.
This is a most inconvenient truth for climate protection.
Humankind has to make a crucial choice about its collective radiative
forcing (9): If CO2 emissions shrink according to an aggressive worldwide
mitigation strategy (“Thrust Reversal”), then there is a good chance of
keeping planetary mean surface temperature increase below the 2°C
guardrail (10, 11) as adopted by more than 190 nations in 2010 (12). Note,
however, that this strategy not only foresees a complete phase-out of
CO2 emissions by 2070, but also the establishment of negative fluxes of
CO2 afterward.

“Humankind should avoid
betting on the fabrication of
a silver bullet for shooting
climate change.”
The extreme alternative (“Reacceleration”) is the total shirking of climate responsibility by a world economy fixated on material
growth: The plentiful fossil energy resources still in the ground (such as
tar sands, shale oil and gas, and – most importantly – coal) are tapped
despite the inexorably soaring production costs (13), atmospheric CO2
concentration approaches the 2,000-ppm level, and global mean temperature rises by up to 8°C by 2300. Never mind where the civilization jet
will eventually crash.
Very few people who accept the insights of state-of-the-art
climate science find the Reacceleration scenario and its dire consequences acceptable. However, it is not unlikely that the myopic market
forces will drive the extraction process further and further. Therefore,
the last best hope may reside in an environmental fix engineered independently of energy systems transformations, namely radiation management that cools down the planet (or, at least, large parts of it). Ample
literature on SRM is already available (see especially refs. 14 and 15), in
which numerous schemes of varying sophistication (such as placing mirrors in outer space, deploying reflecting aerosols or metal flakes in the
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atmosphere, manipulating cloud cover, enhancing land albedo, or simply
painting roofs white) are explored.
Some of those ideas actually originated in the scientific circles surrounding John von Neumann and Edward Teller in the 1950s (16).
These two masterminds openly advocated weather-manipulation ways of
winning the Cold War against the Soviet Union. A contemporary giant of
science, Nobel laureate Paul Crutzen, rekindled the SRM debate in 2006
through an essay on stratospheric sulfur injection (17). However, he has
consistently argued then and ever since that such a climate-engineering
scheme would be implemented out of despair only, that is, if the establishment of any “conventional” climate-protection measure (like a worldwide cap-and-trade system for greenhouse gas emissions) failed. Crutzen, Carlo Rubbia (a Nobel laureate in physics and an eminent energy
expert), climate scientist Alan Robock, and I were members of a Pontifical
Academy of Sciences panel (18) that also discussed the portfolio of potential SRM schemes. Convincing arguments were raised that radiation
manipulation may be a rather bad political idea (see, e.g., ref. 19),
whereas research in this field might generate important scientific insights
transcending the elusive climate-fix realm (see, e.g., refs. 20 and 21).
On closer inspection, SRM exhibits MAD traits. The latter
acronym stands for “mutual assured destruction,” that is, the ominous
doctrine of the arms race frenzy. lf the climate can be influenced rather
inexpensively by sending aerosol rockets to the stratosphere, then who
decides when and where the buttons are pushed? Certain countries like
Russia might actually welcome some warming of their territories. So
would they shoot down, say, Indian or Chinese geoengineering missiles
launched for stabilizing the Asian monsoon pattern or other tipping elements in the Earth system (22)? One step further up the escalation ladder,
the supposed beneficiaries of climate change might deliberately increase their greenhouse gas emissions for overcompensating SRM, and so on. Additionally, the crucial point that
temporal failure of artificial insolation reduction would most
In aggregated losses in world
probably wreak havoc has been made repeatedly (23).
gross domestic product until
Although a committee convened by the Bipartithe end of the century would
accompany emission reducsan Policy Center Panel in Washington, DC, seemed pretions in line with the 2°C
pared to relativize some negative aspects of SRM and to call
objective.
for a substantial research and development program (24), the
dilemma of geoengineering does not evaporate: the (moderately) good schemes involving ambient CO2 capture are not affordable
(according to the House et al. assessment summarized above), and the
(moderately) affordable schemes involving radiation manipulation are no

1– 3 %
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good, so what are we going to do? The answer seems obvious and utterly
sensible, namely intentionally aborting unintended geoengineering as
resulting from careless fossil fuel use. The following are five arguments in
favor of climate mitigation by industrial transformation (25).
First, you need to approach zero before you can go negative.
So the decisive phase of the Thrust Reversal scenario described above
consists of a resolute phasing-out of CO2 in the next five or so decades.
In a consecutive phase, net carbon extraction from the atmosphere
should happen. Fortunately, CO2 capture from concentrated biomass flue
gas (26) may do this job more cost efficiently ($150 – $400 per ton) than
the IAC schemes proposed so far. A precondition for this, however, is the
development of appropriate carbon capture and storage (CCS) schemes,
which may be needed anyway as a climate-protection bridge between
fossil and sustainable energy.
Second, we do know a lot already about energy-efficiency
measures (27) and renewable-energy systems and infrastructures (13). Technological breakthroughs that are bound to happen with enhanced
research and development for IAC will equally likely become available in
the former realms through a process of induced innovation (28).
Third, emission reductions will not cost the Earth. According
to recent multi-model assessments, mitigation in line with the 2°C objective would be accompanied by 1 percent to 3 percent aggregated losses
in world gross domestic product until the end of the century (13).
Fourth, there are multiple cobenefits of climate protection
by systemic decarbonization. Outdoor pollution (such as acid rain) originating from fossil fuel use keeps on destroying invaluable ecosystem services all over the world; indoor air pollution from primitive household
fires fed by biomass or coal has just been linked to nearly 2 million deaths
per annum (29).
Last, efficiency and renewables will achieve something that
geoengineering approaches do not even care to consider: laying the foundations for a sustainable global energy supply system that (i) can virtually exist forever, and (ii) offers more equitable opportunities for the
developing world than the fossil-nuclear complex.
In essence, humankind should avoid betting on the fabrication of a silver bullet for shooting climate change. Our world does not
need SRM or IAC in the first place, but rather a novel way of going MAD:
“mutual assured decarbonization.”
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The debate over climate engineering is gaining momentum. In 2010,
a conference devoted to the topic was held in Asilomar, California.
German universities are offering summer school courses on it, and
the media have gotten wind of it as well. In Germany, an interdisciplinary group of environmentally conscious researchers has been
formed. Among other things, this group has produced a research
strategy in which philosophers and ethicists will play a role.
When the topic of climate engineering comes up, people
frequently react with expressions of astonishment that “stuff like that is
actually being considered” and occasionally with complete horror when
they hear about the hubris of the research world.
Members of the scientific community have come to an
agreement that any moral or political judgment of climate engineering
must be based on solid scientific information regarding the opportunities,
consequences and risks. A majority of scientists have expressed the view
that large-scale field trials using techniques like stratospheric sulfate
injections would not be covered by the freedom-of-research principle
because such experiments would involve actions in and with reality.
Armin Grunwald (1) has noted that some options being considered in climate engineering require a great degree of caution. The
reason is clear: They could be irreversible or have unforeseen effects.
This is an excellent example of “post-normal science”: Far-reaching decisions must be morally and politically justified under conditions of risk and
uncertainties. Arguments are the key factor in judgments on climate engineering. But understanding the magnitude of the effort involved leads to
an intensified sense of responsibility, particularly regarding the assessment of the arguments being made.

Types of climate engineering
Among climate-engineering measures, a distinction has been drawn
between carbon dioxide removal and solar radiation management. Carbon dioxide removal includes forestation, peatland protection and protection of carbon in the ground. The steps share a common trait: They
have many links to intelligent modification and to the protection and
sustainable use of biological diversity. Research on these types of ecological and nature-conservation activities should be receiving increasing
amounts of financial support.
lt is telling that these options always come up in conversation, but only occasionally receive any sort of serious support. The
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refrain of criticism that keeps coming up is that they do indeed help, but
just not quickly enough. This is true. But it also demonstrates that a combination of strict prevention of emissions; smart, justified adjustments;
and complementary environmental-protection steps can form a coherent, consistent global strategy that is appealing from a climate-ethical
point of view (2). And the time window on this approach remains open.
On the other hand, solar radiation management can be broken down into three categories. lt involves space-based reflectors, the
technical production of clouds and the introduction of huge amounts of
sulfates into the stratosphere. The consensus appears to be that the sulfate solution is the option of choice (3, 4). The reasons are easy to see: The
introduction of sulfates into the upper atmosphere could have an immediate impact on the Earth's temperature, would be technologically feasible, would create relatively minor direct costs and could be done unilaterally. As a result, it can be said that it is an effective, efficient and workable
solution that could be decisively carried out by any major country. For
this reason, the following article will take a closer look at this option.

Pro and contra
Supporters make their case by espousing the following arguments:
“Arming the future” argument. Proponents of this option
argue that society has a moral obligation to explore all solutions in order
to create an optimal basis of decision-making for future generations. It
primarily relates to research that extends all the way to field trials, but
not to actual implementation. This argument can be supported by a number of other arguments. The thrust of these secondary arguments is that
the human race must be prepared to deal with emergency situations and
must have a series of ultima-ratio options in its arsenal. Stephen Gardiner
has taken an in-depth look at this argument (5).
“Lesser evil” argument. The essence of this argument is
that the use of sulfates would be the lesser of two evils when compared
with unmitigated climate change. The ethics of the argument lies in the
consideration of the lesser of the two evils. The argument supposes that
global mitigation efforts are bound to fail due to many factors. Moreover,
the argument adopts bleak prospects for a warming world from the critical discourse in climate science and ethics. Ultimately, it compares evils
and judges the evils of CE less.
“Efficiency” argument. With this argument, supporters
maintain that the direct and (difficult-to-estimate) indirect costs of the
use of sulfates would be less than the costs associated with prevention
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and adjustment. As a result, they say, giving a priority to prevention and
adjustment would amount to a waste of economic resources.
“Easiness” argument. The thrust of this argument is that it
would be politically and culturally easier to carry out the sulfate option
than it would be to persuade people and industry to avoid producing
emissions. With solar r adiation management, it would be possible to
avoid unpleasant intrusions into people's lifestyle, habits and economic
possessions. As a result, this approach holds tremendous political appeal.
“Innovation” argument. Supporters say climate engineering would stimulate technological progress, a development that would
result in new patents and processes, and create attractive business segments and jobs.
“Go it alone” argument. Here, proponents point out that
prevention requires the long-range collaboration of many countries. On
the other hand, they say sulfates used as part of solar management can
be applied by a single country or by a small group of committed countries
that are convinced of the rightness of their actions and are carrying them
out on behalf of the entire human race. These proponents maintain that
legally this approach could be carried out indefinitely because it is not
covered by international law. It is not yet clear whether this is actually a
pro or, rather, a contra argument.
Opponents of this approach have a number of arguments of their own:
“Risk transfer” argument. The essence of this argument is
that the risks resulting from the continuation of today's high-emission
economic model will be unfairly shifted to the shoulders of future generations.
“Termination problem” argument. This argument maintains that a dilemma could arise in the future once the sulfate option had
been exercised. This argument envisions an array of side effects from the
use of sulfates, including shifts in precipitation, changes in photosynthesis
and acid rain. Should these effects reach an unacceptable level and the
concentration of greenhouse gases continue to climb because people
have put too much faith in the success of sulfates, future generations
would have to either live with the unacceptable side effects of CE or rapid
climate change without CE. The argument has been presented in a more
fine-grained analysis.(6)
“lnformed-consent” argument. Supporters of this argument maintain that actions that produce global, long-range impacts can
be justified only if consent to them has been given by a broad, well-informed public.
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“Moral hazard” argument. The thrust of this position is
that the mere prospect of solar radiation management would prompt
many people to continue pumping out CO2. Why should people go to all
the trouble of avoiding the production of CO2 if a solution is already waiting in the wings?
“Undermining better options” argument. Here, proponents maintain that the sulfate option itself stands in the way of the
opportunities created by prevention and adjustment. Its implementation
may block many investment decisions in energy-conserving technologies
and renewable energies. It is argued that solar management would stall
the diffusion of advanced technologies and support traditional industrial
structures (coal, oil, the automotive industry, agribusiness, etc.).
“Political economy” argument. Under this position, solar
radiation management is seen as providing new strength to the military-industrial complex and to the industrial sectors with the most reactionary climate-policy elements, a development that should be rejected
for a number of reasons. This argument underscores an option under
which a leader like the president of the United States must show decisiveness and determination at the behest of some industries.
“Hubris” argument. Supporters of this argument place
solar radiation management within the tradition of many other technological encroachments, actions that represent a form of overkill and cockiness that will exact their revenge (at some point). Humans have taken on
the role of world engineer, a role that is not reserved for them.
“Loss of intangibles” argument. This argument is primarily
aimed at the fact that the use of sulfates would alter the color of the sky
and its characteristic blue color would take on a lighter shade.

Preliminary position
The only pro argument that carries any weight for the time being is the
arming-the-future position. This argument justifies only theoretical
research and research conducted under laboratory conditions. Research
in this area should be conducted. But a line must be drawn at broad-scale
field tests. The question up for discussion would be whether small-scale
tests would be permissible (a small number of square miles, a few tons).
At some point, decisions would certainly have to be made about the
scale, although a smaller sample size might mean neither logical nor scientific deductions could be drawn.

82

III		

CONSERVATION OF SCA RCE NATUR A L RESOURCES

The lesser-evil argument is trivial, dictating that it is always
better to choose the lesser of two unavoidable evils. One other question
is not quite as trivial: What would have to be done if one of the two evils
can be avoided? It is now up to the proponents of this argument to make
a more precise case for their position.

“When the topic of climate
engineering comes up, people
frequently react with expressions
of astonishment that ‘stuff like
that is actually being
considered.’”
The efficiency argument only gains traction if the costs associated with applying the sulfate option are compared with the costs associated with avoiding emissions. As soon as you start examining the (very
rough) cost-benefit analysis of climateengineering protagonists like Lee
Lane of the American Enterprise Institute (7), you run into problems. Frequently, indirect costs are considered to be difficult to quantify in monetary terms because of the effects on precipitation, harvests, the environmental system, etc. But using this as an excuse to leave these costs out of
the equation would be a mistake. In the end, the total that was to have no
monetary value would actually reflect a monetary number: €0. This gives
rise to another question: Why is attention being paid to this cost-benefit
analysis in light of all the objections to it?
In ethical terms, the easiness argument would be relevant
only if encouraging society to avoid generating emissions appeared to be
a seriously unacceptable option.
It is more than questionable if the go-it-alone argument
amounts to a pro argument at all. After all, the option of technically
advanced nations taking matters into their own hands is not a legitimate
reason. Rather, the possibility of unilateral action could tip this argument
from the pro to the contra side.
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On the other side, the risk-transfer, termination-problem and
moral-hazard arguments carry special weight. Under them, a society is
obligated to avoid unnecessarily creating potentially global dilemmas for
future generations. The use of sulfates to manipulate the climate is irresponsible as long as no exit strategy exists (4). But, here, the proponents
of these arguments disagree. While one side maintains that the sulfate
option should only be permitted for a certain amount of time, the other
side argues for continuous use if this option causes prevention efforts to
be reduced or stopped completely. The moral-hazard and informedconsent arguments are highly debatable. The latter rejects the legitimacy of
unilateral action or a coalition of the willing. The United Nations is the
appropriate forum for debates about climate engineering.
The loss-of-intangibles argument carries a lot of weight. And
the reason is clear: Scientists and professional politicians should not have
control over the environment. Humans should not view the problem of
the sky's color simply as a matter of aesthetic preferences. Here, too, the
voices of other people must be heard because the economics department should not be put in charge of decisions about the meaning of the
“lovely blue” above our heads (Hölderlin). Even though we produce smog
that changes the color of the sky over individual urban regions, this is no
reason to make a sweeping change to the color.

Conclusion and position
Overall, the solid arguments on the contra side outweigh those on the
pro side. The supporters of the management process have very few good
reasons to support their case. It remains to be seen whether they will
issue a cost-benefit analysis to be used as a basis for a decision. The pro
case would become more credible if prevention strategies fail in the
future. This possibility could prompt supporters of solar radiation management to pursue a potential strategy that would strengthen their position by actively preventing efforts to avoid emissions. It even raises the
question about whether supporter networks that take political action to
fight avoidance practices have not forfeited every moral right to carry
out solar management. In climate-policy terms, it would be particularly
fatal if countries like the United States or China banded together to
oppose ambitious strategies to prevent emissions and to encourage solar
radiation management. Given the Chinese tradition of technically manipulating the weather, this would certainly be a possibility.
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As his life was ending, Edward Teller, the “father” of the
hydrogen bomb and the strategy of nuclear deterrence, conducted
research into the area of solar radiation management. Teller and his
co-authors (8) argued the following case: “Active management of the radiative forcing of the temperature profiles of the Earth's atmosphere and
oceans by the Sun is an obvious gambit. Indeed, it's likely the most overall
practical approach to this particular issue.” In response, one should recall
the words of warning issued by the philosopher Hans Jonas. When it
comes to global-scale risks, he argued that people should listen to warnings and worst-casescenarios more than to the prophets of promise.
Given the uncertainties associated with solar radiation management, it
would be better to side with the prophecy of fear in Jonas than to join
the cause of the hope-espousing Teller. And, last but not least, we should
investigate whether there might be hidden political agendas of military-industrial enterprises standing behind such promise.
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In order to keep pace with the rising demand for food across
the globe, the planet's agricultural output must improve. The
greatest potential for increased food production lies not in the
fields and farms of industrialized countries, however, but in
those of the developing world. Yet, despite significant subsidization, the agricultural economies of these countries remain
largely underdeveloped.
The debate over the proper way to tap this agricultural
potential has been raging for years. Can new technologies help
boost crop yields while at the same time reducing the amount
of resources necessary for growing and harvesting the crops?
And can these technologies find their way into the hands and
fields of those who need them most?
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need for a new
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innovations”
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“All life,” the philosopher Karl Popper once said, “is problem solving.” For Popper, a driving force of progress was people's continuous push to try out new things to improve their lives.
This force has picked up tremendous speed thanks to modern science – in particular from the point companies began to lead the
way in the application of scientific knowledge to create useful products.
One milestone in this development was the emergence of the chemical
industry in the 19 th century. The sector began using new molecules to
produce synthetic dyes, later applying them in the production of medicines, crop protection products and plastics.
The industry's beginnings were humble. For example, the
two Bayer founders, Friedrich Bayer and Friedrich Weskott, opened their
small dye factory 150 years ago after having first carried out experiments
in their kitchens at home. But it would prove to be just the first chapter in
a long history of trailblazing innovations. Today, the need for inventive
problem-solving has never been greater. The good news is, the opportunities that science provides us to find these inventive solutions have also
never been greater.

“According to estimates, global
agricultural production would
have to at least double by 2050
if future demand is to be met.”
This applies to many areas, but one of the most important is
agriculture. Today, there are already about 900 million people in the
world who don't get enough to eat. And the situation will only get dramatically worse in the future: According to estimates made by the United
Nations, the world's population will swell from today's 7 billion people to
more than 9 billion by 2050.
At the same time, people in developing and emerging countries are expected to increase their per capita consumption of food as
their level of prosperity rises. And they will change their eating habits as
well, consuming more and more meat, for instance. This will lead to additional demand for feed because – depending on the type of animal husbandry used – it can take up to 10 kilograms of plant-based feed to pro-
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duce 1 kilogram of beef. On top of that, production of biomass fuel is on
the rise.

Agricultural production must double
Of course, it isn't possible to predict exactly how all of this will play out in
the future. But experts like those at the Food and Agriculture Organization of the United Nations (FAO) estimate that global agricultural production would have to at least double by 2050 if future demand is to be
met. And we will, at best, only have the current amount of arable land
available if we want to avoid expanding into natural areas that should be
protected.
There is simply no getting around the fact that farming productivity must increase so that significantly more can be produced from
existing land. To accomplish this, we urgently need more innovations in
agriculture, including new, effective and environmentally safe products to
control pests, weeds and plant diseases that pose a threat to harvests
around the world. These include chemical as well as biological crop protection products, which are now becoming significantly more important.
But we also need higher-yielding plants. This is an area where
biotechnology is showing great promise, having developed a broad range
of methods in recent years. These range from identifying relevant genes to
increase the speed of standard plant cultivation to modifying specific
genes and introducing foreign genes into plants. Such methods make it
possible to systematically cultivate new types of plants with the desired
and urgently needed characteristics – plants, for example, that produce
higher yields, resist particular pests, use less water and are more robust
when faced with stress factors such as extreme temperatures and flooding.
This is especially critical due to the threat of climate change.
Experts are warning that climatic changes in the coming decades will
negatively impact agriculture, adding yet another burden to the already
seemingly impossible task of doubling food production by 2050.

Apply biotechnology methods – despite
reservations
In light of these issues, it would be irresponsible to not employ the entire
arsenal of breeding methods – including the genetic modification of
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plants. However, this has met with a great deal of resistance in Europe.
As a result, the regulatory environment is so restrictive in Europe that
this technology, first developed in Germany, cannot reach its full potential here.
The genetic modification of plants has been safely applied
for more than 15 years now, and its use is continuously expanding. In
2012, for example, 17 million farmers in 28 countries planted genetically
modified seeds on cropland totaling 170 million hectares. All recognized
scientific studies confirm that genetically modified plants are just as safe
as conventionally cultivated ones. In countries where such plants are
grown, there are no scientifically recognized reports of damage to health
or the environment – and genetically modified plants are the most thoroughly researched plants in the world.
Biotechnology can make a significant contribution, but it is
certainly no silver bullet: The task of ensuring long-term food security for
the world's population calls for a broad range of solutions. These include
providing global access to currently available technology and farming
practices – especially in developing and emerging countries, where
according to estimates approximately 400 million to 500 million small
farms operate on less than two hectares of land.
These small operations must be part of any solution to the
world's food supply problem. Much has already been done to support
these farms and increase their productivity – including efforts made by
industry. In one reflection of this, Bayer had initiated 240 food-chain
partnership projects in more than 30 countries, especially in Asia, Africa
and Latin America by 2013. Through these projects, the company draws
together all relevant players – farmers, processors, exporters, importers,
wholesalers and retailers – to jointly implement specific strategies to
actually improve agricultural production.
For instance, in India, a country with millions of small farmers, automation and technical expertise is limited. Countless projects
there are providing agronomic expertise to help farmers produce better
quality foodstuffs in an environmentally friendly manner. A monitoring
and certification system is used in tandem to ensure quality. In return,
cooperation partners from the retail industry offer farmers higher prices.
Everyone benefits: Production increases, farmers earn more money and
buyers receive outstanding, internationally marketable goods whose
guaranteed quality and traceability strengthen consumer trust.
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Raise the level of education, improve
infrastructure
Such projects show that agriculture companies can play an important
role in boosting productivity in developing and emerging countries. But
this also calls for the support of political leaders: In many countries, more
money must be spent on education and roads need to be built to better
connect rural areas with urban centers. And legal systems have to be
improved: Guaranteed, enforceable property rights are often not in
place, resulting, for example, in the inability to use property as collateral
for bank loans.
Political leaders in industrial countries also need to act: They
should, for instance, take steps to remove agricultural trade barriers in
order to improve access to their markets for farm products from developing and emerging countries. This is probably the most valuable contribution industrial nations could make to improve agricultural development
around the world.
It is also crucial that more public money be made available
for basic research in agriculture: lf we want to leave our children with a
world in which all people have enough to eat, we need a massive surge in
agricultural innovation – and we have to use all available technology to
achieve the required increase in productivity.
But it is precisely on this point where opinions diverge. Many
people reject productivity-driven, “industrialized” farming because this
does not fit their idealized notion of life on a farm. The responses to a
survey in Germany reflect this: Only 39 percent of respondents said it
would be desirable for farmers to “keep up with technological advances,”
and only 36 percent said farmers should “take a business- and market-oriented approach in their actions.”
Such attitudes ignore the fact that high agricultural productivity plays a key role in modern economies, securing prosperity and making urban living possible. After all, this is the only way to produce enough
food at affordable prices with only a small percentage of the population
actively farming. The most important point, though, is the simple fact
that the approaches taken so far cannot guarantee an adequate food
supply for all of the world's population. We must reconsider our positions, including the wholesale rejection of such an important and helpful
tool as the genetic modification of plants. This is one of humanity's greatest inventions – it would be foolish to forgo the opportunities it affords
us.
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When people turn their attention to the topic of “agricultural productivity,” they need to keep a semantic difference in mind. “Productivity” certainly involves the production of goods, but it is
important to remember that production is only one – if generally the
most noticeable – aspect of productivity. Having forgotten this distinction, people are fond of using the term “production” and tacitly
assuming that it means productivity in general.
The core qualities that characterize the holistic approach of
Slow Food e.V. are “good, clean and fair”. In accordance with these qualities, “productivity” encompasses the entire range of services that farmers have been providing to our world for centuries.
Simply looking at the practice of raising and maintaining
domestic animals from a historical perspective shows that the multifaceted existential aspects of life are expressed by agricultural productivity.
Agriculture plays a key role in the development of traditions, knowledge
and eating habits. Agricultural productivity was also a decisive factor in
the human race's ability to overcome famine, a phenomenon that laid
waste to life on this planet for centuries. There is therefore no doubt that
the ability to produce significant quantities of food and remove the threat
of starvation from human life represents a fundamental aspect of agricultural productivity.
The goal must be to correct faulty ways of thinking in which
productivity is viewed simply as the production of goods. No one, not even
a conscientious restaurateur, seriously believes that farming is a blessed way
to earn a living. No one believes that farming in the Middle Ages was heaven
on Earth. And no one believes that the large majority of rural residents who
made up more than two-thirds of Europe's population in 1800 lived a life of
milk and honey, deprived as they were of means of communication, urban
cultural life and mass media. Rather, the conscientious restaurateur knows
that the foods that he or she enjoys are the result of a remarkable network
of farming and breeding as well as of culture and tradition.
The “green revolution” has indeed thrown cold water on
Malthus' prediction that food production would never be able to keep
pace with population growth. Statistically speaking, this revolution has
indeed enabled people to produce a surfeit of food and ensure that supplies are sufficient and safe. Unfortunately, resources are not distributed
evenly. The result is that the planet is filled with people with too little
food and people with too much food on their plates – tragically, in
roughly equal parts.
The reasons for this discrepancy lie in the combination of
enormously productive industrialized agriculture with the so-called free
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market. It is true that we have this market to thank for the capital needed
to fuel the research and development of agricultural products. But this
market is not a philanthropic soul. The damaging effects of this interplay
between agriculture and market are not just limited to the unequal distribution of food. It has also given rise to a number of serious problems,
including restrictions on the right to food sovereignty in developing countries. Land is scarfed up by deep-pocketed investors and is then used to
produce raw materials, including animal feed and biodiesel, for rich industrialized nations. When we focus solely on the production of goods, we
inevitably end up with an oversupply that robs the land of its necessary
balance. This, in turn, gives rise to productivism, the first commandment
of which is to boost short-term yields. The middle- and long-term fertility
of the soil is ignored in the process. Productivism preaches a doctrine of
continuously expanded production for products demanded by the marketplace. From its pulpit, it fails to see that these practices inevitably
result in monocultures and that these monocultures have well-known
agronomic consequences, particularly in regard to pest control. This
effort not only becomes more difficult and expensive, but also harms the
environment. In addition, the strong demand for and subsequent production of meat increase nitrate concentrations in the soil and lead to the
clear-cutting of woodlands. The planet pays the price for such actions
– the climate changes and the reserves of drinking water decline.
Proponents of productivism frequently speak in soothing,
seemingly convincing tones about “producing more with less.” When they
do so, though, they ignore a slew of problems. lf less land is needed for
production, then producers will use more fossil fuels. And if the need for
farm workers falls, the environmental footprint will expand. Every restaurateur with a healthy concern for agricultural productivity can only call
for the required balance to be restored, a balance that has been wiped
out by our rigid thinking and our fixation on mass production. In this
regard, a goal has been included in many parts of the strategic plan of
the European Innovation Partnership for Agricultural Productivity and
Sustainability that was launched in 2012 by the European Commission.
The objective is to return to the multifaceted values and centuries-old
functions of agriculture and to stop sacrificing them on the altar of productivism.
The presumed riches of our planet have continuously multiplied since humans began to breed animals and farm the land and since
they recklessly disregarded biodiverstiy in agriculture and foodstuffs for
the sake of satisfying market needs. In other words, since they began to
trample Earth's natural biodiversity by applying increasingly destructive
weapons and becoming ever more ruthless. But it would be more than
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foolhardy for humans to lose sight of biodiversity and restrict genetic
variety simply because this particular breed or that particular species no
longer appeared to hold any special allure to the marketplace. For who
knows whether this particular breed or that particular species will hold
the key to overcoming the disasters or famines of tomorrow – catastrophes that may be beyond the reach of our imaginations at the moment
but that could certainly befall us at some point in the future?

“The objective is to return
to the multifaceted values
and centuries-old functions
of agriculture and to stop
sacrificing them on the altar
of productivism.”
A dual-focused effort is required. On the one hand, we must
restore balance – which is what real, sustainable and long-term productivity is all about – and provide assiduous protection to plants and animals
that are the legacy of human history (a fact that does not mean that they
should tucked away in a museum). This must be teamed with a commitment to preserve the habitat of countless plants and animals on the other
hand, thereby perpetuating an invaluable gene pool. Failing to grasp this
need would amount to the same thing as assuming that the economy
could function without the environment – an absolutely absurd notion.
As we preserve our planet's natural treasures, which are also
an essential part of our cultural identity, we must hold a protective hand
over traditional knowledge and conventions, particularly regarding the
foods we eat. Eating is just as essential to survival as breathing is. But the
trait that separates humans from animals is their ability to structure their
own identity thanks to their understanding of actions – an understanding
that is far-reaching and not simply intuitive – that we perform repeatedly
and sometimes daily. Should we forget the symbolic value of food and its
anthropological importance, this would represent a loss in cultural terms
comparable to the loss of the world's biodiversity.
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The world's farmers form the first link in a value chain that has one
primary aim: To ensure that people have enough to eat. This is a
very clear but also very complicated mission, and one that is not
currently being accomplished. One billion people on this planet are
undernourished. They lack balanced diets or are simply going hungry
altogether. The situation is deteriorating as the world's population
grows and people in emerging countries develop a taste for new
foods.
The new middle classes in the rapidly growing megacities of
Asia, Latin America and – to a lesser extent – Africa want to see more
meat on their plates. However, it takes five to eight times as much cropland to produce a serving of meat as it does to produce of a serving of a
grain-based food. Furthermore, foods are facing competition: Plants are
being grown for other purposes, particularly to produce energy. This
form of agriculture, encouraged partly by subsidies, is being pursued
intensely in Europe, the United States, Latin America and parts of Asia.

“For the foreseeable future, the
human race will simply have to
produce more per acre than
before.”
At the same time, farming itself is being threatened: Urbanization plays a role here as well. The world's new megacities are mostly
spreading out into coastal areas and along rivers and the mouths of rivers
– areas that are normally very fertile for agriculture. Climate change
poses another threat to farming, by subjecting crops to stress. An emerging shortage of drinking water is related to this threat as well. Finally,
farmers are losing fields every year to erosion and salinization.
The unavoidable consequence of such rapidly deteriorating
conditions is that crop yields must be increased. The Food and Agriculture Organization of the United Nations estimates that harvests will have
to double in size by 2050 in order to feed the human race.
But improvements in farming yields must fulfill another condition: They must be achieved through sustainable methods. They should
not put too much stress on the soil, the environment, drinking water, the
climate or biodiversity. Humans must not “eat” their future. This issue
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has become so critical because it was ignored for such a long time.
Though it saved hundreds of millions of people from starvation, the first
green revolution came with a price. It polluted the environment, lowered
water quality, reduced biodiversity and even hurt farmers themselves,
whose health was damaged by the carefree way they applied chemical
fertilizers, herbicides, fungicides and insecticides. The second green revolution must truly be green.

The keys to higher production
What should be done? Generally speaking, there are two ways to increase
production. Either new fields must be cleared, or bigger yields must be
obtained from those fields already in use. Since the 1990s, cropland has
been significantly extended to meet rising demand. In theory, there is the
potential for new fields south of the Sahara, in portions of the former
Soviet Union and in Latin America. But the search quickly runs up against
a wall unless we are prepared to level tropical or subtropical forests, cultivate savannas and risk conflicts over the protection of biodiversity. One
appealing option is food production that needs no cropland at all. In a
study, Deutsche Bank Research speculates about a dramatic surge in the
significance of aquaculture, or underwater farming. But this will not solve
the main problem.
For the foreseeable future, the human race will simply have
to produce more per acre than before. There are two options in this
regard. The first is to put a jolt into agriculture. Farmers will have to use
more chemical fertilizers, more pest management and more water for
irrigation. This combination was extremely successful in the past, but
there isn't much left to be squeezed out of it today. Water is becoming a
limiting factor in more and more regions around the world.
Another phenomenon is rearing its head in industrial countries as well: the decline in additional yields. During the first decade of the
new millennium, the application of additional fertilizers and pesticides has
produced nothing close to the gains in yields seen in the 1960s and
1970s. More input does not necessarily produce more output. For
instance, the yields of the two key field crops, wheat and rice, have hardly
risen at all, according to the Göttingen-based agriculture expert Matin
Qaim. The increased use of these materials is also undesirable because of
environmental concerns. Up to 70 percent of chemical fertilizers do not
even reach the plants they are meant for. Instead, they remain in the soil
or sink into groundwater. This practice is therefore both inefficient and
environmentally destructive.
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However, it is necessary to differentiate between regions: In
some parts of Africa, a farmer will use only 20 kilograms of fertilizer per
hectare of cropland. This is one-tenth of the amount used by farmers in
northern Europe. Presumably, many small farmers in Africa could dramatically improve their yields if they employed more intensive agricultural
practices. But frequently, a number of key factors are missing, including
know-how, commercial incentives like market access, and, quite crucially,
the necessary funds.
The list of potential solutions is getting shorter. In the end,
the task of ensuring higher yields will fall to new technologies and new
types of crops. “Over the long term, yields will be sustainably increased
only if new types of crops and technologies are developed. They must be
adapted to local conditions and efficiently use limited resources,” the
agricultural experts Matin Qaim and Joachim von Braun wrote in an analysis for Rentenbank, Germany's development agency for agribusiness.
They identified three potential approaches. First, by using livestock feed
in a better manner, improved animal husbandry techniques would ease
the stress on cropland. There is a lot of potential here, particularly when
one considers that roughly one-third of cropland is reserved for forage
crops – and the trend line is pointing upward.
The second concept is precision farming. Given the knowledge and capital necessary for this approach to agriculture, precision
farming will presumably be more suitable for large agricultural operations. This method uses the aid of navigation systems and digital geographic information systems to plant seeds and apply fertilizer and pesticides in a manner that is precisely adapted to soil conditions. Ideally,
plants will get only what they really need. This is the first approach aimed
at reconciling high-tech methods with environmentalism. Ideally, a farmer
of the future will know what every square meter of field needs in the way
of nutrients to produce the best crops, and he will not put any more into
the soil than that. This would be beneficial.
The third approach: better types of crops, ones that would
adapt to geological and climatic conditions; be somewhat resistant to natural shocks like flooding or short-term droughts; reduce the use of fertilizers and pesticides, or keep their use down; possibly add vitamins or
minerals to the plants; and produce good yields. The hopes of the global
farming industry rest on the methods of modern plant breeding: genomics, marker-supported selection and, finally, genetic engineering. Initial
successes have already been achieved. The use of genetically modified
corn has not only boosted yields, but also led to the reduction of chemical insecticides in some regions. Reductions in insecticide application in
cotton farming have been even higher. But the technology comes with its
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own set of risks. Up to now, the technology has primarily focused on a
few plants, including corn, soybeans and cotton. Initial successes, some
of which are spectacular, have already been achieved. But it has been
found that the use of insecticides increases after a few years because
new insects have become more robust. Could new pest management
problems be created by genetic engineering processes? This question
must be explored by impartial researchers.

Hopes for organic farming

20 %

On average, an organic
farmer will harvest 20 percent less than conventional
farmers do.

Many people place their hopes in organic farming, which can accurately
claim to do less damage to nature and the environment than conventional
agricultural practices do. But this form of farming has tremendous yield
problems. On average, an organic farmer will harvest 20 percent less
than conventional farmers do. The gap narrows after organic farmers
have gained an extensive amount of experience and knowledge about
natural pest control methods. This illustrates a problem of organic farming that has failed to attract much attention. This form of agriculture
requires organic farmers to have more knowledge than conventional
farmers. Indeed, knowledge could be a factor that limits the spread of
organic farming.
Could the solution to the human race's food issues lie in a
form of organic farming that largely renounces the use of fertilizers and
pesticides but has no qualms about genetically modified plants that
promise to conserve natural resources while assuring high yields? And
one that stores the necessary knowledge about the right methods for
growing and cultivating plants in huge databases that a farmer in Uganda
can tap with a smartphone app in a pinch? This would be a type of precision farming for small organic farmers in Africa – and would be a solution
with narrative power.
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Biomass is becoming increasingly lucrative as a feedstock for
the production of chemicals and fuels. In the future, integrated
biorefineries will convert a variety of raw materials into energy,
fuel and a slew of different chemicals while generating zero
waste. That's the idea, at least. Should biomass play a greater
role as a source of fuel and chemicals than it has in the past?
New conversion methods could enable us to manufacture a
myriad of valuable products from raw materials, including agricultural, silvicultural and municipal waste.
Still, biomass is not without its critics. Countries such
as Germany primarily buy biomass on the international market,
so their attempts to “go green” come at the expense of others.
Another charge leveled against biomass is the “gas tank versus
dinner plate” argument, which takes issues with the fact that
crops grown for biofuel production take precious acreage away
from food crops meant for human consumption. Yet another
critique calls the carbon neutrality of biomass into question,
since its production requires fossil fuels. Finally, opponents
note the threat it presents to biodiversity. So what potential
does biomass actually have – both for Europe and for the rest
of the world? What opportunities exist for the chemical industry? Is biomass really the quintessential renewable energy
source? And what hidden costs does the rise of biofuel really
entail?
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Biomass is continuously produced through photosynthesis in the
amount of approximately 200 billion dry tons per year (1). About 45
percent of the biomass in weight – 100 Gtons – is composed of carbon, usually in the form of carbohydrates. This is a very large
amount of carbohydrates, roughly 10 times the total consumption of
fossil fuels per year (2). Biomass has been used for a long time to
provide energy, and recently has progressively found a new role as a
feedstock for more sophisticated chemical processing, such as substituting for oil in the chemical and petrochemical industry.
Proven reserves of fossil fuels (coal, oil and gas) – which
originated from biomass over many millions of years in the past – add up
to merely 800 billion tons (3). A very small fraction of the biomass produced by photosynthesis ends up as fossil fuels. However, fossil fuels will
not last more than 50-100 years at the present rate of consumption.
Replacements will have to be found, and the task ahead is to understand
how nature has converted biomass formed by photosynthesis into fossil
fuels in the past – a process which took a very long time – and reproduce
it today.
Even more urgent is the need to reduce greenhouse gas
(GHG) emissions. The use of certain biofuels (e.g., ethanol from sugarcane and, in some cases, from corn) can provide immediate help in
reducing GHG emissions due to powering transportation. Additionally,
the progressive substitution of oil for ethanol in the chemical and petrochemical industry can further help reduce emissions. Presently, fossil oils
are the source of most modern petrochemicals; hence, there are expectations that we will need a chemical industry that uses sugars and chemicals derived from plant-based feedstocks. Such chemicals can be the
by-products of biofuel industries or vice versa. For example, in Brazil in
2010, petrochemical company Braskem inaugurated its first plant, with
annual production capacity of 200 kilotons of “green” polyethylene from
sugarcane ethanol (4). This green polyethylene is sold at a premium price
over the petrochemical product for the automotive industry and other
international customers.
Approximately 1 percent of the biomass from photosynthesis, or 1 Gton/year, is used to supply the heating and cooking needs of the
2.7 billion inhabitants in poor rural areas around the world, simply by
burning fuelwood or forest and agricultural residues with primitive and
inefficient stoves as “traditional biomass.” This corresponds to approximately 10 percent of the world's total primary energy supply (5).
The modernization of biomass use is one of the great challenges we face, and there are already several methods for doing this,
both nonbiological and biological (3). Among the nonbiological processes
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is the direct combustion of wood and urban waste for the production of
heat and electricity in modern stoves and steam engines. The main biological processes are:
 naerobic digestion of biodegradable waste materials for the
A
production of methane;
F ermentation of sugars is the basis for the production of
ethanol from sugarcane, sugar beet, and from starch crops
(wheat and corn), used to replace gasoline in automobiles,
and biodiesel from oleaginous feedstocks (such as oilseed
rape, soybean, palm oil and jatropha) to replace diesel oil
and/or to produce other chemicals. This process is usually
referred as 1st-generation technology,
S accharification (through hydrolysis of cellulosic materials,
such as plants) followed by fermentation of the sugars – of
which cellulosic materials are made – to produce ethanol,
diesel and other fuels (2nd-generation technologies).
Fermentation for the production of biofuels (ethanol and biodiesel) in a
number of countries accounts for 3 percent of all energy used in transportation or 1 percent of all energy consumed (5, 6). In Brazil, where the
most successful large-scale demonstration of biofuels exists today, 18
percent of all the energy used in the country in 2011 came from modern
biomass (sugarcane) and about 23 percent of the transportation was
powered by biofuels (7).

“Biodiversity loss due to agriculture in general has occurred
since the beginning of large-scale
agricultural practices.”
The growth in the use of biofuels in the last 10 years has
prompted a lively debate about the advantages and potential negative
impacts of large-scale bioenergy production. An essential point to be
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considered is that not all bioenergy sources are alike. As usual, the devil is
in the details. The most important details are feedstock characteristics
and the particular process used to extract energy from them. The main
concerns about biomass conversion to produce energy and other goods
relate to:
L and use: Crops grown for biomass production might take
acreage away from food crops;
 HG emissions: Some biofuels can reduce GHG emissions
G
when used as substitutes for oil. The emissions benefits
depend on the particular feedstock, the conversion process,
and the characteristics of the land used for the feedstock
production.
 iodiversity and ecosystem threats: The dedication of large
B
areas for a monoculture can pose threats to biodiversity.
In the following each of these concerns will be addressed.

Land use and the fuel versus food competition
Arable land and permanent crops used 1,554 billion hectares of land in
2007 and this land use has been growing since 1961 at a rate of 0.27 percent per year, i.e., roughly 4.2 million hectares per year. In 2004 the area
used to produce biofuels was estimated by International Energy Agency
(IEA)(9) at 13.8 MHa, which amounted to less than 1 percent of the arable
land available in the world.
In the Reference Scenario of the IEA, 4 percent of road
transport will be powered by biofuels in 2030, requiring 2.5 percent of
the world arable area for biofuels by 2030. The “Alternative Policy” and
the “2nd-Generation Biofuels Case” scenarios imply the use of 3.8 percent
to 4.5 percent of the world arable area for biofuels by 2030. In the Alternative Scenario the participation of biofuels goes up to 7 percent. In the
2nd-generation biofuels case, biofuels contribute 10 percent of road transport energy.
South and Central America and Africa can have significant
land available for biofuels. lf 20 percent of this area comes to be used for
sugarcane at a productivity of 6,000 liters per hectare (equal to the productivity in 2008 in Brazil) the expected production will be 516 GL
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(gigaliters), approximately 20 times the production of ethanol in Brazil
(which uses only 4.8 million hectares of sugarcane for ethanol production). Such volume of ethanol would correspond energetically to 344 GL
of gasoline, equivalent to 27 percent of the total volume of gasoline used
in the world in 2010 (7).
Moreover, the productivity (liters per hectare) of both corn
and sugarcane, which are the feedstocks used by the main producing
countries (the United States and Brazil), is increasing rapidly due to
genetic traditional improvement and genetic modification. In the United
States, the production of ethanol (using corn) displaced soybeans, which
has raised concerns over a reduction in the amount of corn for export. In
reality the productivity of corn production has increased significantly
since 1961 at a rate of 1.89 percent/year and the amount of corn available
for food was not significantly affected (12). In Brazil, the second largest
producer of biofuels, the expansion of sugarcane plantations occurred
mainly in degraded pasture land in the southeast of the country far from
the Amazonia forest where sugarcane does not grow well. There were no
significant direct (dLUC) or indirect land use (iLUC) changes affecting
either food production or the deforestation rate of the Amazonia, which
actually declined in the period of rapid expansion of sugarcane plantations (13).
It is clear from subsequent analysis that iLUC concerns in
general were overblown (14). Ethanol production in the United States used
an area of 13.78x106 ha in 2013, approximately 6 percent of the total
world area for corn. In Brazil sugarcane for ethanol uses approximately
4.8x106 ha, 19 percent of the world's total for sugarcane. Worldwide, biofuel production used less than 36.1 million hectares, less than 3 percent
of area of the arable land in use in the world in 2013 (6).
Further expansion of biofuel production will also come from
the use of cellulosic materials converted into sugars through hydrolysis, a
technology (2nd-generation technologies) which is maturing rapidly.
1st-generation biofuels are especially interesting for developing countries
in Latin America and Africa, because these regions have available land
area. It is remarkable that 1st-generation biofuels can perform as
advanced biofuels and are recognized to be economically competitive as
a substitute for gasoline (15, 16).

GHG emissions
While GHG emissions avoidance obtained with selected biofuels varies
according to the feedstock used, the best performance is that of sugar-
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cane ethanol, which is as good as the one expected for 2nd-generation
biofuels. Land use change, however, also impacts emissions. These will
depend strongly on the particular situation considered. As an example, if
an area of tropical forest in the southeast region of Brazil was transformed into a sugarcane plantation, emissions of 209 Mg/ha would ensue.
On the other hand, putting a sugarcane plantation in a degraded pasture
area will save 19.8 Mg/ha of emissions. The Brazilian Land Use Model
(BLUM) has demonstrated (17) that the reduction in GHG emissions for
sugarcane ethanol in Brazil was expected to be between 60 percent and
69 percent, thus granting the inclusion of sugarcane ethanol in the category of Advanced Biofuels as defined by the U.S. Environmental Protection Agency (17). The similarity in GHG emissions reduction between sugarcane ethanol and 2nd-generation biofuels translates into a large
advantage for sugarcane ethanol in terms of cost per unit of GHG emissions avoided. However the costs per unit of GHG reduction can be very
different.

Biodiversity loss
Biodiversity loss due to agriculture in general has occurred since the
beginning of large-scale agricultural practices, and large uniform plantations of corn, sugarcane, or other energy feedstocks add to this concern.
In regions where the agricultural frontier is still expanding, increased
attention is given to such concerns as to whether the expansion occurs
for food or for bioenergy production.
Governmental regulation and enforcement of good practices
are of paramount importance in this respect. As an example, consider the
area of the world where most sugarcane expansion took place in the last
20 years, i.e., the state of São Paulo in Brazil. Environmental concerns
were addressed by a comprehensive ecological zoning based on 151,000
records of 9,045 species as well as landscape structural parameters and
biological indices from over 92,000 fragments of native vegetation. Two
synthesis maps identifying priority areas for restoration and conservation
were defined through specific legislation (19). While the sugarcane area
expanded from 7 percent to 19 percent of the state's territory, forest
cover grew from 5 percent to 11 percent (20). The Brazilian federal government followed suit, and defined a national agro-ecological zoning map
that prohibits sugarcane expansion to areas that are priorities for biodiversity conservation and restoration.
Overall, the Royal Society (21) summarizes precisely the point,
stating that the overall risks and benefits (of bioenergy crops) for biodi-
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versity must be appropriately evaluated for any potential bioenergy crop.
Its report recommends that potential bioenergy crops be evaluated by
using a risk assessment framework covering the following points:
the full life cycle of biofuel production;
the invasiveness potential of the crop;
t he potential interactive effects of the biofuel crop with
other pressures in the area (such as for example, drought
stress);
the impacts to ecosystems;
changes in these risks under a future climate.

Conclusion – the ethical imperative of biofuels
A powerful synthesis of the perspectives for the challenging opportunity
of producing energy from agriculture was achieved in a study performed
by the Nuffield Council on Bioethics, an independent body that examines
and reports on ethical issues in biology and medicine in the United Kingdom (22).
The council derived six principles which can be used to help
policy makers to come to decisions about which path to pursue. The first
five principles specify the conditions that should be met for biofuel development to be permissible. These are:
 iofuel development should not be at the expense of peoB
ple's essential rights.
Biofuels should be environmentally sustainable.
 iofuels should contribute to a net reduction in total greenB
house gas emissions and not exacerbate global climate
change.
 iofuels should develop in accordance with trade principles
B
that are fair and recognize the rights of people to just
reward.
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 osts and benefits of biofuels should be distributed in an
C
equitable way.
The Council then considers whether in some cases there may be a duty
to develop biofuels and frames such consideration as a sixth principle:
lf the first five principles are respected and if biofuels can
play a crucial role in mitigating dangerous climate change
then, depending on additional key considerations, there is a
duty to develop such biofuels.
The synthesis provides a guideline for the development of biofuels. It is
our conclusion that developing sustainable biofuels for development is
mandatory.
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At first glance, the use of biomass as a fuel or for the production of
bioplastics sounds exceedingly alluring. Turning plants, cereals or
biowaste into fuel or other products could be a solution to the
knotty problems associated with fossil fuels – their increasing scarcity and their role in CO2 emissions that heavily pollute the environment. However, even before the introduction of the E10 biofuel, the
use of biomass came under fire because the production of biomass
itself generates CO2, and in no small amounts either. And, lastly,
cultivable land that is required for producing food is lost.
lf you need proof about the significance of the bioeconomy,
you need look no further than the German government in July 2013. The
Cabinet enacted a new bioeconomy strategy. Its aim: to boost the biobased economy in Germany and reduce dependence on fossil fuels. Germany must move away from oil, Agriculture Minister Ilse Aigner said at
the time (1). Instead, she said, we have to learn how to better use what
nature offers. The government has been using the new strategy to help
the country shift its raw materials base – away from oil to plants.

“The vision of a bio-based economy is still highly topical.”
A bioeconomy is understood to mean an economic system
that is based on the sustainable use of biological resources like plants or
microorganisms. To enable this system to operate, highly innovative technologies are required. The bioeconomy affects a number of areas like
agriculture and forestry, horticulture, fisheries and aquacultures, plant
cultivation, numerous sectors like the food and beverage industry, as well
as the wood, paper, leather, textile, chemical and pharmaceutical industries, right up to members of the energy industry. Bio-based innovations
also give impetus to traditional sectors, including the commodity trade
and the food trade, the IT sector, mechanical and plant engineering, the
automotive sector as well as environmental technology. Between 2010
and 2016, €2.4 million were made available as part of the German government's “BioEconomy 2030 National Research Strategy” for research into
implementing a knowledge-based bioeconomy. The diversity of the bioeconomy is enormous, and comparable with the diversity of nature.
Apart from classic elements like wooden furniture, which are also part of
the bioeconomy, products of the bioeconomy now include ideas and
innovations like tanning agents made from the leaves of the olive tree,
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aviation fuel made from algae, an engine cover made almost entirely of
bioplastic, or cellphone cases made from cellulose and clothing made
from lactofibers. Even bio-based bullet-proof vests are set to be available
soon.
The bioeconomy is already an important economic factor.
Today, in key industrial sectors, including the chemical and pharmaceutical industry, but also the energy sector or agriculture and forestry, products from biological sources are generating sales of more
than €2 trillion (2) in Europe, according to data from the independent German Bioeconomy Council. With some 22 million
jobs, the bio-based economy is already firmly established in
the European labor market (3).
However, the explosive force that this topic
currently harbors is at least as mighty as the opportunities
With some 22 million jobs,
associated with biomass as a carrier of renewable energy.
the bio-based economy is
already firmly established in
The use of biomass as a significant element of Germany's
the European labor market.
Energiewende – the transformation of its energy system – is
coming under criticism: lf factories require greater amounts
of raw materials to produce increasing amounts of such
things as bioplastics for PET bottles, this will put a strain on the fertile
land and woodlands that are supposed to supply the people of this Earth
with food.
Since the E10 biofuel was introduced in Germany and thus
the use of biomass as a motor fuel was put onto the social agenda, a
“pump-versus-plate” conflict has also been brewing. In the opinion of
many experts, the large-scale cultivation of biofuels is endangering food
security in many developing countries. lf an increasing portion of the
agricultural plants available globally is used to make fuel for cars in industrialized countries, biofuel will become a direct competitor with food
production for the poorest of the world. For example, the corn that is
used to produce biofuel could also be used to feed people.
According to a trend analysis carried out by the organization
Germanwatch on global food security, worldwide production of the staple foods like wheat, corn and rice has risen faster than the global population since 1989. Hence, food supply per capita also rose – theoretically.
In practice, however, cereals were used in huge amounts as animal feed
and for biofuels (4).
A statistic provided by the Food and Agriculture Organization of the United Nations (FAO) states that global bioethanol production quadrupled between 2000 and 2009, while biodiesel production
increased tenfold.

22
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The German National Academy of Sciences Leopoldina also
publicly criticized the use of bioenergy. In a study, it came to the conclusion that bioenergy cannot make any quantitatively significant contribution to the energy turnaround either today or in the future. Thus, with
the exception of the use of biowaste, the development of bioenergy was
not worth striving for (5), it said.
A further topic is broached in the study, an issue that should
actually support the use of bioenergy – the reduction in greenhouse gas
emissions associated with it at first glance, which should benefit the climate. Biomass is frequently described as climate-neutral because exactly
the same amount of energy is released by its use as the plant absorbs the
air during its growth by photosynthesis. However, this calculation does
not add up. In order to obtain biomass – and these factors have to be
taken into account from an integral viewpoint – machinery is needed,
pesticides are used, and fertilizers are applied. And to do this, fossil fuels
are currently utilized. In addition, the transition to biodiesel or biogas is
based on processes that require more energy. Furthermore, the German
Environmental Agency pointed to the environmental costs that would
arise if more arable land were used worldwide to cultivate maize or grain
to produce biofuel (6). This development would occur to the detriment of
biological diversity, it says.
Nevertheless, great opportunities are waiting to be tapped in
the bioeconomy, particularly for the chemical industry. Plastics, lacquers
or adhesives, as well as many important semifinished goods in the chemical industry, are still made primarily from oil. Worldwide, chemical companies are already working on ways to replace oil with renewable raw
materials. In bench-scale testing, some of these new processes, which are
supposed to do without food and feedstuffs, already work very well.
However, the use of renewable raw materials on an industrial scale is a
considerable feat both financially and technologically, even for large companies.
Despite this, the vision of a bio-based economy, with a
diverse range of products that feeds the world adequately and healthily
and supplies it with high-quality products from renewable raw materials,
is still highly topical. This vision is fueled by the development of an innovative knowledge society that adopts the results produced by life and
technology sciences and regards biotechnological advances and globalization as opportunities. Only then can the possibilities of the knowledge-based bioeconomy be used optimally and turned into sustained
economic growth.
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Biomass is constantly being produced by photosynthesis. As a
renewable carbon carrier, it has well-known characteristics that
allow it to largely act to as a substitute for fossil raw materials. But
it is exhibiting new characteristics, qualities that produce both benefits and criticism.
Biomass constitutes a significant potential resource for the
substitution of both fossil energy carriers and fossil raw materials for the
chemical industry – and, with this bio-based economy (bioeconomy), it
forms an important building block for a future “green economy.” Or so
the story of a sustainable world of the future goes. However, closer
inspection reveals that the performance for photosynthesis is low – on
the same amount of space, photovoltaic cells produce 100 times more
renewable electricity. At the same time, biomass use affects carbon and
nitrogen cycles – the biodiversity of natural areas and the planet's ecosystem. Where then should there be space for yet another use of biomass for new chemicals and energy carriers?
Concepts for the combined production of chemical raw
materials and energy carriers in the form of modern bioeconomy hubs
could be the answer. Practical experience is showing us the way forward.
In the chemical triangle of Halle/Leipzig/Leuna, the “BioEconomy Cluster
of Excellence ”(2) funded by the Federal Ministry of Education and
Research has taken shape. This is a research and development network
that is developing a model region for bioeconomy based on beechwood.
Its core area of expertise is the development, scaling and application of
innovative processes as well as the production of bio-based products for
various sectors of industry, driven by energy carriers from the resulting
residual material flows. Processes are being developed and demonstrated
here for the time when increasingly scarce fossil raw materials, primarily
oil, are no longer available.

Unique accompanying research
In addition, the BioEconomy Cluster conducts accompanying research
that analyzes the economic and environmental effects of this economic
system that is based increasingly on biomass, and develops vital control
instruments. Apart from the edge in technological knowledge, expertise
in socioeconomic integration and in the management of an evolving biobased economy is being developed. This complexity is a unique feature of
the cluster of excellence.
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With around 11 million hectares of forest, about onethird of Germany's surface
area is under forestation.
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The cliché that change always creates new opportunities
applies particularly to the future bioeconomy system. A redistribution of
raw material and monetary flows will occur. Up to now, formidable sums
of money have been flowing into oil- exporting economies. In the future,
this money could make its way into regional value chains. These economies start with the provision of raw materials on-site by the around 2
million forest owners (3) in Germany. New production processes are creating new job descriptions and qualification profiles for employees, for
which new training opportunities must be created. Biogenic raw materials
that were hardly or rarely used up to now are being tapped from waste
and residual material flows. Closed-loop recycling management is becoming significantly more important. Regional supply saves transport energy
and thus helps climate protection.
Apart from the possible opportunities that the change in the
raw materials base holds, the status quo should be examined again in
greater detail using the example of forest biomass. With around 11 million hectares of forest, about one-third of Germany's surface area is
under forestation (3). Germany is a country in a temperate zone with sufficient precipitation and distinct seasons. Deciduous trees and shrubs
flourish best here. The natural form of vegetation would be vast beech
and deciduous forests that would cover almost all of Germany. Being
what are termed climax tree species, they are ideally adapted to the local
climate and thus robust against pests and meteorological effects. However, two-thirds of the current forest structure features coniferous trees
and only one-third deciduous trees. lf the forests were allowed to grow
naturally, this ratio would be reversed. Because coniferous trees have
straight trunks and a relatively early harvest time, coniferous trees were
planted for decades after World War II, some in less than ideal locations.
This regularly leads to considerable storm damage and less resilient forests, which are also threatened to a greater extent by climate change than
would be the case for forest communities that occur naturally in these
locations (3). This is why a strategy has been pursued for some time in
Germany to increasingly plant native tree species in order to increase the
forests' adaptability. For this reason, the available amount of deciduous
wood will continue to increase in the coming years. However, in terms of
the entire stock of deciduous wood, only around 40 percent to 50 percent is currently being used. A large proportion of the beechwood used
goes to firewood or to the energy sector as charcoal.
Hence, a raw material base and a promising initial nucleus
are at hand in the BioEconomy Cluster of Excellence for developing an
initial bioeconomy region. However, a glance at the enormous number of
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fossil-based products, and particularly energy carriers, quickly shows that
wood alone cannot cover the needs of an economic system that is to a
large extent bio-based. The availability of biomass is limited, and it must
be used primarily to feed us and must be generated and supplied sustainably.
In order to design a sustainable transition into the bioeconomy, various conditions must therefore be created. These conditions
especially require the prudent handling of limited resources, meaning
space-saving supply. This includes the increased use of residual materials,
in the sense of combined and cascade concepts, the targeted use of the
synthesizing capacity of certain organic compounds in biomass production as well as its resource-efficient use as a raw material for chemicals
and an energy carrier.

“A redistribution of raw material
and monetary flows will occur.”
“Protect what already exists, initiate the new,” must be the
ambitious motto for the use of biomass in the future. Yet, while the list of
demands for sustainable biomass use can be drawn up quickly, realizing
them is studded with pitfalls. The sustainable supply of biomass is several
times more expensive than the raw materials supplied in large-area monocultures, environmental and social effects are often brought to bear
locally (for example deforestation), and the future availability of potential
raw materials is hard to estimate. Good reporting systems and self-learning strategies must be established parallel to the further development of
technologies to implement biomass into new materials and different
forms of energy.
lf this succeeds, the chemical sector in particular will profit.
In the past 150 years, this industry has fundamentally improved life on
our planet with numerous innovations on the basis of fossil raw materials
and energy. The successful chemical sector locations of the future will be
characterized by the integrated use of biomass in the form of material
and energy. The BioEconomy duster of excellence is a first, but impor
tant, step in this direction.
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Many countries worldwide struggle with insufficient drinking
water, wastewater management and achieving basic levels of
sanitation. These problems leave disease, poverty, environmental destruction and economic stagnation in their wake. lf
there is not a fundamental change in current patterns of water
consumption and distribution, over half of the world's population will suffer from water shortages by 2015. Nevertheless,
there have been some positive developments: In 2013, 1.6 billion more people had access to clean drinking water than just
20 years ago.
In addition, new technologies are making water treatment faster and more affordable.
The UN defines access to safe drinking water as a
basic human right. What will it take to secure the global water
supply and ensure everyone has access? What problems and
hurdles do people face around the world? What can be done
to solve them? Will we face a long-term “war for water”?
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Today's drinking
water problems –
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collaborative
development
policies
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Access to potable water represents one of the central problems facing development work in our age. Even though significant progress
has been made over the last two decades, there are still as many as
1 billion people on Earth who do not have access to water that even
comes close to being considered safe to drink. This situation leads to
serious diseases and increased mortality rates – particularly among
children.
The poor quality of drinking water is not the only problem
troubling the governments of many countries – especially those in eastern
Asia and sub-Saharan Africa. Water scarcity is also threatening an increasing number of places around the world due to overuse of the resource:
Territorial disputes over the water flowing through the Nile, Euphrates
and Tigris rivers as well as the Lintani and Jordan rivers have added a
political security dimension to this problem. On the other hand, the water
supply in industrialized countries is largely secured, even if the water
mains and pipes running through central European cities have certainly
seen better days and call for investments in the billions. In southeastern
Europe, poorer populations in particular struggle to pay their share of the
rising fees needed to fund the implementation of better quality standards
for drinking water and a nearly comprehensive sanitation system.

Water for billions
The problem of limited access to potable water has been both on the
political agendas of most affected countries' governments and an element of development cooperation for many years now. Goal No. 7 of the
UN Millennium Development Goals stipulated, in part, that the proportion of the population without sustainable access to safe drinking water
should be halved by 2015. While some countries like Tanzania and
Botswana reached or even surpassed this goal, other countries like Mali
and Zambia are making slow progress, and things are basically at a standstill in Mauritania, Niger and Chad.
There are a wide variety of reasons for the ongoing precarious drinking water situation that the many millions of people in the countries mentioned above are facing. At the political level, much of the blame
lies with poorly run governments that fail to allocate any money to developing the water supply system and that even hinder projects sponsored
by international donors. In Niger, for example, hardly anyone pays taxes
– the little money that does trickle in to the government is quickly lost to
endemic corruption. In any case, no sufficient funding is left to secure a
steady supply of drinking water.
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Poor government leadership can be found at the municipal
level as well, where people live out their lives and must be provided with
resources on a daily basis. Granted, international aid may finance, for
example, a water-supply site. But all too often, no one feels responsible
for it after that. As a result, new wells quickly fall into disrepair, hand
pumps break and small central supply systems – usually ones available for
public use – lose their functionality due to scarce fuel and a lack of
upkeep.

“Without any new developments
or the billions in investments
necessary to replace defective
water-supply systems or install
new ones, most drinking water
in the third world will continue
to present health risks.”
Collaborative development projects have been more or less
successful in their attempts to compensate for absent state accountability with citizen-led initiatives. With this system, donors support the formation of local user committees that take over the operation and maintenance of new water systems. Despite the poverty of those involved, this
often seems to work quite well. However, there is a chance that it may
not succeed, particularly in places where, for example, people lack a basic
understanding of water hygiene and what causes water-borne illnesses. lf
this is the case in areas with access to alternative, often heavily polluted
water sources, the new systems with their good drinking water are often
no longer cared for, and people continue to use the old water sources.
Nevertheless, despite the many problems and often exceedingly difficult conditions, there have been major successes to report when
it comes to the supply of water. But, as nice as that sounds, it is actually
these successes that are making it increasingly more difficult to “close the
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gap” for the last billion people. It's not hard to understand why both governments and charitable initiatives have focused their efforts on regions
and situations where they could expect the fastest and most cost-effective successes. In recent years, significant progress has been made to
secure the water supply of cities, rural towns and clustered villages.
Particularly in Africa, however, many people live in small
settlements or on remote farms. The lower the population density of the
settlements, the more expensive it becomes to bring clean drinking water
to these areas. On top of that, informal settlements have been built in
the outlying areas of many large cities – and not only those in Africa.
Often illegally established, these settlements are not connected to the
local infrastructure and will also need to receive drinking water and basic
sanitation. Existing supply systems are often completely overwhelmed
and in need of considerable investments to provide even just public
standpipes to the 90 percent of residents not connected to a major water
supply in an African metropolis like Mwene Ditu in the Democratic Republic of the Congo.
Another of the numerous problems with closing the gap is
the fact that a majority of the people who still have no access to drinking
water are among the poorest in their respective countries. In order for the
hand pumps, standpipes and integrated supply systems to be sustainable,
however, either the state, the users themselves or both need to come up
with the means to operate, maintain and, ultimately, reinvest in the equipment. The poorer the people are, the fewer the resources they generally
have at their disposal. And it's clear to see why: The social security systems in most countries are either nonexistent or woefully insufficient, and
in only very few cases can or will the state step in to cover the costs.
Policies governing the supply of drinking water in impoverished countries continue to face a complex problem that cannot simply
be reduced to technology-related aspects, but must take into consideration issues connected with governance, social security systems and, of
course, sociocultural influences.
In terms of technology, several areas related to the urban
supply do, however, pose a problem in third-world countries. In megacities like Calcutta in India or Cairo in Egypt, the pipe systems are completely overwhelmed; many are decrepit, and the degree of illegally drawn
water is immense. To combat infections, chlorine is added to the water,
which negatively affects the smell and taste. But for large portions of the
system, chlorination is not even an option because the water treatment
plants just don't have the capacity. For example, Calcutta at best pumps
coarsely filtered water for individual neighborhoods into its pipe system.
The result is a soupy sludge infested with bacteria.
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Solutions in which small amounts of chlorine are combined
with silver ions are extremely expensive. The same is true for reverse
osmosis. Same experts are placing their hopes in solar water treatment in
the form of, for example, pasteurization – either through heat or UV light
treatment. It would, however, be difficult to inexpensively treat the quantities of water required by large cities in poor countries using these methods. Research into numerous other mechanical and chemical treatment
solutions continues, but has not met with much success. Without any
new developments or the billions in investments necessary to replace
defective water-supply systems or install new ones, most drinking water
in the third world will continue to present health risks.

Portable water for Mayo Kebbi
But what can be done to improve conditions in a region at least enough
that the population can gain access to a few liters of clean drinking water
each day at a somewhat reasonable distance from their homes? How can
a drinking water project be implemented in places where there is no
effective government to speak of and government officials take absolutely
no responsibility for their own people? What kinds of problems emerge
when implementing a project in which, for the previously mentioned reasons, it is only possible to work with the local population and not with
any responsible external partners?
The complexity of a rural drinking water project is evident in
the example of a German hand-pump project in the Chad province of
Mayo Kebbi. With financing from KfW, the German government-owned
development bank, roughly 400 wells were drilled and outfitted with hand
pumps in central Africa's Sahel region between 2005 and 2011. This has
provided up to 200,000 people with their first access to clean drinking
water. In the initial stages, villages of between 250 and 2,500 people were
targeted, although the capacity was later adjusted to account for specific
emergency situations.
Experiences from other countries in the Sahel region show
that hand pumps installed in conditions similar to that in rural Chad can
be an adequate technical solution. But these same experiences have also
shown that it is important to select a good pump, most importantly only
one kind of pump, otherwise it proves difficult to find replacement parts.
From among the many dozens of pump models offered on the global
market, the India Mark II has proved to be particularly versatile and effective. The pump used in the project was revamped in Germany on the
basis of this model using a noncorrosive steel version.
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The Chad government's lack of responsibility in ensuring a
supply of water to its rural populations shaped the planning not only in
terms of technical design, but also for the project's operational concept.
Because the local population had to take sole responsibility for the
installed pump without any assistance from the government, it was
essential that a long-term support structure be created – that is, an organization to guarantee operation and maintenance at the local level.
This was the inspiration for establishing so-called user committees that would be responsible for pump operation and maintenance,
including all financial aspects, on behalf of the local population. Wherever
possible, these committees were based on existing organizational structures – village groups that already existed – and therefore leveraged the
local population's knowledge. Involving women, who are responsible for
obtaining water in Mayo Kebbi, was particularly important here. Because
it would have been impossible to have maintenance workers drive 450
kilometers from the capital city of N'Djamena to repair breakdowns of
any of the hundreds of wells in Mayo Kebbi, additional local experts had
to be trained to keep the pumps in working order. It was also necessary
to organize a sustainable local supply of replacement parts that could be
handled by local merchants.
In implementing the project, it became evident that many
villages already had trouble coming up with the €175 for their financial
contribution. At the same time, some village leaders resisted letting
women serve on the committees. On top of that, the roughly 800,000
people in Mayo Kebbi belong to about 20 separate ethnic groups who
speak more than a dozen different languages. Finally, there was the question of how keep the water clean – problems arose in the transport of
clean drinking water from the well and, in particular, in the storage of
water once it was brought home.
It was possible to eventually solve many of these problems
by taking a particularly sensitive sociocultural approach, by involving as
many members of the local population as possible, and by bringing in
Christian and Muslim authorities. In 2012, one year after the project
ended, the Chad coordinator was able to report back to Germany that
almost all hand pumps were in working order and actively being used.
But: This example points to the difficult problems that persist in many regions around the world. For many people, the things we
take for granted – that water flows from our faucets, hoses and showerheads, at any time, at any place – are still just a dream.
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Drinking water is the most important life-sustaining substance on
this Earth. But this precious resource cannot always be found in all
regions of world, even though the United Nations has declared
access to it to be a fundamental human right. European companies
could step in and provide mobile water-treatment systems, among
other forms of assistance. But the problems and barriers remain
high.
Water is essential to all life on our planet. Drinking water is
one of the world's most critically important issues. The United Nations
has even declared access to it to be a human right. Looking at it from this
perspective, the comprehensive global provision of drinking water represents one of the future's greatest challenges. The groundwork for this
effort was laid by the Guidelines for Drinking-Water Quality issued by the
World Health Organization. Countries that lack national drinking water
regulations follow these guidelines. On the surface, everything appears to
be neatly regulated. Below the surface, though, problems lurk – in the
form of implementation-related logjams. After all, legal regulations and
government oversight are necessary to secure clean water supply.
Within the European Union, Council Directive 98/83/EC governs “the quality of water intended for human consumption.” The drinking water regulations implemented by individual EU members are based
on this EU directive. In this regard, one could call Germany the land of
“drinking water and honey.” Thanks to its Trinkwasserverordnung (Drinking Water Regulation), Germany has assumed an exceptional position in
the world. The latest version of this law at time of printing, dated December 14, 2013, guarantees that the national supply of drinking water will be
physicochemically pure and germ-free. Outside Europe, however, finding
potable water can frequently present a challenge.

Political failures, corruption and low priorities
The reasons for this are complex. The essence of the problem is often
tied to geographic and climatic conditions. But political failures, corruption, low priorities attached to the value of water, socioeconomic factors,
little regard for the environment and a lack of know-how cannot be overlooked as factors that contribute to the insufficient provision of drinking
water or the complete lack of it.
The situation is particularly troubling in Africa and Latin
America. Urban regions do have access to good drinking water systems.
But no one drinks the “drinking water” that comes from the tap. Instead,
people prefer to buy expensive bottled water. Municipal drinking water is
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generally used for personal hygiene. These regions do have water treatment plants operated by qualified personnel. But the technologies used
by these facilities do not meet European standards. Energy efficiency,
process engineering and safety rules frequently trail behind Europe. Public monitoring of drinking water quality is also not conducted uniformly. A
benchmarking of water companies is not widely practiced, and no system
for continuous process optimization has been put in place.

“The water reserves on our
planet are limited. Increasing
demand from industry and
agriculture, combined with
pollution, poses a major threat
to good drinking water.”
This situation gives rise to the following questions: What has
to happen before we can secure a supply of good drinking water for the
underprivileged citizens of emerging and third-world countries? This is
primarily a job for regional political leaders and the respective local
authorities. The election campaign season is a prime time for making
promises to provide healthy drinking water to everyone in remote areas.
But these are rarely kept. When decisions are made to improve access to
water, the research and planning associated with the work are either
done improperly due to a lack of know-how or take far too long.
These problems must be addressed in the affected countries. Nonetheless, German companies can do their part to improve the
situation. Membership in or a relationship with networks or organizations
like the German Water Partnership (GWP) and the German Society for
International Cooperation provide opportunities to identify projects that
need assistance. The costs of such projects are formidable. But financial
support is available from the German Ministry for Economic Cooperation
and Development and the German Investment and Development Society,
a subsidiary of the KfW bank group. One very practical form of project
work is a public-private partnership program. The German Investment
and Development Society helps German and European companies work-
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ing with local water providers as they plan PPP projects and provides
expert consulting services in all phases of the implementation work.
It is vital that international drinking water projects incorporate comprehensive research that includes local data collection. When
selecting a site for facilities, this means obtaining information about
water sources and energy supplies as well as analyzing the water. Furthermore, the limits set by local drinking water regulations must be observed.
German companies can contribute their globally respected specialty
knowledge about the treatment of drinking and process water to such
projects. Such methods as simple filtration, membrane technology and
chemical processes can be used for water treatment. Frequently, hybrid
processes are employed. This approach combines biological processes
with physicochemical or solely chemical treatment methods to eliminate
undesired contaminants. The myriad arrangements of stacked individual
processes are defined through qualified analysis. Water treatment cannot
fulfill its purpose without exact information provided by water analysis.
The ideal process can be determined only after the facts
have been obtained. Most importantly, there is the question
of what size facility would be appropriate. Europe relies on a
central water-treatment system that uses extensive networks
of pipes. But due to the great distances that often need to
Water losses caused by leaks
be covered in emerging and third-world countries, this
exceed 50 percent around the
approach does not always make sense there. Water losses
world. In some regions, the
caused by leaks exceed 50 percent around the world. In
level can reach as high as 75
percent to 80 percent, although
some regions, the level can reach as high as 75 percent to 80
a large portion of that figure is
percent, although a large portion of that number is the
the result of water theft.
result of water theft. It also makes little sense to supply people with water by way of tanker trucks that travel long distances from central water facilities. In keeping with the motto “produce
drinking water as close to the user as possible,” the answer seems to lie in
a decentralized water supply system with small, maybe even mobile drinking-water treatment units. In terms of operation, many practical solutions
can be used.
Every technical unit must be monitored. Long-distance monitoring that transmits data and collects it at a central site is a sensible
option because the distances are so great in these regions and an adequate number of qualified technical personnel is generally unavailable.
One benefit of this approach is that many small units can be centrally
monitored. Furthermore, effective maintenance and repair schedules can
be drawn up, resulting in a service that is provided systematically. This
standalone principle has proven itself time and time again. It can be used
worldwide. In applying this concept, though, attention must be paid to

50 %
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the transfer of know-how because the operating personnel must receive
initial training and then complete regular follow-up courses.
Once the technical side of drinking-water supply is in place,
local officials must set up a fee system that everyone can afford. Its place
as our No. 1 form of nourishment will be assured only if water is assigned
an economic value within a sensible framework. For this reason, it must
be assured that people will use it sparingly. But that is not all: In addition
to conservative use of drinking water, sustainable resource practices
involve the protection of the environment and natural reservoirs. The
water reserves on our planet are limited. Increasing demand from industry and agriculture, combined with pollution, poses a major threat to
good drinking water. For this reason, it is important that children learn
about the proper way to use this resource both at home and at school.
Only access to healthful drinking water for every person will safeguard
life on our planet and prevent water from becoming a source of conflict.
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The question of water supply and wastewater management is still
one of the most urgent problems facing humanity. Even though
many projects have been created to supply clean drinking water
particularly to developing countries, many hurdles remain – especially political ones.
From a historical perspective, industry has brought high
standards of living and good health to the human race. It has done so by
developing increasingly efficient technologies and production processes
as well as by employing ever more effective materials, chemicals and
medications. However, these strides have subjected the aquatic environment to stress by removing water from this system and then pouring
wastewater back into it. In addition to industry, farming, residential areas
and urban spread have helped exacerbate the problem. As standards of
living have risen and quality of life has improved, growing populations
consume increasing amounts of water and then produce more and more
wastewater.

Decoupling production and consumption
This has fundamentally changed with the decoupling of production and
consumption. Today, industry is advancing solutions that replace harmful
chemicals with harmless ones, introducing water-saving technologies or
making it possible to efficiently treat wastewater and increasingly recycle
it. In global competition, the specific costs (measured in euros per cubic
meter and in euros per prevented contamination unit) have been reduced
by a high double-digit percentage range. Nevertheless, consumers must
pay far more for clean water than they once did due to stricter requirements (such as environmental regulations, occupational safety rules,
societal responsibilities and, above all, taxes).
This is the situation in Germany and in many other developed industrial countries. By contrast, developing and emerging countries face enormous problems and challenges because the billions of people living there have no access to a functioning system of water supply
and wastewater management. The problems (and therefore the challenges, but also the opportunities of the water industry) are increasing
rapidly because (unlike Germany) the population in most developing
countries is growing rapidly. The difficulties that come with scarce or
contaminated water are currently increasing exponentially – exacerbated
by rapid urbanization that is giving rise to more and more megacities and
spreading poverty in rural areas.
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The key topic of governance
A chief cause of the dramatic number of water supply and contamination
problems seen around the world is the failures of political leaders. There
can be no doubt about this fact: The best technology, the best management concepts and the most generous development loans will produce
only meager results if governments fail to fulfill their duties to provide
services, if water rights and environmental regulations are not properly
enforced or if inefficient bureaucratic structures result in poorly operating water system facilities.
Corruption is another issue. It comes in two forms: the
direct type in developing and emerging countries that is the frequent
target of justified criticism and the indirect version. This latter type can
involve such things as a government agency that simply allows publicly
run factories to disgorge untreated wastewater without penalty and governments that will misuse municipal water systems for political purposes.

“The main reasons for the
bad water management situation
in developing and threshold
countries are substandard
operation and maintenance.”
This problem is most clearly illustrated by the issue of water
losses. Poor developing countries where water is often scarce are precisely the places where these losses are very great, often reaching levels
of more than 50 percent and even climbing to around 80 percent in some
places. This problem can also be broken down into two areas: physical
losses (that is, leaks in the distribution network) and so-called administrative losses (that is, water theft, accounting errors and collection
losses). The end result is that it takes two or even three liters of water to
produce one liter of water for the consumer. In many towns and cities,
the water supply can no longer be constantly maintained for 24 hours.
Instead, it is available for perhaps just two hours per day or even just for
a few hours per week. In these places, the pipeline network is repeatedly
drained and refilled. As a consequence of pressure fluctuations
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(“hydro-dynamic stress”), the service life of the pipeline network is
reduced to perhaps one-third of its normal life. Bacteria and contaminants enter the system. The so-called indirect costs of water losses (multiple capital costs, exorbitantly high repair damage and consequential
damage, bacterial contamination of pipes and infectious diseases) exceed
the production value of the lost water many times over – as UN Water
(among others) has noted (2). In cooperation with the German development bank KfW, the German Ministry of Education and Research
launched a pilot project called WaLUE – Water Losses in Urban Environment (3). This project uses refined technologies and a self-financing business model in which investments aimed at reducing water loss pay for
themselves better than new dams, waterworks, desalination plants, etc.
do.

“The key topic in the water
sector is governance.”
Of course, an essential part of any sustainable water supply
system is wastewater management. Rising population density, growing
amounts of highly polluted industrial wastewater and an increasingly sensitive water environment drive up the technical demands placed on the
system. Above all, holistic wastewater management concepts must be
developed in response to the rapidly growing number of industrial zones
in developing countries. One such plan is the wastewater concept for
industrial zones in Vietnam that is supported by the German Ministry of
Education and Research (4). In this demonstration project, industrial companies assume responsibility for the pretreatment of wastewater. They
operate pilot systems that detoxify wastewater, produce energy from
wastewater (biogas) and recover recyclable materials. The ultimate aim is
to make them economically viable. A monitoring system has also been set
up in the entire industrial zone. The system, consisting of modern stationary and mobile wastewater-measuring systems, can also be used in
the tropics. Developing countries are precisely where highly toxic materials are more likely to be produced compared with industrial countries,
because less sophisticated and environmentally-friendly production methods are used in the former.
Unfortunately, the third world lacks the money and, above
all, the technological know-how and industrial management capacities
needed to develop a functioning water supply and wastewater manage-
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ment system. As a result, the current trend toward public-private partnership (PPP) has become established worldwide. These projects have
been a source of success stories and setbacks. They require constant
collaboration between the government agencies and industry, between
officials and companies and between democratic and industrial principles.
However, private investments and operator concepts are
more difficult to carry out in sparsely populated rural areas than in towns
and cities with sufficient economic strength. Innovative programs have
been introduced in these rural areas. They are designed to help maintain
the operation of such services as wells with hand pumps in collaborative
partnerships. Commercial innovations have been put in place as well.
They are designed to commercially develop the local water sector while
holding onto the know-how and financing capacities of international
water service providers. One example is the water franchise business
model that works much like well-known fast-food chains, hotels and
repair shops (5).
For this reason, it is in the interest of both government institutions and the business and industrial communities to provide the water
sector with information, education and training (“capacity development”) that will empower it to work efficiently and, as a result, to automatically be able to utilize and acquire industrial concepts, efficient technologies, high-performance machinery and solution- orientated services.
In most cases and based on market volume, it is not just a matter of
building new plants and systems but also of upgrading, modernizing and
expanding them. This approach is being put into practice by a project
sponsored by the German Ministry of Education and Research called Integrated Water Management in the Central and Upper River Olifants Area
in South Africa (6). This project demonstrates, among other things, how a
high-quality membrane component can be used to upgrade nonfunctioning sewage systems and enable them to produce treated wastewater that
can used for such purposes as agricultural irrigation. Although the membrane technology from Germany appears to be expensive at first glance,
the process is significantly more economical than demolishing existing
plants and building completely new ones – quite apart from the political
and legal problems associated with the approval and construction of new
facilities and the cost risks of new buildings that exist in South Africa as
much as they do in Germany.
As always, the ultimate question is who will cover the costs,
that is, the question regarding fees and water and wastewater rates. Particularly in the poor areas of the third world, rates cannot be raised from
zero to 100 in one fell swoop to cover all costs. However, it must be
remembered that subsidized water, particularly in developing countries
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with poorly developed monitoring systems, rarely benefits the poor. Ultimately, subsidized water rates produce bad results: Water is wasted.
Water companies' budgets cannot cover operations and maintenance.
And reliable supplies are only available in politically influential municipal
areas and the neighborhoods where affluent residents live. In such situations, the poor have to resort to buying their water in canisters or bottles
– possibly on the black market. The conclusion is clear: Subsidized water
rates send the wrong signal. Water is wasted in the areas that have it and
doesn't flow in the areas that need it. In the end, subsidized water is
much more expensive because the available funds are improperly spent.
To summarize: Many technologically and conceptually innovative approaches have been devised to meet future water management
challenges. In Germany and around the world, the industries offering
solutions must base their actions on framework conditions that, in the
final analysis, political leaders have laid (hopefully) according to democratic principles. Without the efficiency principle of the private sector
and without industrial technologies and concepts, little will work well in
the water sector. Politicians, including those in the development ministries and donor banks, should take more notice of and recognize the
achievements that industry makes possible in many places in developing
countries: It operates water-efficient, energy-efficient and environmentally conscious production plants with water systems that have been produced at a high technological level with quality equipment and will continue to function sustainably. With its international production facilities,
the chemical and pharmaceutical sector is a role model for the way that
corporate governance can achieve water efficiency and environmental
responsibility in places where it could be possible to produce drinking
water more economically using tainted technology and methods. However, such a cost advantage would only last for a short time. At some
point, unavoidable setbacks would occur. These setbacks, which could
include accidents and disastrous image problems, could cause damage to
the industry like that we have seen in past decades – and that serves as a
warning of what could happen in the future.
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The chemical industry is a major catalyst of the energy revolution. How can this industry help speed up the shift to renewable energy sources and implement them more effectively (for
instance, by improving energy conversion and storage technologies)? What barriers are standing in the way?
For their part, the chemical and pharmaceutical industries must bear many of the costs of this revolution due to
their huge appetites for energy. What impact will this have on
these industries? Which areas will profit and which ones will
lose out?
New energy sources require social acceptance. The
development of alternative uses of energy can be expected to
generate far-reaching economic, political and social changes.
Who will assume responsibility for presiding over and guiding
this transformation?
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Climate change is marching on. Some members of the business community have already started down a path of climate-friendly policies.
But political leaders have not been able to come up with a definitive
solution that will keep growth and environmental protection linked
well into the future (1).
The lntergovernmental Panel on Climate Change issued its
Fifth Report on climate change in four sections during 2013 and 2014.
The methodologies being applied by scientists have been refined. Their
scenarios have become more complex and their understanding deeper.
But, at the end of the day, their opinions have not changed at all: Our
actions dramatically conflict with the severity of the threat posed by climate change. It is true that for the most part the general public understands that something must be done. But in the face of ongoing financial
and economic crises, the willingness to take action is quickly evaporating.
Today's political community lacks strong leadership and a
clear commitment to effective climate protection – in Germany, Europe
and the world. The energy revolution in Germany is being worn down, the
victim of conflicting state interests, political squabbling and an us-vs.them attitude. There is no credible time frame on the horizon. Furthermore, Germany has shown no sign of assuming the pacesetting environmental role that everyone thought it would. A logjam has arisen in
Brussels as well: Entire industries, various governments and even EU
commissioners are standing in the way of urgently needed environmental
protection steps. It is no wonder, then, that the community of nations is
aimlessly treading water. Negotiations on a global climate agreement are
simply going through the motions, holding one meeting after another.

Climate change will not wait
But climate change will not simply wait until political leaders can finally
come up with a consensus. It is actually gaining momentum and racing
through red lights. In 2013, Earth Overshoot Day occurred on August 20:
On this day, demand for natural resources exceeded the Earth's supplies
for the whole year. Our planet's regenerative abilities are being completely overtaxed. This amounts to much more than a dangerous stress
test for our survival. Earth Overshoot Day comes earlier and earlier every
year. Back in 1993, it fell on October 21 – we continue to bite the hand
that feeds us.
The objective set by international environmental policies to
limit global warming to less than 2 degrees Celsius above the level
reached before the start of the Industrial Age is massively under threat.
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At the beginning of May 2013, CO2 concentration in the atmosphere hit
400 parts per million, the highest level in 25 million years. As a result, the
risk that average global warming will exceed the goal of 2°C continues to
climb as well. This rise in temperature would threaten 20 percent to 30
percent of species with extinction. It could also trigger tremendous suffering and migration pressure in the wake of droughts, flooding and competition for resources. The adjustments necessary to deal with this situation would also come with an enormous economic price tag and would
produce significant drops in future standards of living.

Massive – but different – growth
The unprecedented growth in production and consumption we have seen
over the last 150 years has been facilitated by burning fossil fuels to produce energy, but this practice has also been the world's largest source of
CO2 emissions. This raises the following questions: How can we separate
economic growth from CO2 emissions? What role must the political and
business communities play in this transformation?
One point remains clear: We can't swear off growth. Within
just one generation, the world's population will jump by 30 percent. To
ensure that these additional 2.5 billion people have enough food and
water and can live under humane conditions, we need to generate tremendous material growth. Of course, efficiency and reasonable levels of
consumption in industrial countries are appropriate and important. But,
given the extent of expected population growth, this will not be enough
by any stretch of the imagination. We must decouple economic growth
from CO2 emissions.

Companies lead the way
We need a low-carbon world economy. Companies will play a critical role
in pursuing this. In many industries, German pacesetters have shown
initiative and are being rewarded for their efforts. And the reason is easy
to see: Environmentally friendly business practices, energy efficiency,
process optimization and sustainable energy production offer tremendous environmental and economic potential.
At the northern German energy supplier EWE, the rate for
green power known as Naturwatt is lower than the standard rate. In
2012, building-supply company Schüco cut its CO2 emissions by about
one-third compared with the previous year's level. This decrease was
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primarily achieved by only using green electricity. The company's power
bill rose only 1.3 percent in the process. In 2013, German rail company
Deutsche Bahn converted the “Green Rail Card” into the standard loyalty
card for discounted travel. As a result, all cardholders are now transported by 100 percent green power. Environmental pacesetters can be
found in other industries as well: In 2007, the Otto Group began to carry
out its own ambitious climate strategy. Thanks to a detailed analysis of
the company's supply chain and rated optimization programs, it has cut
CO2 emissions by 19 percent. To cut CO2 emissions by 50 percent of 2007
levels by 2020, the group is implementing a building-efficiency strategy.
Taking a similar approach, the Carlson Rezidor Hotel Group
put together an energy-efficiency program designed to lower electricity
usage in 330 of the company's hotels by 25 percent in five years. And the
program has paid off. For instance, at the Stansted Airport Radisson Blu
Hotel, an impressive £200,000 per year was saved with a push to optimize
existing facilities, raise awareness levels, and manage heating, ventilation
and air-conditioning units.

“Today's political community
lacks strong leadership and a
clear commitment to effective
climate protection – in Germany,
Europe and the world.”
As part of the transition to a competitive, low-carbon economy, the chemical industry will play a special role: As a result of its high
usage of electricity and crude oil, it is one of the German economy's
most energy-intensive industries. In addition to increasing the efficiency
of its own production operations, this industry can draw on its innovative
strength to create solutions that will enable the entire economy to
decrease its usage of energy and raw materials. These solutions could
include lighter plastics and higher-performance batteries for electric cars,
materials that provide better insulation and lighting systems that are
more efficient than current products.
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When will political leaders fall in line?
But the actions being undertaken by environmentally conscious companies do not free political leaders from their responsibilities to create
appropriate framework conditions. Even an economy that decides to take
matters into its own hands needs clear guidelines and transparent rules.
Binding, long-range goals for CO2 emissions are particularly good ways to
steer investments towards environmentally friendly technologies. In Germany, we have already created such a framework: a CO2 reduction goal of
40 percent by 2020 and between 80 percent and 95 percent by 2050
(compared with 1990 levels). But we have to be persistent in our pursuit
of these goals. On the EU level, raising the 2020 goal to 30 percent and
setting binding, ambitious energy and climate targets for 2030, 2040 and
2050 would create the necessary framework.
Once upon a time, Germany was proud of its leading role in
environmental protection. At international conferences, Chancellors
Helmut Kohl, Gerhard Schröder and Angela Merkel have repeatedly
pointed to Germany's leading position. The country's energy revolution
has also attracted tremendous international attention. But, increasingly,
observers have the impression that the former pacesetter appears to feel
more comfortable hanging back in the middle of the pack.

A new form of “Made in Germany”
As an industrial country, Germany has more to win than lose from institutionalized environmental protection. By decoupling economic growth
from carbon emissions, we can demonstrate that environmental protection serves as a driving force for innovation and competitiveness and sets
new international standards. We do not have the lowest wages nor are
we blessed with the biggest economies of scale – but there is no lack of
technical know-how in the areas needed to create a new version of “Made
in Germany”, one that stands for resource efficiency, environmental protection and innovation, in addition to quality and durability. Political leaders must finally grasp this reality and create conditions that will turn environmental protection into an export hit.
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Many countries are overhauling their electricity-delivery systems
from top to bottom: The fossil fuels and nuclear technology that
once served as the mainstays of these systems are giving way to
energy produced by renewable sources. One major challenge associated with this sweeping change is the fluctuating amount of energy
produced by the two main sources of renewable energy: the wind
and the sun. Furthermore, new mobility concepts must be devised if
legal requirements for reduced CO2 emissions are to be met. Both of
these megatrends require the massive expansion of systems capable
of storing energy in its electrical, chemical and mechanical forms.
Innovations produced by the chemical industry will play a key role
here, particularly in efforts to store energy chemically and electrically.
One option for storing electrical energy is based on physical
charge separation in supercapacitors. It will take materials that deliver
sufficient conductivity and have a high level of double-layer capacity to
accomplish this task. These needs can be met by such innovations as
highly developed types of carbon with broad surfaces based on activated
charcoal. This carbon could also be developed from such renewable
sources as coconut shells or sugar. New materials like nano-tubes,
graphene and carbon aerogels are expected to facilitate
further progress.
The preferred applications for supercapacitors
will arise from the typical characteristics of these energystorage units. These include a very long operational life and
very high energy density. As a result, energy peaks for startstop systems in motor vehicles will be available. SupercapaciIn 2013, battery-powered
tors can also absorb energy very quickly. One example is the
electric vehicles capable of
traveling more than 200
braking systems used in commercial hybrid vehicles.
kilometers on a single charge
In the area of chemical energy storage systems,
were already available in the
a
fundamental
distinction must be drawn between batteries
marketplace.
that make the stored energy immediately available as electricity and processes in which energy is stored in a physical
form like hydrogen. This energy can be used in fuel cells or in a thermal
function as a way of providing electrical or thermal energy.
Compared with supercapacitors, batteries generally have
significantly higher energy density. In 2013, battery-powered electric vehicles capable of traveling more than 200 kilometers on a single charge
were already available in the marketplace. A high level of storage capacity
can be achieved with lithium-ion batteries, in which lithium ions are transferred between electrodes. To further increase the energy content of this
type of battery, the chemical industry is working intensely to develop

200
km
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new, higher performance materials. Siliceous anode materials working in
combination with socalled high-voltage cathode materials could boost
the energy density of lithium-ion batteries by 50 percent to 60 percent.
To accomplish this, however, the electrolytes being used in the process
must be improved further in order to maintain stability in an environment
where cell voltage can reach up to five volts.
Researchers are also intensely exploring another type of
battery that has tremendous potential for storing energy produced from
renewable sources. In this redox-flow battery, energy is stored in separated liquid electrolytes instead of in solid electrode materials. The necessary exchange of ions that occurs as power is flowing occurs through a
membrane.

“New materials produced by
the chemical industry will also
be a major part of the future
development of energy storage
systems.”
The major strengths of this battery type – in comparison
with the lithium-ion battery – are its potentially lower costs, particularly
for large storage units, and its separation of energy content from battery
performance. lf a system with high storage capacity is needed, the tank
volume for the electrolytes is expanded. By contrast, systems with high
performance requirements can be developed by increasing the size of the
membrane.
One of the major challenges faced by researchers working
on redox-flow batteries involves the ion selectivity of the membrane
being used. Its only job is to facilitate charge equalization using protons.
To prevent self-discharge, an exchange of other ions must be interrupted
to the greatest degree possible. Solutions to this issue can draw on proton-selective membranes like those developed by the chemical industry
for use in fuel cells.
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Expensive innovations
It takes an intensive research effort and lots of money to develop innovations in the areas of supercapacitors and batteries. These technologies
therefore hold particular promise for applications with short cycle times
and high cycle rates, since the additional costs associated with the storage of energy can be kept to a reasonable level.
In contrast, physical energy storage is particularly well-suited
for mid- and longterm storage jobs. Researchers in this area are primarily
focusing on the electrolysis of water, a process in which water is decomposed into hydrogen and oxygen (power-to-gas concept). In a procedure
requiring no cost-intensive steps, a certain amount of the hydrogen produced by electrolysis could be mixed into natural gas. As a result, huge
amounts of energy could be stored today. Unfortunately, the costs of
industrial-sized electrolysis are very high. This is also the case for direct
electrolysis, given its need for precious metals. For this reason, an intensive search is being conducted for alternative electrocatalysts.
All of these concepts are being rapidly developed. When
teamed with the production of renewable energy, they could help bring
the “fossil age” to an end. In the past, new materials produced by the
chemical industry have played a critical role in the development of the
technology we enjoy today. They will also be a major part of the future
development of energy storage systems.
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The storage of electricity will play a critical role in Europe's drive to
safeguard its energy supplies. The aim must be to ensure that systems will be able to react faster and more flexibly to spikes in
demand. In the end, this effort will serve as the cornerstone of
Europe's business and industrial competitiveness.
Energy storage will be a critical element in creating a
low-carbon system in the European Union to produce, transport and
distribute electricity. It will facilitate greater flexibility and, thus, a better
balance in the grid as supply levels of renewable energy ebb and flow. It
will also enable distribution networks to function more smoothly, costs
to fall and greater amounts of energy to be saved. Energy storage can
clear the way for the market introduction of renewable energies, make
the transmission and distribution of electricity safer and more efficient
(such as by reducing unplanned loop flows, power grid overloads and
voltage and frequency fluctuations), stabilize the market prices of power
and ensure greater security of supply.
At the moment, however, the storage capacities of energy
systems in the EU are limited. In 2013, they corresponded to no more
than about 5 percent of installed production capacity and were limited
almost exclusively to pumped-storage facilities generally found in mountain regions (the Alps, Pyrenees, Scottish Highlands, Ardennes and Carpathians). Other forms of storage, including batteries, electric vehicles,
flywheels, hydrogen and chemical storage systems, either have an
extremely low share of usage or are still being developed.
The EU Commission plans to focus more closely on energy
storage, tackling the issue in the broader context of European energy
policies. The most critical questions are addressed in the Commission's
working paper on energy storage. These issues must become the focus of
increased consideration if momentum is to be generated for the development and introduction of energy storage options.
lf adequate storage capacities are not put in place, the likelihood of blackouts will rise and the security of supply will be endangered.
In addition, the expansion of renewable energies will suffer, and the peakload rates for power will rise to unacceptable levels under certain circumstances. For this reason, adequate and flexible storage capacities are a
fundamental condition for achieving the EU's energy-policy objectives.
The storage of electricity will play a critical role in Europe's
drive to safeguard its energy supplies. Forty percent of global storage
capacity is installed in Europe and its neighboring countries. In the coming years, Europe will install more power p
 roduction capacity (5.8 gigawatts) than China (3.1 gigawatts). A large part of this will involve intermittent renewable energies. Today's storage capacity is based almost
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entirely on hydrogen. For this reason, sudden drops in electricity produced by wind power or photovoltaic units are currently being made up
by pumpedstorage power stations. Such was the case during the cold
wave that struck Europe in January 2012. Gas-fired power plants also help
meet sudden spikes in demand. And the increased use of electric vehicles
is viewed as a way to expand storage capacities.
Today's storage strategies are designed to enable the system
to react more quickly to abrupt jumps in demand. The expansion of storage capacities is based on this objective. The cost effectiveness of other
investments in storage capacities has not (yet) been convincingly
demonstrated. Given the current market situation and the level of technological development, this is unlikely to change in the foreseeable
future.
The EU has already launched a series of political initiatives. In
smart cities, for instance, electricity will be stored by such devices as
batteries in homes. These batteries will stabilize supply and increase the
appeal of photovoltaic and other forms of renewable energies. This will
also cause costs to fall because less new infrastructure will be needed for
systems that can balance the supply. Storage and smart consumption
recording devices will work hand in hand, promoting the efficient and
productive development of local distribution grids and a balance between
supply and demand.
Enormous challenges must be overcome here. The performance of current technologies must be improved, and new technologies
must be developed and brought to market. In addition, market signals
must be sent as incentives that stimulate the development of storage
capacity and the marketing of storage services as well as the creation of a
European market and a common balancing market like the one in Nordic
countries. Improved market conditions will fuel technological development. lf massive investments are made in research and development,
European industry could introduce innovative storage technologies to the
marketplace within just a few years. The European Commission has
already taken such steps, pumping funds from the framework research
program of 2007–2013 into the Storage project to develop materials for
hybrid vehicles that could store and dispense energy. Storage technologies also play a major role in Horizon 2020, the new EU framework program for research and innovation that covers the period from 2014 to
2020. One of its aims is to develop and demonstrate storage technologies
that facilitate the interplay of various smart grids as well as to survey
storage potential in the EU.
Political leaders must devise a holistic storage concept that
addresses the technical, legal, market and political aspects to an equal
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degree. For this reason, energy storage have been and will be given
higher priority in the Commission's current and future energy-policy
initiatives. In terms of energy storage, the Commission's statements
regarding the internal energy market emphasize that investments must be
made, regulatory problems cleared up and the costs faced by citizens
reduced. The aim must be to eliminate such barriers and restrictions as
double grid fees and access limitations that are blocking the development
of energy storage. A further aim is to send price signals, a process in
which reviews are being conducted of market and access conditions and
balancing and market regulations as well as the mechanisms of setting
prices and rates.

“One way to ensure affordable
and internationally competitive
energy supplies in the EU is to
complete the internal energy
market.”
In an energy technology statement, the Commission analyzed the role that the development of innovative storage technologies
could play on the European level in regard to CO2 reduction targets for
2020 and 2050. A cost-effective storage solution will most probably
encompass not only various electricity storage technologies, but also
other types of measures, including improved demand response, an optimal mix of renewable energies that has lower fluctuations in production,
the installation of electricity and thermal-energy storage units in buildings, smart-grid solutions that raise the grid's load capacity and, last but
not least, regulatory issues. For these reasons, a holistic storage concept
should be pursued.
In the process, the competitiveness of industry in the EU
should not be forgotten. The reason for this is clear: Pressure is mounting in the wake of globalization and the intensifying fight for resources.
The situation is particularly tough for energy-intensive industrial sectors.
Europe must find a way to hold on to these sectors and bolster their long-term competitiveness. After all, energy-intensive industries
continue to employ a large number of people in Europe and play a major
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role in value creation. In the EU, the chemical industry alone provides
jobs to about 1.2 million people. It is one of the most competitive and
successful economic sectors in the EU and significantly contributes to the
EU’s trade balance.
The EU must protect its industrial base in order to safeguard
supplies of such goods as chemical products, steel and fuels that are also
critically important to other sectors. Industry in Europe uses its
resources more efficiently and sustainably than industries in other parts
of the world. The European chemical industry is setting a good example
in this regard: Over the 20 years till 2013, the energy intensity of the
European chemical industry plunged by 53.4 percent and was thus lower
than the overall average of industry in the EU in 2013.
One way to ensure affordable and internationally competitive energy supplies in the EU is to complete the internal energy market.
Member states have already approved the legal framework for the market
opening in the form of a third energy package. This package is now being
implemented by all member states. Thanks to the previous steps that
have been taken to complete the internal energy market, wholesale prices
are now under control. But this must be translated into tangible benefits
for end consumers. To achieve complete integration of energy markets,
massive investments must be made in energy infrastructure, particularly
in connecting cables that stretch across national borders and in high-
capacity transmission grids.
Before it will be willing to invest, the business community will
need clear framework conditions and long-range goals. Up to 2013, however, the EU had only set goals extending to 2020 – including 20 percent
of total energy consumption coming from renewable sources, a 20 percent increase in energy efficiency and a 20 percent reduction in CO2
emissions. To the business community, this time frame represents nothing more than tomorrow. That's why we must start thinking about what
awaits us in 2030. The debate has already begun. In March 2103, the EU
Commission issued its first strategy paper on climate and energy policies
through 2030.
As the framework conditions are developed, close attention
must be paid to ensure that future policies do not have an unreasonable
impact on energy prices. Combined with strides made in energy storage,
a thoughtful approach to alternative energy sources, continued diversification of energy supplies, the completion of the internal energy market
and increased cost efficiency during the introduction of previously
approved policies, this will help make energy in the EU affordable and
thus keep industry competitive.
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Nuclear power is a hotly contested issue, especially since the
catastrophic meltdown at Fukushima. Nevertheless, questions
persist about the alternatives. Experts contend that atomic
energy is inexpensive and efficient and that, if it is taken out of
the energy mix, the level of harmful emissions will increase.
But is this true? And are the long-term “costs” for our environment factored into these scientists' calculation?
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When nuclear energy was introduced as a way to generate power
during the mid-1950s, it was associated with the idea of nearly endless reserves of energy that would bring an end to energy shortages.
At the time, the head of the U.S. Atomic Energy Commission, Admiral Lewis L. Strauss, indicated that nuclear energy was “too cheap to
meter” (1). With these expectations in mind, the first nuclear reactors for power generation in Germany were constructed during the
1960s. Just a few years later, however, nuclear energy became one
of the most heatedly discussed technologies of our time.

“The diverging factual assessments of experts regarding
nuclear technology lead to
confusion and uncertainty
among the general public.”
A look back in history reveals that there is no unified
approach to dealing with the subject of nuclear energy. While nuclear
energy became the backbone of the power supply in France, other countries were much more cautious. For example, in the 1980s, Germany and
the United States resolved to not build any more nuclear power plants (2).
By contrast, in Switzerland, nuclear power became one of the dominant
sources of energy next to hydropower. Following intense discussion and
heated debate in the 1970s and 1980s, nuclear energy seemed, in Germany as well, to become a rather unpopular but necessary evil that would
be tolerated until alternative energy sources could replace it. The 2002
decision of the governing coalition between the Social Democratic and
Green parties in Germany to phase out nuclear energy production followed this logic (3). Following the change in government in 2009, the German Bundestag decided on Oct. 28, 2010 to withdraw from the “phaseout” and permitted existing nuclear power plants to extend their
remaining operation periods. Even though the transportation of radioactive waste across Germany regularly mobilized tens of thousands of demonstrators, other topics, such as genetic engineering, replaced nuclear
energy in public discussions between 1990 and 2010 and relegated the
topic to the shadows to some extent.
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However, it was catapulted back into the global public arena
in 2011 when the tsunami that struck Fukushima led to several core meltdowns in the Daiichi reactor blocks. This catastrophe on the east coast of
Japan triggered intense political reactions that questioned the fundamental logic in favor of using nuclear energy. Germany even decided to immediately discontinue nuclear power production. As a result of this decision,
the future of nuclear energy in the country is bleak.

Public perception of nuclear energy
We have always known that nuclear power technology produces inexpensive electricity for end users and provides a certain degree of supply reliability. However, it is also associated with risks for humans and the environment. In numerous Eurobarometer surveys conducted by the
European Union regarding the three-way relationship between technology, science and the public, both nuclear energy and genetic engineering
showed either particularly high rates of opposition or at least very polarizing opinions.
Understanding the “change of heart” that occurred among
political leaders and large portions of the population in the wake of
Fukushima requires knowledge of a concept that significantly influences
how nuclear energy is perceived: risk. In the social sciences, risk involves
a conscious decision that is made voluntarily but has an uncertain outcome and can have both positive and negative results. Whether or not
risk is perceived as positive or negative depends, in the end, on diverging
interests, day-to-day experiences and individual value systems.

Political decision-making processes regarding
nuclear issues
The public perception of risks, coupled with the acceptance of such technologies as nuclear energy, plays an important role in politics. The reason
for this is easy to see: In recent years, the public has become more insistent about having a say in projects with discernible risk. For this reason, it
is increasingly necessary to hold discussions in the public arena early on,
particularly when a planned project is associated with contradictory
requirements and consequences for the public. Those who are affected
by the construction and operation of nuclear power plants want to participate in the process. They ask tough questions regarding the power of
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political authorities to make decisions on behalf of the general public,
especially when the gap between the costs and benefits associated with
such decisions is significant.
There are various reasons for the controversial perception
of nuclear energy among the public. One reason is a protracted genesis
of a conflict that encompasses many participants with varying interests,
action plans and objectives (4). Another reason is that decisions regarding
nuclear technology extend across time and far beyond current political
administrative jurisdiction, since the technical questions related to the
objective of safely storing nuclear waste over a period of about one million years (5) exceed all administrative competence and, moreover, force
our imaginative capacities to their very limits. Not only that, but radioactive radiation can hardly be confined in terms of space and time, a situation that can negatively impact entire nations and huge tracts of land. For
this reason, dealing with technical nuclear risks entails a great deal of
uncertainty.
In addition to risk distribution, the nuclear technology
debate also raises questions related to decision-making authority. Which
stakeholders with which interests and objectives should be involved in the
decision-making process? In the German political system, for example,
this can result in a significant crisis in legitimacy with regard to both the
decision-making competence and authority of political leaders and the
unmet demands for fairness and equity among the population. “The classic, democratically legitimized, top-down approach, which means that
individual legal institutions make decisions for the entire population, is
losing its persuasive power in society” (6). For this reason, one solution
seems to be a strategy that moves away from this “top-down approach”
and applies a participatory one because “only participation can ensure
that decisions are socially correct” (7).
In light of this idea, it is surprising that the subject of participation has, until now, remained on the margins of the debate surrounding
nuclear technology. One reason for this might be related to the question
regarding decision-making competency. Even if citizens were given the
authority to make decisions, it would remain doubtful whether they really
possessed the extensive expertise required for making such decisions.
This is because the subject of nuclear technology is characterized by a
high degree of social, scientific and technical complexity, making it impossible to have either the knowledge or the means and options for evaluating all technical, social and scientific risks and implications that are
required to make competent decisions.
This set of problems is faced not only by the general public,
but also by scientific experts. The enormous potential for complexity
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within the nuclear technology debate leads to a so-called conflict of facts,
which manifests itself as an “experts' dilemma” (8). Coupled with diverging
recommendations for action, the various evaluations of the facts result in
a situation in which “science” does not have one voice. In turn, the
diverging factual assessments of experts lead to confusion and uncertainty among the general public. For this reason, science can only offer
limited guidance in the debate surrounding nuclear technology. As in the
political system, the questions are which expertise can be trusted and
who has the legitimacy to make decisions.
Constructively addressing this conflict requires a fair, discursive process that takes the values of the involved parties into consideration and provides for a fact-based discussion of interests. However, such
a “participatory turn” (9) must be preceded by the creation of a fundamental understanding of risk perception and assessment among all participants so that productive discussion based on assumptions held by all
can ensue. Discursive processes allow for transparency and equity in
decision making. They are defined as “reasonable” and rational discussions (10) that enable conflicts to be settled. In order for these processes
to be successful, they should be carried out according to three rules.
First, decisions should be made based on the agreement of all of those
involved in the process. Second, statements made in the discussion must
be thoroughly substantiated. And third, appropriate compensation must
be provided for those whose interests and values are negatively
impacted (11). These principles imply that great care is needed in both the
preparation and realization of such a discussion.

Conclusion and outlook
Since the 1970s, nuclear energy has become one of the most heatedly
discussed contemporary technologies. Even though the controversy surrounding nuclear energy had died down somewhat and acceptance of the
technology had increased slightly in the years leading up to Fukushima,
the number of people opposed to nuclear power has always been very
high. The increased rate of acceptance was not due to a decline in the
number of people who opposed it – in Europe, this number has remained
fairly constant. Rather, fewer people remained indifferent.
Fukushima dramatically changed the nuclear energy debate.
Surveys indicate that opposition to the technology is now more common.
Politicians who supported nuclear energy in the 1970s have long since
turned away. Even before the Fukushima disaster, nuclear energy no longer was viewed as a technology of the future. Instead, it was seen as a
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phase-out model or as a so-called “bridging technology.” Following
Fukushima, the debate is now focusing on how long the phaseout should
last.
Against this backdrop, it appears difficult to suggest that
nuclear energy has a real future in Europe. New technical processes can
no longer serve as solutions for increasing acceptance of this technology
per se. Instead, they must first be validated. Nuclear energy must also
provide answers to unsolved questions, e.g., with regard to waste disposal or the residual risk of a core meltdown in the densely populated
regions of central Europe.
Decisions regarding these questions cannot be made based
solely on technology. Research into risk perception has shown that there
are significant differences among various societal groups as to what is
understood as a risk. The “muddling through” approach often applied up
to now by decision-makers has demonstrated that the “close your eyes
and hope for the best” approach can even threaten a technology's future.
Public participation and open dialogue are the most appropriate methods
for clarifying how the future of nuclear energy could look.
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Does nuclear power have a future? Fewer nuclear power plants are
being built, and the energy revolution has begun. This transformative process offers many opportunities for Europe. To take advantage of them, European countries will have to work together more
closely.
Europe appears to be a heterogeneous entity not only in
regard to its financial and economic policies, but also in regard to its
energy policies. Yes, it is true that the countries of the European Union
have committed themselves to achieving three energy policy goals by
2020: reducing CO2 emissions by 20 percent, increasing the share of
renewable energies used in total energy consumption by 20 percent and
boosting energy efficiency by 20 percent. But the approaches to achieving these three goals vary widely within the EU. One central area of difference is the priority attached to nuclear power. Within the EU, dependence on nuclear power ranges from 75 percent in France to zero
elsewhere. Half of the Union's member states, including Italy and Austria,
have no nuclear power plants at all. In 2010, nuclear power generated
27.4 percent of the electricity produced in the EU, and the trend line is
pointing downward. Renewable energies reached a share of 20 percent,
and the trend line is pointing upward.
A closer look at the facts reveals that the much-trumpeted
renaissance of nuclear power is more of a myth than a reality. Around the
world, the share of nuclear power in total electricity generation fell from
17 percent in 1993 to 11 percent in 2011. By contrast, the share of green
electricity climbed to 20 percent during the same period. In terms of new
investments as well, renewable energies have edged into the lead. The
construction of new nuclear power plants is slowing down. At the same
time, global investments in solar energy and wind power around the
world have now exceeded new investments in plants fired by
fossil fuels. This is also the case in the United States – fracking boom or no fracking boom. The driving force behind this
trend is the inversely proportional cost trend for nuclear and
From 2005 to 2013, investgreen electricity: While the costs of new nuclear power
ment costs for solar energy
fell by about 80 percent.
plants are ballooning, a sharp drop is being seen, particularly
among photovoltaic systems.
From 2005 to 2013, investment costs for solar energy fell by
about 80 percent. In southern regions of the world, including northern
Africa, photovoltaics has become a competitive technology – even when
the follow-up costs of fossil fuels are left out of the formula. This development has triggered a sharp rise in construction projects. Around the
world, newly installed photovoltaic capacity jumped by 70 percent
between 2010 and 2011, reaching a total of 27.7 gigawatts. Even though

80 %
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Europe remains the largest photovoltaic market in the world, non
European markets are playing an increasing role. The United States has
taken the lead among solar power stations of more than 250 megawatts.
This trend can also be seen in wind power: State-of-the-art wind power
systems built at good locations can easily compete against power plants
fired by fossil fuels. In the United States, production costs of 5 cents to 6
cents per kilowatt hour are realistic.
In contrast, not one single nuclear power plant is being built
around the world without government funding and loan guarantees. The
technology is too expensive and too risky, and it is surrounded by too
many questions regarding the disposal of nuclear waste and the dismantling of decommissioned nuclear power plants – so the arguments go. No
insurance company is prepared to take on the liability risks for possible
accidents. For this reason, the taxpayer has to come to the rescue – as
we have seen in Fukushima. Given this state of affairs, it is doubtful that
several European countries, including Poland, will actually carry out their
plans to build new nuclear power units. Aside from the “residual risk” that
is always associated with nuclear energy, it would make more economic
sense for countries to tap their own tremendous efficiency reserves – in
manufacturing, the construction industry and the transport sector – and
to begin systematically developing renewable energies. This alternative
development solution would allow additional valuecreation and open up
new income potential, particularly in rural regions.

The solar power revolution
In reality, the solar power revolution has already begun. Germany has
been at the forefront of this movement, creating a system in which producers receive a guaranteed price for the green power they generate and
consumers finance these payments through fees applied to their electricity bills. With this system to support wind and solar power, Germany has
financed the industrial learning curve of renewable energies and promoted the creation of state-of-the-art production capacities for photovoltaics, particularly in China. In these terms, the German Renewable
Energy Act is the most successful – and sustainable – development program ever created. Renewable energies are now competitive. They create
an appealing opportunity for developing countries that lack their own
national grid infrastructure, enabling these nations to bring electricity to
rural regions. Furthermore, megacities in the south will be able to use
them to meet a large share of their growing electricity needs. For Europe,
the replacement of oil, coal and natural gas by renewable energies will
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improve its trade balance as energy imports running into the triple-digit
billions are replaced by domestic production. In the process, Europe will
reduce its dependence on regions that are in perpetual states of crisis
and controlled by authoritarian regimes.
Backed by a strong political commitment, the energy revolution can act as a sweeping innovation and investment program and
become the driving force behind an industrial renaissance in Europe. The
focus here will not just be all types of solar and wind power. Other promising areas include geothermal energy, tidal power plants and fuel cell
technology as well as second-generation biomass power plants and biogas units that are powered by organic residual materials and use significantly greater amounts of the energy stored in plants. Added to this will
be the support infrastructure of a renewable energy system. This system
will include smart supergrids that will facilitate improved management of
supply and demand, efficient electricity storage systems and the conversion of surplus electricity into hydrogen or methane. Another high-potential area lies in linking electricity, the district heating market and transportation. Electromobility (battery and fuel cell technology) can become an
interface between the electricity market and the transportation sector.

“Not one single nuclear power
plant is being built around the
world without government
funding and loan guarantees.”
This environmental transformation also offers a number of
opportunities to the chemical industry: Some examples of environmentally efficient products and processes include electrochemistry and battery technology, the development of light fiber-reinforced composite
materials, organic photovoltaics, second- and third-generation biofuels,
plant-based insulation, solar hydrogen production and technical photosynthesis. The long-range goal is to complete an about-face in which petrochemicals will be pushed aside by a chemistry of natural products
based on renewable resources.
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Pacesetter of a green industrial revolution
Instead of reversing course and putting the energy revolution on ice,
Germany now has an opportunity to be the driving force behind a green
industrial transformation that can serve as a global model for sustainable
growth. The key question here is whether the energy revolution can be
carried out on a European scale. Local self-sufficiency and regional
energy cycles are good things. But they should not become a reason to
re-nationalize European energy policies. The aim must be to create a
European community of renewable energies that optimally taps synergies. A European-wide network with wind power from coastal regions,
hydropower from Scandinavia and the Alps, solar energy from the sun
belt in the Mediterranean region and biomass power units in the largely
agricultural areas of central and eastern Europe will secure energy supplies and reduce the need for expensive electricity storage. Such a broad
alliance of regions and energy sources will not conflict with decentralized
structures. Rather, it will strengthen the entire system.

“One look at the facts reveals
that the much-trumpeted
renaissance of nuclear power is
more of a myth than a reality.”
To keep the costs of the energy revolution under control,
the comparative cost strengths of a European alliance must be tapped.
To accomplish this, communication, collaboration and coordination
between Germany and its neighbors about energy policy must be intensified. Germany made the right choice when it decided to move forward
with the transformation of its energy-supply system and not wait for
Europe to settle on a compromise of the smallest common denominator.
But Germany is not an energy-policy island. The rapid increase in wind
and solar power being produced here is increasingly affecting other countries, particularly Poland and the Czech Republic, because surplus electricity generated in Germany is displacing domestically produced electricity for these countries' own grids and is thus forcing power plants there
from the market. These developments are not being applauded everywhere. For this reason, energy policies must be more carefully coordi-
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nated with Germany's neighbors. This also applies to France and the
Benelux countries. Huge opportunities are also offered by the expansion
of the north-south alliance with Scandinavia and Alpine countries that are
taking similar approaches to their energy policies. Sweden, Denmark and
Austria have moved ahead of Germany in their development of renewable
energies. And Norway is an ideal partner for Germany as a result of its
flexibly managed hydropower.
The expansion of nuclear power in the EU was intensely
promoted by the European Atomic Energy Community (EURATOM).
Transnational research and development projects, the development of
joint technical standards and the financing of pilot projects provided
additional momentum for nuclear energy. The development of renewable
energies in Europe now needs such an institutional boost. The goal of
having renewable sources generate all energy supplies is a realistic vision
if this effort is carried out hand in hand with the development of
energy-saving technology and resource-efficient production processes. It
would also be a project that could inject new life into European cooperation and intensify the sense of community in Europe.
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Europe is leading the world in the fight against climate change. The
targets for the EU's climate and energy package were defined in
2007 under the German EU presidency. The 20-20-20 targets set
three key objectives for 2020: reducing greenhouse gas emissions
from 1990 levels by 20 percent, raising the share of energy from
renewable sources to 20 percent and boosting energy efficiency by
20 percent.
To achieve these targets, the EU issued and tightened two
directives. The first of these is the Renewable Energies Directive that was
passed in June 2009. The legislation contains various binding national
overall targets for the EU member states regarding the share of renewable energies in gross final energy consumption. The targets range from
10 percent for Malta to 49 percent for Sweden. For Germany, the national
target is 18 percent. The second piece of legislation is the Energy Efficiency Directive that came into force in December 2012 and outlines
numerous energy efficiency measures that should or must be implemented by the member states. The reason for this stricter directive was
that although the member states had agreed to reduce primary energy
consumption by 20 percent by 2020, it became clear that the specified
efficiency targets could not be reached without implementing additional
measures. As far as the climate protection target is concerned, the EU's
greenhouse gas emissions in 2012 were already 18 percent lower than
1990 levels. It can therefore be assumed that this target level will be
reached.

“A democratic society should
not attempt to cross a bridge
of risks.”
In March 2013, the Commission presented the first progress
report on the implementation of the Renewable Energies Directive. It
revealed that the 28 EU member states had achieved a share of 13 percent, already exceeding the binding target for 2011/12 of 10.7 percent.
This means that the binding target level of 20 percent should be attainable. With regard to the energy efficiency targets, the outlook remains
bleak. One reason for this is the lack of binding target levels for EU countries. Although progress in reducing energy consumption has been made
in over half of the member states, the European Environmental Agency
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said only three countries (Denmark, France and Germany) had a
“well-balanced” package of measures for all the relevant sectors and had
been able to reduce both energy consumption and energy intensity.

Energy transformation – an over 30-year-old
vision
The term “energy transformation” (Energiewende) was coined in a 1980
study by Florentin Krause, an employee of the Eco Institute. The subtitle
of his study was “The energy supply of the Federal Republic of Germany
without nuclear power and oil.” In the years that followed, numerous
studies were published on the subject, some of which set completely
different targets or examined different sectors. The findings of these
studies ranged from a new communal energy policy and a cogeneration-based power and heat supply to a fully renewable energy-based electricity sector.
Today, energy transformation is associated with the vision of
an energy system based on renewable sources that would become a reality halfway through the 21st century. It involves substituting hydrocarbons
and uranium in all consumption sectors. The EU has the opportunity to
forge ahead with energy transformation on a European scale and to create a European community for renewable energies based on local,
regional and national energy systems while shifting energy policy-related
competencies dominated by national stakeholders to the European level.
The creation of a European energy policy pursuant to the Lisbon Treaty
has been a possibility for many years. However, it appears that agreement
and consultation between the relevant political bodies in Brussels remains
an uphill battle.

Energy transformation in international
comparison
In the 2013 Global Status Report of REN21 (1), Germany held the top spot
in just three out of 21 categories: total solar photovoltaic capacity, total
solar photovoltaic capacity per capita and total renewable power capacity
per capita (not including hydropower). By contrast, the People's Republic
of China was first in nine categories, and the United States first in six. In
an EU comparison, Germany did not lead the pack in expanding renewables: Sweden, Estonia and Romania achieved their national target levels
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for 2020 of 49 percent, 25 percent and 24 percent, respectively, as early
as 2011. And in relative terms, more had also been done in Austria, Bulgaria and Spain than in Germany. In any case, 13 EU states were able to
raise their renewable share by more than 2 percent over the first interim
target in 2012, and 11 did so by up to 2 percent. Only three countries –
Latvia, Malta and the Netherlands – did not achieve the interim target.
However, this share reflects neither the effectiveness of national instruments nor the development of the economic framework conditions in the
period up to 2020.

Energy transformation in Germany – an
“electrically-charged” discussion

€5,000
The energy costs of a sample
four-person household totalled more than €5,000 per
year in 2012. An average household paid nearly €2,100 for
heating and hot water, more
than €1,800 for fuel and just
€1,100 for electricity.

When Germany's coalition government between the Christian Democratic
Union and the Free Democratic Party presented their integrated energy
concept in September 2010, renewable energies were called the “essential pillar of the energy supply.” Increasing energy efficiency was said to
be the key issue, and nuclear technology was called a “bridging technology” that was to safeguard the transition to a renewable energy system.
However, the government's proposal to extend the service lives of 17
nuclear reactors led to nationwide protests and to a renaissance of the
anti-nuclear power movement. Germany reacted to the catastrophic
meltdown in Fukushima in March 2011 with a moratorium and the shutdown of eight reactors. Since then, Germany's Energiewende has been a
hot topic across the globe, even though the 2010 energy concept has not
significantly changed since. Only the section on nuclear energy and fossil-fuel power stations has been replaced by the amendment to the
Atomic Energy Act.
The political discussions in the 2013 election year and the
media's treatment of the Energiewende, which focused on power generation, energy consumption and electricity prices, can be criticized as being
“electrically charged.” And the “electrically charged” nature of the debate
has been intensified by the focus on nuclear power station shutdowns.
But in 2012, the share of electricity in total gross final energy consumption was no more than about 20 percent in Germany – electricity generated by nuclear power stations amounted to just 2.6 percent of total
gross final energy consumption. The energy needs of households could
be broken down into more than 60 percent for heating and hot water and
31 percent for fuel. Electricity consumption by households accounted for
just 8 percent of private energy needs.
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The energy costs of a sample four-person household totalled
more than €5,000 per year in 2012. An average household paid nearly
€2,100 for heating and hot water, more than €1,800 for fuel and just
€1,100 for electricity. Most consumers are not aware of this ratio,
because 2012 personal estimates reveal a completely different order:
Electricity leads “perceived consumption costs” at 39 percent, ahead of
heating at 26 percent and hot water at 18 percent. Vehicle gasoline costs
are even estimated to account for just 14 percent of total energy expenditures. Instead of resolving this discrepancy and clarifying the real distribution of energy costs, the “electrically charged” discussion regarding
the Energiewende has strengthened this misconception even more.
In 2013, Germany's Environment Minister Peter Altmaier
quoted astronomical figures as the cost of the Energiewende, without
emphasizing that the timetable for the process is estimated to be 40
years and that the cost of modernizing and renewing the electricity sector through 2050 would have amounted to at least the same level. The
idea of an “electricity price brake” aimed at stopping the socially unjust
transfer of the renewable energy levy to small consumers and households
ignores the fact that a national electricity-price watchdog no longer
exists as a result of the liberalization of the European electricity and gas
sector. The general assumption that the price of electricity would rise on
the European Energy Exchange (EEX) following the shutdown of eight
reactors proved to be completely wrong. Rather, large-scale purchasers
were able to buy electricity at historically rockbottom prices, without
having to pass on these price advantages to consumers.

Attitudes toward nuclear energy
The EU has been sounding out attitudes toward nuclear energy for years,
and publishes them in the Eurobarometer. Surveys of this topic must
generally be treated with caution because substantiated statements
about attitude changes require the same question to be asked over a
longer period of time. That said, it is a fact that nuclear energy has been
widely unpopular for years. Nevertheless, the Eurobarometer has not
published any up-to-date survey on the subject of nuclear energy since
Fukushima. An online survey of more than 18,000 people in 24 countries
conducted by Ipsos MORI in September 2012 showed that large majorities that oppose nuclear power do exist in the EU member states Germany, ltaly, Spain, Belgium and Hungary. However, advocates of nuclear
power were in the majority in Great Britain, Poland and Sweden. The
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notion that public participation and open dialogue can raise acceptance
of the risky technology begs the question as to whether this technology
is at all compatible with the principles of democratic societies.

Democracy and nuclear power
The catastrophic meltdown at Fukushima is a classic example of the “Promethean gap,” as Günther Anders called the gap between the imperfection of humans and the ever-increasing perfection of machines. The
atomic bomb attacks on Hiroshima and Nagasaki made Anders aware of
mankind's apocalyptic blindness. In his magnum opus “The Antiquity of
Man,” he criticizes modern technology and science in a series of essays.
Working together with Robert Jungk, he initiated the international movement against nuclear weapons, which later also addressed the civilian use
of nuclear power. In Fukushima, the Promethean gap took on another
dimension because technology was not set up to withstand natural disasters and the plant's safeguards also failed. Neither the on-site staff nor
the operator could prevent the catastrophic meltdown in Fukushima.
The crucial question is therefore this: Is nuclear power compatible with democratic societies? Robert Jungk had already warned
against the nuclear state and dehumanization. In the United States, not a
single nuclear power station that was commissioned after 1974 went
online following the Harrisburg meltdown. In Europe, Germany was not
the only country where nuclear phaseout was put on the agenda following the catastrophe in Chernobyl. At the present time, only countries
where nuclear technocrats have established a state within a state or
where there is no civil society are still relying on nuclear power. This is
why the German government's plan for nuclear energy to serve as a
bridging technology on the road toward the solar age in Germany was
wrong. A democratic society should not attempt to cross a bridge of
risks.
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The sun beams more energy to Earth in a single hour than
global fossil fuels produce in an entire year. Sunlight is free of
charge. And, by using it wisely, we could develop a clean and
secure source of electricity, heat and fuel. To exploit the full
potential of solar power, existing technologies must become
more cost effective and subsequent generations of solar-
energy systems must address broader needs. A plethora of
technologies has already been developed to tap the power of
solar energy. To realize the energy source's full potential,
research must focus on refining these technologies even further and on developing the next generation of solar cells.
But what are the technological possibilities? Is the
development of solar power receiving the financial support it
needs to achieve a breakthrough, or is too much emphasis
being placed on it, thereby distorting the normal functioning of
the market? Then there is the issue of location to address:
Solar energy is most readily available in Africa. Once produced,
it must be transported to other countries. Are such solar
energy projects designed too closely to meet European needs?
Are the interests of countries such as Egypt, Tunisia and
Morocco being sufficiently considered?
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The far-reaching change sweeping through the solar industry bears
distinct similarities to periods of consolidation experienced by other
sectors. Despite the momentary edge held by several Asian groups,
German companies have a major role to play.
There is hardly any other electricity-generation technology
that can beat solar power in terms of the elegant simplicity of its production process. Solar cells are not much more complicated than flat screens
– both are basically semiconductor materials. In one technology, light
goes in and electricity comes out. In the other, electricity goes in and
light comes out. Moving parts that are subject to wear and tear like gas
turbines? Hardly. A culprit in climate change like coal-fired power plants?
Not really. Debate about putting fuel in your car or on your plate? Not an
issue. Risk of a super-meltdown? Virtually zero. Dependence on fuel-price
risks? Limited, thanks to free sunshine. It is no wonder then that, even in
spite of the tough challenges associated with management and storage,
one of the two Shell scenarios published in 2013 sees solar power emerging as a dominant energy provider around the world in decades to come.

“The changes currently sweeping
through the solar industry have
parallels with the consolidation
phases experienced by other
business sectors. Companies can
learn from this experience.”
But when you read the headlines about the industry, you get
the impression that the market has fallen under the shadow of a partial
solar eclipse rather than being illuminated by the radiance of a sunrise.
Will the solar revolution fall victim to its own success? The collision of
China's massive capacity reduction and an abrupt drop in demand
brought on by the 2008 financial crisis sent prices spiraling downward.
The result: In 2013, it cost two-thirds less to install solar modules than it
did just four years earlier. In 2012 alone, module prices plunged by about
25 percent.
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One person's pleasure is another person's pain – while people who purchase solar units enjoy low prices, hardly any producers of
solar cells and modules are earning a single cent, even after making tremendous improvements to the efficiency of their production operations.
The long-term growth opportunities may appear to be endless. But the
short-term liquidity situation is becoming increasingly ominous for many
companies. You could say that this is a traditional consolidation process,
one that it is hardly unusual for a maturing technology sector. A market
consolidation during which some providers would disappear from the
marketplace and an armistice to the killer price war would be declared
could help steer the industry back onto a profitable growth path. And
companies with more stamina could look forward to enjoying a bigger
slice of the pie. Wind-turbine manufactures provide an illustrative example of this process – 10 years ago, this industry was brimming with small
companies. Then along came General Electric in 2002 and Siemens in
2004, and the industry began to consolidate. This consolidation trend
was also fueled by the growing capital requirements for ever-expanding
manufacturing capacities.
But consolidation processes do not always play out as textbooks say they will – just take a look at the aviation industry: As in the
solar sector, forecasts project a huge rise in global air transportation.
The airline business is also filled with providers whose profitability is
questionable. Once budget airlines began taking to the skies, fares came
under pressure. Nonetheless, the pace of consolidation is slow. As long as
a sufficient number of patient investors are willing and prepared to tolerate several years of losses, overcapacities will doggedly persist, particularly if countries attach a certain strategic significance to the industry.
Not everyone would suffer under such a development – consumers profit
from no-frills airlines in the case of aviation and from low module prices
in the case of solar power. Unlike airlines, solar cells are even good for
the environment. But cutthroat competition will do nothing to secure
jobs over the long run.
One major strategic challenge facing managers of solar companies is the search for alternatives to the commercialization of their
sector. The reason for this is obvious: As the core product increasingly
becomes interchangeable, companies must generate added value and not
focus solely on producing the cheapest megawatts possible. The history
of the computer industry serves as an illustrative example of this transformation. Once upon a time, companies could earn good money with
hardware. As time went by, though, value creation increasingly shifted to
software and system services – the industry's former top dog, IBM, subjected itself to painful changes in an attempt to keep up with the change
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sweeping through its business. But it ended up being left in the dust by
the new kids on the block – namely Microsoft, SAP and Google. It will
hardly be easy for production-focused solar companies to manage this
transition. As a result, new players will emerge onto the scene. With its
extensive experience along the entire value chain, Bosch would have been
a good candidate for this transformation. But faced with the high costs of
market entry at the time and the upheaval rocking the solar market, the
company surrendered before sunrise, scared off by the sizable investment
needs.
The foundation for a leading role by German companies has
already been poured. With 32 gigawatts of installed solar power capacity,
Germany had an edge over the rest of the world in 2012. Its wealth of
experience here includes integrating a rapidly expanding amount of
renewable energy into the power grid, developing smart inverters and
sharpening the precision of forecasts about solar-power production.
German companies could also draw on their experience to create an
export hit. This should be possible even when considering the balance-of-system costs, which are the costs for components and services
that go into setting up a photovoltaic unit for operations at a particular
location – excluding module costs. As a result of falling module prices,
these costs already made up more than half of a solar unit's price tag in
2013. In the United States, such installation costs were twice as high, and
in most of Asia's growth markets, the end-customer market was just now
getting under way in 2013.
The answer to the question of who will eventually cast a
shadow over whom in the global solar market has yet to be found.
Michael Eckart, the Global Head of Environmental Finance and Sustainability at Citigroup, once put it this way: “We have just put the first 40
years of a 100-year transformation behind us.” The companies that will
be leading the charge after this long march will need stamina and deep
pockets. Thanks to the West's long-running trade deficits, China has created a position of strength here that could shape the outcome of the
solar market – in the 10 years from 2003 to 2013, Germany alone
imported more goods, totaling €182.9 billion, from China than it exported
to the Asian giant. During that time, China's leadership in Beijing and
provincial governments declared photovoltaics a strategic sector and
poured money into it as a result. Some people may view the bankruptcy
of the Chinese company Suntech as a turning point in this revolution. But
in doing so, they overlook the fact that this case can also be viewed as a
sign of the battle being waged between private companies and the Chinese government for influence in this critical market of the future.
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It is expected that Asia will have a major say in the solar market of the future – not least as an investor in German companies, as was
the case with Hanwha Q-Cells. But this is no reason for companies to
twiddle their thumbs. The changes currently sweeping through the solar
industry have parallels with the consolidation phases experienced by
other business sectors. Companies can learn from this history. lf German
energy policymakers intend to play a constructive role in the turbulent
phase occurring at the moment, they should not underestimate the symbolic power of their words and deeds. lf investors get the message that,
as an investment location, Germany would pose fewer political risks than
other countries, this would make a valuable contribution to the effort to
lower the capital costs of renewable energies – virtually an energy-price
ceiling 2.0. As it stands, German companies stand a real chance of
becoming a major player in this important market of the future.
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Germany's Energiewende presents a huge challenge, one that will
surely lead to an increase in energy costs unless we adapt our strategy to use the latest research. New discoveries in the field of chemistry in particular will play a crucial role.
As the transformation of Germany's energy system – known
as the Energiewende – was first announced, some segments of the population were elated: Their dream of phasing out nuclear power, possibly
even achieving a carbon-free energy supply, were that much closer to
being realized. They were convinced there would be enough power generated by wind turbines and photovoltaic units, along with existing hydroelectric sources and emerging biomass power plants, to satisfy Germany's energy needs.
Others watched these events unfold with increasing concern. Aware of the fluctuations in wind and sunshine – the primary
sources of renewable energy in Germany, which don't complement each
other particularly well – these skeptics recognized the enormous burden
that would soon fall on the shoulders of the energy sector. On a monthly
average, wind blows twice as strongly in the winter as it does in the summer. The optimistic view of Energiewende backers that the lack of wind in
the summer months can be compensated for by greater generation of
solar energy is quickly refuted when one considers the need for electricity at night. Nobody wants to do without electricity during the day, but
they especially don't want to do without it during the night, when the sun
doesn't shine and there is no chance of generating solar energy. Regardless of how efficient and inexpensive photovoltaic cells become, they still
only produce power when the sun shines. When it comes to solar power,
the truth is simple: no sun, no power.
The solution has long been known to grid experts and is
even implemented on a daily basis for another type of power generation.
The key term here is load balancing. Let us assume that there are multiple
conventional power plants that regularly feed their electricity into a grid.
Since it's not yet possible to store energy other than in batteries and to a
lesser extent in capacitors, these power plants have to periodically
reduce their output to less than full capacity in order to adjust to fluctuating electricity demand. Load balancing makes it possible to handle shifting demand between day and night, weekends and workdays, even summer and winter.
Balancing mechanisms are heavily relied upon during times
of peak demand, a phenomenon that occurs for only a few hours a day. A
power plant operator who has reserve capacity during hours of peak
demand can sell electricity for well above the daily average rate. It therefore makes good economic sense to maintain reserve capacity during this
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limited time frame or to store extra electricity during these hours, even if
such storage costs extra time and money. The only form of mass electricity storage that has so far proven successful is the roundabout method of
converting electricity into potential energy, which can then be reconverted when it is needed. One way of doing this is to use pumped-storage
hydroelectricity. In this method, a reservoir is built at the top of a mountain that has a river or lake at its base. Between the upper reservoir and
the river or lake, engineers lay a series of tubes. When energy demand is
low and electricity is available in abundance – and is therefore cheap –
water is pumped from the lower water source to the upper reservoir,
where it is stored. When demand rises, the water is released through the
tubes back into the lower reservoir. Along the way it spins turbines, generating electricity for the grid at the premium rates that occur during
peak demand.

“Germany should build
solar-thermal power plants in
the deserts of North Africa,
thereby creating capacity in
excess of the respective host
countries' energy requirements,
and then import the surplus.”
This doesn't just sound complicated – it is complicated.
Besides requiring a high capital investment, this method also means that
electricity has to be produced twice. Since energy is required for pumping the water to the upper reservoir, conversion losses of 20 percent to
25 percent must be factored in. Furthermore, the amount of energy that
can be stored is limited by the volume of the upper reservoir. Still, this
method of storing energy is considered an economically viable option.
Grid experts have always dealt with load fluctuations with
load balancing and pumped-storage hydroelectricity; their current concerns deal with the unpredictable forces of nature, particularly wind and
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sun. Although these forces can be predicted to a degree, when the wind
doesn't blow or the sun doesn't shine, they can't simply be replaced.
Other energy storage technologies currently being evaluated
– such as using surplus energy to synthesize hydrogen and carbon into
methane, which can then be stored in the gas grid and converted to electricity on demand – have losses of 60 percent to 80 percent. Researchers'
attempts to further develop this technology run up against insurmountable physical limitations.
lf larger and larger quantities of electricity are derived from
fluctuating sources and storage capacities remain limited, energy supplies
can only be secured by relying more heavily on fossil fuels. This means
that most of our electricity is generated by imported natural gas. A
smaller portion is generated by domestically mined lignite, which has a
devastating impact on our climate.

Bridging the gap just wastes money
Germany's desire to generate its electricity entirely from renewable
sources and at the same time provide security of supply has proven to be
less than realistic. The country's dependence on natural gas persists, and
emissions from lignite-fired power plants will continue to damage both air
quality and human health. This combination is nothing more than a temporary solution, since natural gas will be so expensive in 40 years that no
one will want to burn it to fire power plants. As a result, investments in
gas are therefore as worthless as those in nuclear power plants. The
proper strategy here would be to search for a permanent solution using
renewable energies, rather than stumble from one costly temporary solution to the next.
Scientific studies commissioned by the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety and
carried out by the German Aerospace Center between 2004 and 2006
have shown a way forward. These studies have demonstrated how, with a
little help from the sun, a flexible energy supply can be created that is
equal or superior to power plants fired by fossil fuels.

Concentrating sunrays offers a solution
On the Mediterranean the sun shines very strongly and consistently –
more so along the southern coast than the northern. As in almost all
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desert regions, the sun's rays are more powerful there than they are in
the northern regions. By using mirrors to concentrate sunrays, very high
temperatures can be produced.
In 1913, American engineer Frank Shuman used parabola-shaped mirrors to produce this effect in Egypt. The resulting heat powered a steam pump that delivered water from the Nile to nearby cotton
fields. With the outbreak of World War I, however, the project fell by the
wayside.
Starting in the 1980s, as the price of oil skyrocketed, numerous solar collectors were constructed in California's Mojave Desert. Their
primary purpose was to convert the energy of the noonday sun into electricity by generating steam to power a turbine. The turbines were connected to generators, which then provided electricity (mostly used in
air-conditioning units) during the hottest part of the day. The 354-megawatt plant is still running today, with perfectly satisfactory results.
Researchers in the United States also looked into the possibility of storing heat collected during the daytime in molten salt mixtures,
which could then be used to generate electricity at night. Although the
potential benefits of this kind of technology seem obvious – that is, storing natural energy in a kind of “raw material” to be used on demand at a
later date – it was first implemented for commercial purposes in southern
Spain at the beginning of the new millennium. With losses of less than 2
percent and storage sites adjacent to power plants, molten salt mixtures
constitute an improvement over the storage potential of pumped-storage
hydroelectric plants. It is comparable to a coal supply at a conventional
power plant, which is topped up every day with new coal and always
stands ready to fire the plant's engines.
Since early 2009, the 50-megawatt Andasol 1 solar plant in
Andalusia, Spain, which has seven hours of thermal storage capacity, has
been supplying the grid with electricity. The plant's success led to
Andasol 2 and Andasol 3, built to the same specifications as their predecessor. Spain also has another plant now, Gemasolar. It has enough thermal storage capacity to generate electricity for a full 15 hours past sunset, which makes it possible to supply consumers with power around the
clock – at least in summer, when the sun shines longer than it does in
winter.
It's easy to imagine locating this type of solar plant in a more
southerly locale, such as Luxor or Aswan in southern Egypt, where it
could provide a 24-hour supply of electricity, even in winter. These plants
would typically also have access to a gasfired reserve generator, to supply
power on those rare days when the sun doesn't shine. These factors
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make them ideal for countries with large amounts of sunshine to successively replace conventional oil and gas in electricity generation.
It follows that countries with enough desert space can lower
their ever-increasing expenditures on oil. While it's true that the technology currently requires steep upfront investments, these will decline as
the technology becomes more widespread, especially if some of the necessary components can be produced domestically.

Solar-thermal power plants balance loads and
desalinate sea water
Solar energy made available around the clock and on demand thanks to
thermal storage can compensate for the fluctuations inherent in other
renewable resources, thereby helping these forms of power to become
more competitive. A grid with a diverse portfolio of renewable energies
– including solar energy plants with thermal storage – could completely
compensate for fluctuations and ensure a full supply of electricity at any
time. In this scenario, solar-thermal power plants would provide the requisite load balancing. This would be possible for North African countries,
which could combine the technology with sustainable, climate-neutral
desalination of seawater.

40 %

Importing solar power from
North Africa for load balancing could reduce German
investments in new facilities,
storage and transmission
lines by 40 percent.

By heeding the following suggestions, Germany's Energie
wende could profit enormously from such electricity production in the southern Mediterranean region:
 ermany should build solar-thermal power plants in the desG
erts of North Africa, thereby creating capacity in excess of
the respective host countries' energy requirements.
 ermany should import the surplus electricity with efficient
G
high-voltage direct current (HVDC) power lines.

	The clean power coming from North Africa should incrementally replace energy from phased-out nuclear and coal-fired
power plants. The transmission lines could then be hooked
up directly to the infrastructure of the phased-out plants.
A new study by the German Aerospace Center demonstrates how the
strategy of importing solar power from North Africa for load balancing
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– when compared to the strategy of expanding capacities of fluctuating
energy-producing sources – can reduce the necessary investments in new
facilities, storage and transmission lines by 40 percent. This will allow for
a less expensive, more stable price for electricity, since it is almost
entirely independent of the rising prices of fossil fuels.
These technologies still require further development of
energy-storage methods, dust-repelling mirror surfaces, high-capacity
storage batteries and materials that allow for efficient energy transmission. The innovative contributions of the chemical industry are needed in
this area.
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The transformation of Germany's energy system – known as the
Energiewende – is well underway. In this process, utilization of the
sun's energy is particularly crucial, as this holds the greatest potential by far. Thanks to the drastic price reductions for photovoltaic
systems over the last decade or so and astounding technological
advancements, this industry will play an increasingly important role
across the globe in the future. The challenge will be for Europe to
retain its leadership position in technology.
The survival of a technology-oriented human race on Earth
will not be possible without a rapid transition to sustainable use of limited
resources. The top priority here is to address the rapidly growing demand
for energy, which has primarily been met by fossil fuels. This fuel source
not only has a limited supply, it is also responsible for increasing climate-damaging greenhouse gases to levels this planet has not seen in
more than a million years. These gases, particularly CO2, endanger the
delicate balance that the global climate has maintained over the past
10,000 years. As a result, storms of unprecedented magnitude, sudden
climate fluctuations and effects on the balance of the Earth's drinking
water – factors even the best climate experts cannot reliably simulate –
pose real threats. Human beings are in the process of carrying out a
gigantic experiment with their planet, and the outcome is uncertain.
At the same time, it seems possible we can still completely
avoid this scenario. Moreover, an effective prevention strategy would also
offer the economic benefit of creating new technologies along with a
large number of jobs. Transforming the energy system as quickly as possible so that it relies on sustainable sources of energy could amount to a
global economic recovery program. In addition to hydroelectric power,
which is already widely used, these sources include sun, wind, biological
waste and geothermal energy. By using these sources of energy, the
remaining supplies of oil, gas and coal can be retained for future generations to use, for example, as raw materials in the chemical industry. Simply burning these fossil treasures would certainly result in today's generation being reproached in the future for being irresponsible and wasting
resources.
Of all the renewable energies mentioned, solar power sets
itself apart by having the greatest usable output. The cost of photovoltaic
systems, which employ the direct conversion of sunlight into electricity,
had sunk in 2013 to a level one-tenth of what it was 20 years before. In
2013, you could buy a system in Germany with an output of up to 5 kilowatts for about €7,500, such that even in less-than-sunny Germany, electricity generation costs totaled around €0.10 per kilowatt hour. In sunny
countries, solar power can be produced at considerably lower prices if
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bureaucratic obstacles and corruption do not drive up local costs. In
Germany, these lower costs will continue to fuel the boom in solar power
units for private households, local cooperatives and companies. Through
the economical use of energy and the intelligent integration of thermal
and electrical storage devices, a person could use 60 percent to 80 percent of the electricity generated by such units for his or her own consumption. For this reason, the issue of feed-in tariffs within the framework of the German Renewable Energy Act (EEG) is losing relevance over
time.

“Human beings are in the process of carrying out a gigantic
experiment with their planet,
and the outcome is uncertain.”
As a consequence, one detail went largely unnoticed about
the broadly publicized increase in the EEG apportionment that took effect
on Oct. 15, 2013: Wind and solar power systems joining the network the
previous year were responsible for less than €0.002 per kilowatt hour of
the less than €0.01 per kilowatt hour increase. This is why the existing
regulations, which still call for a decrease in remuneration for feeding in
electricity generated by wind and solar power systems, can continue
without any problems. On the other hand, by far the greatest portion of
the increase in the EEG apportionment relates to the fact that the number of companies exempted from the apportionment rose and the price
on the electricity market dropped to about €0.04 per kilowatt hour. In
this regard, there was certainly need for improvement in an amendment
to the EEG in 2014 in order to limit further levy increases.
The low price on the electricity market is making Germany
increasingly attractive to energy-intensive companies. It remains doubtful, however, that the drop in electricity prices was not solely triggered by
the rapidly expanding feeding in of solar and wind power, but also partially triggered by the growing proportion of electricity generated from
coal. This harmful development must be quickly corrected through the
implementation of a minimum fee for CO2 certificates or direct taxation
of climate-damaging CO2 emissions.
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But let's return to solar power. Countries such as China,
Malaysia, Korea and Taiwan have recognized and encouraged the use of
solar power as a strategic goal, and interested entrepreneurs have
received easy access to investment funds. This has enabled them to
develop solar power production capacity in just a few years that is now
about twice as large as market volume, with German system producers
having built more than half the systems there. Against this backdrop, it is
not surprising that the prices for photovoltaic modules fell drastically and
that modules from inventories are often still being sold a good deal below
the original cost of production.

New opportunities for solar power

10,000
GW
will be required to cover 10
percent of worldwide electricity demand using photovoltaic systems in 2050.

On the other hand, today's solar power prices are opening the door to
this technology around the world. It's especially interesting to consider
the cost of generating electricity by burning oil. About two barrels of oil
are required for 1,000 kilowatt hours of electricity from diesel generators
and oil-fired power plants. On the global market, they cost more than
$200 in 2013. Just the fuel costs alone resulted in electricity costs of
more than $0.20 cents per kilowatt hour. Since these kinds of prices
would be unreasonable for the inhabitants of many countries, electricity
prices had to be subsidized worldwide to the tune of about $500 billion
annually as of 2013. Although many of the people involved in the existing
energy system earn a good living, this factor will accelerate the growth of
the solar power market. Experts expect the worldwide market for photovoltaic systems, which totaled about 30 gigawatts of newly installed output in 2012, to increase to 37 gigawatts in 2013 and to 100 gigawatts by
2020. These are still small amounts compared to the expected installed
capacity of over 10,000 gigawatts by 2050, which will be required to
cover just 10 percent of worldwide electricity demand using photovoltaic
systems in 2050!
These immense growth prospects cast a different light on
the energy discussion taking place in Germany today. While the worldwide trend toward generating electricity from renewable energies (which
was decisively stimulated by the EEG) cannot be held back, the issue now
is the scope of Germany's and Europe's role in this global development.
Germany is a leading player in the technologies related to the Energiewende, particularly in the area of solar power. This position should not
be jeopardized, which is why the goals of the Energiewende must continue to be boldly pursued. This is the only way a transition to the effi-
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cient use of 100 percent renewable energy can be achieved. A considerable number of jobs also depend on this.
The solar power industry faces a significant challenge. In
light of the drastically reduced prices for solar power systems, the issue
is to manufacture the next generation of solar power modules in highly
automated factories at the lowest possible production costs with
increased efficiency. It is essential for local manufacturers of photovoltaic
systems to start a reference project in Europe. Ideally, it should be based
on a European consortium and be supported by guaranteed credit from
the European Investment Bank. Of course, the Energiewende involves
more than just providing renewable energies. Energy storage devices are
also an important issue. A large variety of storage technologies are available in Europe. Increasingly, there will also be excess solar- and wind
generated electricity that can be conveniently used to generate hydrogen. In the case of the expected growth in hydrogen-powered fuel-cell
cars, this can constitute a very efficient source of the required hydrogen
that does not necessarily need to be converted to methane through the
use of large amounts of energy.
Also assuming an important role is the network and the
information technology that must regulate and optimize the flow of electricity, gas and heat in a cross-management system that has yet to be
developed. The “smart grid” will send electricity consumers a signal
about the price so they can adjust consumption according to the particular electricity costs. Consumers receiving power from non-central
sources, those, for example, equipped with photovoltaic systems and
batteries, will quickly adjust their consumption so that 80 percent or
more can be covered by their own production.
It is not yet clear when large-area interconnectivity of electricity systems will be in place, which is the foundation for the Desertec
project, where solar power from the desert is to be made available in
Europe. In the sunny countries of North Africa, renewably generated
electricity will initially be needed for the rapidly growing local power
demand. Once this has been satisfactorily addressed, the diversion of
excess electricity northward, i.e., to the parts of Europe that receive less
sunlight, can be considered. Prior to this, however, the sunny countries of
Europe, e.g., Spain, Portugal, Italy, Greece, Croatia and Bulgaria, will also
want to take advantage of their location to produce cheap solar power
for Europe. Beyond 2050, a worldwide interconnected electricity system
will also be possible. The loss of high-voltage direct-current transmission
using today's technology totals only 3 percent per 1,000 kilometers. This
figure makes worldwide interconnection economically attractive. In coming decades, we will see whether even cheaper transmission of electricity
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on the gigawatt scale will be possible using high-temperature superconductivity.
Beginning in 2050, solar power will cost only a few cents per
kilowatt hour and be accessible on a global network. In contrast, nuclear
energy shows that inflexible fusion reactors (if they supply electricity at
all) have to be operated around the clock, just like fission reactors. For
this reason, reactors will no longer have a place in the flexible electricity
system of the future, a system with greater decentralization and interconnection.
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The huge quantities of industrial and residential waste produced every day could be reduced with better recycling and
improved downstream processing. To conserve resources, our
initial purchasing decisions should take greater account of prod
uct life cycles. The environmental impact of a product is largely
determined in the product's planning phase. That is why it is
important to start thinking – and acting – in terms of life cycles,
and this has to be done across the entire value chain.
Just what role do designers play? Do they too often
overlook the details of the objects they design, such as where
these products are made, what consequences their use has and
what impact they have on the environment? Requirements for
companies to complete life-cycle analyses of certain products,
regardless of the actual production total, could lead to high
bureaucratic costs that could create problems particularly for
smaller companies.
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People view themselves as defilers of the planet. Plagued with guilt,
they strive, minion-like, to use resources as efficiently as possible.
Dim-witted efforts to achieve environmental efficiency are actually a
killer of real innovation and stand in the way of an industrial renaissance. But alternatives do exist.
Humans are the only living beings that produce waste. The
biomass of ants is many times that of humans. But ants are not accused
of threatening the environment with their presumed overpopulation. The
opposite is true: Ants are extremely helpful creatures. Rain forests could
not exist without them. In the end, it all boils down to a question of dealing with material streams. Ants convert all the materials they need back
into nutritive materials. Instead of approaching waste as humans do, with
non-stop avoidance, reduction and minimization as a way to shrink their
environmental footprint, ants' intelligent, passionately wasteful ways
create a very big environmental footprint. But this footprint poses no
threat at all. It is really quite helpful.
The Environmental Protection Encouragement Agency
(EPEA) bases its actions on the smart wasteful practices found in nature.
At the end of the 1980s, it developed a system that breaks down products into three categories: The first category is biological nutritive substances, that is, traditional perishables that return to the biological nutrient cycle once they have been used. The second category involves
technical nutrients, so-called consumer goods. And, finally, there are
unmarketable products. This category encompasses everything that cannot be marketed and is declared industrial or household waste.
In one of its first projects, the EPEA disassembled a television set in 1987 and found that it contained 4,360 chemicals. At the time,
people who raised questions about the need to own 4,360 chemicals
were occasionally branded “eco-communists.” The label was a nod to the
Cold War, during which the concept of ownership was put on a very high
pedestal. And those who questioned this concept were simply painted as
Reds. The continuing relevance of the EPEA experiment in 1987 is demonstrated by the ban on lead in electronic products that the European
Union imposed in 2006. The other 4,359 chemicals are not addressed by
this ban. Replacing lead in soldered joints actually had a devastating
effect because the materials used to replace it – zinc, silver, copper, nickel
and bismuth – are either toxic substances or rare metals. In nature, bismuth is generally only found with lead. As a result, the production of one
ton of bismuth creates 10 tons of lead. This gives rise to another cheap
market for lead. It is ludicrous that valuable raw materials like copper
worth millions of euros are stored in dumps while biological nutritive
substances are destroyed in incinerators.
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Thinking in nutrient cycles
The intelligent product system led to the creation of cradle-to-cradle
design. The underlying principle of this approach is smart nutrient management. It involves two cycles – one technical and one biological. Biodegradable substances circulate in the biological cycle. The technical cycle
encompasses materials that are constructed in a way that enables them
to return to industrial cycles. Waste as we have come to understand it,
the kind that ends up being incinerated or dumped at a landfill, no longer
exists. Products are developed in a manner that assures that raw materials are free of toxic substances and can be recycled almost endlessly in
their life cycle. In the cradle-to-cradle principle, all materials that go into
the production of something – whether biological or technical – are seen
as nutrients, renewable sources of energy are used and diversity is promoted.

“Humans are the only living
beings that produce waste.”
To use the example of the television, this might translate into
the following: People will no longer have to buy the hazardous-waste
product known as a television set. Rather, they will rent a service called
television. The manufacturer will remain the owner of the device and will
have developed a logistics system to keep the hazardous materials in the
technosphere. In addition, if very valuable plastics were used at the start
of production, the material could be sold on a futures exchange at a later
date and then used for such purposes as automotive parts, consumer
electronics or window frames. Because the materials belong to the manufacturer, it can use the best ones. This will also benefit users, because a
large number of materials emit toxic substances under today's conditions.
The result: Average indoor air is three to five times more polluted than
outdoor air is.
The first product of cradle-to-cradle design was a biological
nutrient in the form of a biodegradable, “edible” upholstery. The seats of
the Airbus A380 are upholstered with these edible materials. The EPEA
also joined forces with the Ford car company to develop a car that is
designed to last the customer a maximum of five years and 100,000 kilometers, and is sold in a package that includes taxes, fuel, maintenance
and insurance. Once the five-period has run out, the car is sent back to
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take a bath. The body is not welded because weld joints are difficult to
separate. lnstead, the car is held together by adhesive bonds that can be
broken by special enzymes. In a final step, the car can be dismantled like
Lego blocks. The automaker can use the components to produce something new or manufacture something similar to the original item.

Guilt management instead of innovation
In the wake of such environmental disasters as Seveso, Bhopal, Chernobyl
and Basel, society has perpetuated this idea that humans are the Earth's
greatest enemy. For this reason, creative, sensitive people choose to
study law and business instead of engineering and natural sciences. This
attitude has cost Germany, in particular, an entire generation of creative
scientists and engineers. And those who were or went on to become
scientists go about their work with a guilty conscience. This feeling of
guilt resulted in the development of the Brundtland Report, the concept
of environmental efficiency, zero emissions and a commitment by people
and companies to minimize their own environmental footprint. Highly
efficient waste-management technologies were developed as well. People
still believe that the environment can be protected by incinerating sludge.
Environmental protection is defined as “destroying less.” This is like saying child protection means “beating children less.”

Guilt management is not enough
But nothing is protected when less of something is destroyed. Actually,
the opposite is the case. It means the wrong systems and the wrong
products are being perfected. This is the wrong approach. For this reason, we have replaced the term “efficiency” with “effectiveness” when
addressing environmental issues. Nature does not conserve, abstain or
prevent, except in situations of extreme shortage. Nature is more like a
well-oiled machine.
A young generation of new scientists has emerged on the
scene, and they are determined to avoid producing any chemicals that
can accumulate in living beings, cause infertility and serve no biological or
technological purpose. They are running head-on into a generation of
managers who have spent the last 20 years preventing, reducing, abstaining from and optimizing the wrong products. Typical examples are carcinogenic catalysts in polyethylene terephthalate (PET) that are even
approved for human consumption. Obviously, something like titani-
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um-based catalysts that can be harmlessly fed back into the biological
cycle are much more difficult to introduce to the market when they come
up against that. This is also the case in the search for ways to replace
ethylenediaminetetraacetic acid (EDTA), a non-biodegradable chelating
agent found in thousands of products. The acid could be replaced by
others. But these products have not reached the marketplace because
the wrong processes were optimized.
EPEA has worked with Trigema to develop a biodegradable
T-shirt. As a requirement, all ingredients used in the T-shirt had to be
registered, evaluated and authorized under REACH, the European chemicals directive. But if a similar shirt containing toxic materials as well as
skin-damaging and carcinogenic substances is imported to Europe from
China, it does not have to be registered, evaluated or authorized. Disposal of the Chinese product requires high-tech methods, not to mention
the health threat it is poses. As a result, the risk is passed on to society
while the private sector rakes in the profit. This example illustrates
REACH's position as the peak of guilt management for chemicals that
were never developed with people and the environment in mind. It has
allowed governments to legalize huge amounts of toxic materials.
In the United States, researchers tend to have an easier time
with innovations. While researchers in Germany, particularly at universities, are primarily paid to find problems, they generally earn their money
for generating solutions in the United States. In Germany, everyone is
interested in problems. After all, political leaders can sit back and twiddle
their thumbs as long as research is being conducted. As long as the
research continues, industry does not have to deal with liability problems
and university studies keep receiving funding. Truly innovative ideas have
a hard time gaining traction. They have to be marketed in other countries. The MP3 player, based on a technology developed in Germany, is
one of the best examples of this practice. The money it generated has
ended up in someone else's pocket.

The next industrial revolution?
Ever so gradually, German political leaders are beginning to realize that
the cradle-to-cradle approach can generate innovation. The industrial
basis for developing the idea in Germany, the industrial design and the
intensity of the environmental discussion are actually creating the ideal
conditions for this. lf the human race could ever learn to play a beneficial
role on Earth, instead of a destructive one, on behalf of people and all
other forms of life, the world would no longer have an overpopulation
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problem. Instead of pondering the problem of overpopulation, the human
race could turn its attention to the fate of every single child.
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Products have
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materials
have many
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management. He teaches environmental and social management at various European universities. Besides his consulting
work, he is director of a company dedicated to sustainable
products.
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When it comes to improving our well-being, we must commit ourselves more than ever before to the use of healthy materials in production. We must also use high-quality raw materials in order to
provide an incentive to reuse and recycle, rather than simply discard
used products. This is particularly pressing in light of our fast
depleting resources and the fact that our throwaway consumer lifestyle is causing global warming, increased environmental pollution
and industrial and nuclear accidents. This lifestyle has a negative
impact on human health as well.
Today, half of the world's population lives in cities. Urban
environments pose a greater threat to ecosystems, air and water quality,
and human health than rural environments. Quality of life and ecological
balance are also affected by chemical substances used in products and
services. Some 50 million U.S. citizens suffer from allergies (1), and allergies cost Europe a great deal of money (2). A study commissioned by the
European Union identified a connection between allergic reactions and
the chemicals used in textile manufacturing (3).
Our work environments have a direct effect on our well-
being, since people in Europe and the United States spend 80 percent to
90 percent of their time in buildings (4). The percentage of time we spend
working in buildings is increasing, and studies are establishing connections between poor indoor air quality and multiple chemical sensitivities (5).
Berlin's residents consumed an estimated 26.4
million kilograms of detergents and cleaning agents and
disposed of 35.2 million liters of contaminated water per
year as of 2013 (6). According to Germany's Federal EnvironBerlin's residents consumed
mental Agency (7), many of the chemical ingredients coman estimated 26.4 million
kilograms of detergents and
monly used in detergents and cleaning agents are not suitcleaning agents and disposed
able for introduction into aquatic systems, since they cannot
of 35.2 million liters of conbe removed by water-treatment plants and therefore turn up
taminated water per year as of
2013.
in our public water systems.
As of 2013, the average European produced
over 500 kilograms of garbage each year. Three-fifths of this garbage
wound up in dumps or was incinerated. Contained in that waste were
recyclable materials worth upwards of €5 billion. Rates of recycling vary
widely throughout Europe. The region of Flanders in Belgium recycled
approximately 75 percent of all the waste it generated as of 2013, while in
Austria and Germany those figures were 70 percent and 66 percent
respectively. Some countries recycled less than 10 percent of their generated waste (8). With these recycling figures it can be assumed that
so-called downcycling is prevalent. Downcycling refers to the decreased

26.4
mill.
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quality of a material after it has been recycled. Old clothes, for example,
can be recycled as insulation material but cannot be turned into new
clothes. Recycling textiles leads to a loss of functional quality, until the
fabric is finally incinerated or sent to the dump.

Focus on safe materials and high quality
There is a broad range of concepts and approaches for safe and sustainable production. Three examples include responsible care, risk-based
process safety and green chemistry. However, all of these concepts are
too passive, too slow and too inefficient to fix the countless public health
and environmental problems that result from expanding urban spaces and
a rapidly growing world population.
In the last 20 years, concepts have been developed to collect
and analyze data from the entire life cycle of a product and the entire
commodity chain. But these life-cycle analyses and ecological footprints
are not geared toward future qualitative improvements. When it comes
to optimizing products, qualitative health criteria have to take center
stage to ensure that products harm neither people nor the environment.
At the same time, recyclable materials and products have to be developed to avoid waste incineration and dumping.

Transparency
The world is currently undergoing a shift in consumer consciousness and
behavior that is in turn changing the way companies and organizations
operate across the value chain. Online petitions are compelling companies to change the ingredients of cosmetic products, as the successful
petition (25,000 signatures strong) against the use of parabens in a children's personal care product demonstrated. Studies have show that parabens disrupt or mimic hormones (9).
Conscientious consumers the world over are buying “good
products” in ever greater numbers. “Eco stores” are popping up everywhere and organic grocery stores are booming in China, Russia, Europe
and the United States. New smartphone apps fill consumers in on a product's ingredients, allowing them to make a decision on the basis of sustainability criteria.
Countless NGO campaigns, such as Greenpeace's Detox
campaign, have been raising consumer consciousness about the upstream
and downstream effects of products and their chemical compositions.
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Respected environmental seals help shoppers make sound purchasing
decisions. Renowned certification programs such as GOTS (textiles),
IONC (cosmetics) and Cradle-to-Cradle® (various product types) have
given environmental and health concerns a place of prominence among
their certification criteria. Total transparency and a comprehensive evaluation of a product's ingredients or components are required for certification. By using lists of chemical substances that have been deemed nonharmful (known as “positive lists”), adverse environmental and health
effects are avoided early on in the product's design and development. In
the future, transparency regarding a product's chemical ingredients as
well as the use of chemicals with beneficial effects will become essential
components of product design.

Product design geared toward recycling
When we dispose of or incinerate products after using them, we lose
valuable materials. lf, however, we design products using chemical substances on the positive lists as described above, we have an incentive to
recapture these high-quality materials. The key here is product design
that factors in the eventual recovery of materials right from the very
beginning. The entire life cycle of a product, from sourcing and production all the way to consumption and disposal, should be conducive to the
recovery of materials.
One approach is product design that takes into account the
disassembling and recycling of materials. This means that the materials
used for complex products are selected and combined in such a way that
the product can be disassembled and its material components correctly
sorted after it has been used. lf adhesives are used in production, the
specific adhesive is selected based on whether its adhesive qualities can
be reversed through the application of heat or by other means. Combining materials that cannot be separated later is undesirable, since this
precludes recycling (as is the case with certain composite materials).
More research and development will be required on this front in the
future.
One example of this type of design is a plan for children's
overalls with many “lives”. The fabric “grows” with the child, in the sense
that for each new phase in a child's life, the same material can be reused
for new clothes. This plan is based on clothing with the Cradle-to-Cradle® certificate from Van Puijenbroek's Rework brand in the Netherlands.
The material was designed specifically for comfortable contact with skin,
and after it has run its course as clothing the material can be composted
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– another benefit of using non-harmful chemical substances. At the end
of the product's life cycle, recovered fibers of sufficient length are combined with new fibers, while those too short are composted. Thanks to
the product design, this idea is able to create a continuous recycling of
material. The Rework brand work clothes were developed in collaboration
with Environmental Protection Encouragement Agency (EPEA) and
Michael Braungart.

A circular economy with non-harmful
chemicals
The present day is particularly fascinating, with the constant reimagining
of product design, sourcing, production and recovery. lf production processes could be reworked to encompass the entire product life cycle and
be geared toward products with positive environmental effects, this
would constitute a significant step forward.

“The time has come to
collaborate across sectors
and disciplines, so that we
can jointly shape an effective
program for product design
and development.”
To enable a circular economy, chemists, product designers
and engineers must work together on product development. Innovations
that contribute to a new definition of industrial quality will focus on
chemicals and materials that have a positive effect on people and ecosystems as well as allow for perpetual recycling. Such a perspective will also
motivate university students, since research and development are geared
toward positive and sustainable goals.
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Today, the circular economy is developing apace. More and
more companies are adopting models for the recovery and recycling of
high-quality raw materials. The time has come to collaborate across sectors and disciplines, so that we can jointly shape an effective program for
product design and development.
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The history of chemistry is a story about how the mobilization of
materials and their utilization can improve living conditions and satisfy aesthetic requirements. For many years, substances and materials, such as metals, paints, lacquers, soaps and fragrances, were
obtained from nature in small quantities with comparatively little
effort or produced locally with an adequate level of purity. For most
of human history, an empirical and manual approach to this work
was taken.
With the advent of chemistry as a science some 200 years
ago and the knowledge of the targeted conversion of materials which
comes with it, chemistry took off as a branch of industry in ways unfathomed. It became an essential guarantor and driver of the very high material standard of living in developed countries. For many years, this success
led to a host of different strains on humans and the environment. Up
until the 1990s, unintentional emissions in the form of waste materials,
wastewater and exhaust gas were the main source of environmental pollution associated with the production of chemical products and materials.
Thanks to the successes of technological environmental clean-up measures, these emissions now play a negligible role in developed countries.
Back then, it was already recognized that “the actual emissions of the
chemical industry are the products,” explained Eberhard Weise, Chairman
of the Board of Management of Bayer AG at the time.

Large and complex substance, material and
product flows
The success of industrial chemistry triggered an unprecedented increase
in anthropogenic substance, material and product flows. At the same
time, the compositions of these substances, materials and products were
becoming ever more multifarious, dynamic and complex. Because products are also distributed globally and available on the market in different
compositions for the same purpose, a huge apparatus for material conversion evolved, which grew – just like the accompanying mobilization of
materials – as a result of the use of fossil fuels, among other resources.
As a raw material used to produce materials and energy, oil played a key
role here. But the supply of oil and other resources are not infinite.
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Thermodynamics and the limits of recycling
Taking an approach based on models is frequently seen as a solution to
the upcoming challenges of material flow management. Material cycles
facilitated by recycling and the application of the “nature as a model”
approach are two such examples. But these models have limitations
which are of fundamental importance when transitioning to sustainable
chemistry. As a result of globalization, anthropogenic material flows,
including those of natural materials, can once again be found in today's
economy in very high concentrations in space and time, in rapidly changing compositions and in highly dynamic environments. In comparison to
geological and evolutionary timescales, material flows are thus subject to
incredibly rapid changes.
The larger, more complex and dynamic the flows, the greater
the amount of energy is required to keep them going. This is accompanied by an increasing amount of entropy production, which is not only
evident in the loss of usable energy, but also in the occurrence of environmental and health hazards, a loss of materials or a reduction in their
quality. Nature works efficiently if it is geared toward effectiveness. This
can be seen in sophisticated recycling cascades for easily reducible materials and for materials with only a few simple building blocks. Modern
chemical products, however, are usually more complex. Even simple plastic bottles usually contain more than just one building block.
This means one thing: While nature can effectively and efficiently work with homogeneous, easily degradable and spatially and temporally limited substances which are, overall, close to thermodynamic
equilibrium and generate relatively little loss, the anthropogenic substance and material turnover of modern economies is rather a continuously redefined and derailed metabolism. A globalized, high throughputoriented material- and energy-intensive industry with short production
times and a large variety of materials within individual products and substance flows (even if they are “uncontaminated”) is far removed from
thermodynamic equilibrium and results in great losses. Since substances,
materials and products originally produced with a high level of purity and
a great deal of effort are becoming increasingly mixed, enormous efforts
must be made when recycling to avoid losses at various points within the
supposed cycle. The purer the materials are to be, the greater the energy
required. This allows individual metals, such as rare earths, to be recovered from electronic scrap at a high level of purity. At the same time,
though, the quality of other substances and materials, such as copper,
often declines as a result.
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The consequences of complex highperformance materials and complex products
Modern materials and products are characterized by an increasing variety
of components that are combined with one another on an atomic and
molecular level. Electronic components, so-called high-performance
materials and plastics, as well as many “normal” plastics often contain a
variety of different characteristic-modifying additives. This variety normally makes depolymerization impossible. Even if depolymerization is in
fact possible, the results are heterogeneous compounds which in turn
can only be separated using more energy, with all the consequences
described. In this respect, perhaps these modern materials are not as
forward-looking as previously thought.
The same applies to the components of many products,
such as cars, refrigerators, cell phones and televisions, which cannot be
separated from one another. This means that they cannot be easily
repaired, parts cannot be reused and they cannot be separated by material (or at least broken down into individual components) before recycling. Overall, this leads to unnecessarily large and heterogeneous material flows.

The inefficiency of efficiency
Efficiency is frequently emphasized within the context of resources,
including in the sense that the most distinctive possible modifications of
the material characteristics must be achieved with the lowest possible
concentration of a substance in a product or material matrix. The question that then arises, however, is “What's the limit?” The smaller the
amount of a component in a product, the greater the effort required to
extract it again – if the energy required for this is even available. Beyond
a certain limit, reclaiming in the sense of recycling is thus economically
and technologically pointless or even impossible. As a result, valuable raw
materials are disposed of as trace components with the products and
materials which contain them and are lost to further use. As efficiency
increases, a smaller quantity of valuable materials is required for each
product unit. Per-unit costs decline as a result. However, this causes
more to be sold, and this economy of scale ultimately causes more raw
materials to be consumed than before (rebound effect). Increasing
resource efficiency per unit can thus easily lead to overall greater consumption of raw materials.
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“In the future, a chemistryoriented mentality, as opposed
to a marketing-driven one, will
be necessary.”
A level of efficiency that is too high thus has the opposite
effect of that originally desired. All the same, this does not mean that we
should disregard efficiency. In fact, the goal is to determine optimum
efficiency under the conditions of the entire lifespan of products in the
complete system, including economic and societal aspects.

lntended entry into the environment

Benign by Design is a concept
of sustainable functionality in
which degradability in the
environment is already taken
into account at the design
stage.

Many of the chemical substances in products manufactured by the chemical and pharmaceutical industries, such as medications, biocides, pesticides, detergents and body-care products, end up in the environment
when used as intended. These products' substances are detectable in
water around the world in the concentration range of micrograms per
liter and are therefore called trace substances (i.e., micropollutants).
These substances constitute a considerable obstacle on the path to a
sustainable water economy, since many of these substances are made
with the highest-possible degree of stability and cannot be removed, or
can only be partially removed, in wastewater treatment (if this is even
available). This poses a serious problem in countries that rely on the
reuse of treated wastewater for irrigation purposes.
Against the backdrop of these problems, a chemistry-
oriented mentality will be required instead of a marketing-driven one.
While the latter requires stable materials which, in turn, are associated
with decomposition issues, a chemistry-oriented mentality inquires into
the points in the life cycle a product or molecule at which it must be
stable or even where it is permissible for it not to be stable (“benign by
design”), for example at the end of its useful life when it ends up in the
environment. The fact that this is possible has even been demonstrated
in components of drugs, and these have to fulfill particularly stringent
requirements.
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Sustainable chemistry, not just green
chemistry
Chemistry that only aims to improve product characteristics or to reduce
energy requirements and waste generation will not be future-oriented.
What is needed is an approach to chemistry that contributes to sustainability through sustainable production. This includes consideration of the
entire lifespan and the fate of substances and products at the end of
their lifespan, and not just a focus on application-related functionality.
The essential elements of sustainable chemistry are thus, for
example, materials and products which are quickly and fully degradable at
the end of their lifespan when they end up in the environment. Easy,
quick and full decomposability into as many pure substances as possible
is the goal for all products. Both rebound effects and the dispersion of
products and raw and harmful substances can be avoided through suitable molecule and product design where substance, material and product
flows are kept as small and simple as possible.
Service models for reducing material flows are available, and
some have already been put into practice. Accordingly, a lacquered metal
panel would be sold instead of the lacquer alone. Companies would not
sell disinfectant, but rather a certain hygiene standard. Why do pharmaceutical companies only sell drugs and not health? This new way of seeing
things changes a situation in which the supplier is only interested in selling the greatest quantity, which can be described as a “win-lose” situation, into an actual “win-win” situation. Manufacturers and suppliers are
now interested in reducing substance and material turnover because
ultimately, they also pay for the raw materials. This integration into the
overall product life cycle is accompanied by other advantages. The supplier of the service can utilize its full expertise and is not continually providing the resources required for this in addition to the products themselves. Instead, it gets them back. The supplier already has decomposition
and reclaiming of high-quality components (with the smallest possible
energy input) in mind when developing products. The customer ends up
profiting from the supplier's entire range of expertise.
This requires a radically different way of thinking, but also
opens up new possibilities. Sustainable chemistry is taking on this challenge, writing a new story of success and finding its place in a sustainable
post-fossil fuel world.
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The chemical industry can help address such future global challenges as food supply (by raising
agricultural productivity and improving food processing techniques), human health (by means of
developing drugs, diagnostics and new biophysical materials), and energy (by developing improved
batteries, solar cell materials and biofuel processing techniques). Although the chemical industry
can help develop solutions, it also contributes to the emergence of some global problems, such as
climate change. The petrochemical, bulk plastics and basic chemical industries in particular not
only use oil and fossil fuels as feedstock, but also consume great amounts of energy in their production processes, which contribute to carbondioxide emissions. This being the case, public concerns about climate change, tougher regulations and carbon-related incentives (such as carbon
taxes or cap-and-trade schemes) are likely to exert increasing pressure on the chemical industry in
the coming decades.
To address these pressures, the chemical industry can use various kinds of innovations. Incremental innovations such as energy efficiency are the “low-hanging fruits” that can be
implemented relatively easily, while simultaneously contributing to system optimization. Although
these innovations are important in the short term, their ultimate environmental impact is usually
limited and insufficient to address the more intractable problem of climate change. The introduction of new technologies and products (e.g., agricultural fertilizers that release less nitrogen oxide,
efficient insulation materials, lightweight materials, as well as cogeneration and biogas plants) may
contribute to partial system redesigns, offering more sweeping environmental benefits. The greatest impact can be achieved through sociotechnical transitions to new transport, energy, agriculture
and food systems (1). In transport, this might include shifting to hydrogen, fuel-cell and electric-
battery-powered vehicles and improving intermodal transport (2). The energy sector should consider shifting toward smart grids and decentralized renewable energy (3, 4). The chemical sector
might need to shift toward bio-based chemistry. Such transitions are difficult to bring about and
can take one or two decades to emerge. The general implication is that individual companies and
other actors should take a dual-track strategy: On the one hand, this entails implementing incremental innovations that deliver results in the short-term (three to five years), and on the other
hand requires developing new ideas, experimenting and learning about more radical transitions for
the long term (10 to 20 years).
This chapter focuses on the topic of “transitions,” which has received much attention
in political circles in the last several years. The UK government, for instance, adopted a Low Carbon Transition Plan in 2009. The Europe 2020 strategy of the European Commission (2010) also
highlights the importance of “changing tracks” and “exploring new development paths” to generate
smart, sustainable and inclusive growth. Furthermore, the influential OECD report “Towards Green
Growth” (2011) highlights the need for a “transition to green growth,” which “involves systemic
changes across the entire economy” (p. 16). The UNEP report “Towards a Green Economy” (2011)
also talks about “green economy transitions” and “economic transformation” (p. 1). In a similar
vein, the German government decided to embark on the Energiewende (transformation of the
German energy system) in 2011.
The above examples indicate that sustainability transitions have gained substantial
political attention. The specific goal of this chapter is to introduce a relatively new conceptual
framework, the multilevel perspective (MLP), which is useful in thinking about transitions in a pro-
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cess-based and multidimensional approach. Section 2 first provides a brief characterization of the
topic of sociotechnical transitions. Section 3 describes the MLP model, and section 4 discusses
some policy and management implications.

Characteristics of sociotechnical transitions
Transitions are shifts from one sociotechnical system to another. Sociotechnical systems refer to the cluster of elements that are needed to fulfill societal functions, such as mobility,
energy provision, food, housing, medical care, communication, etc (5). These elements typically
involve technology, user practices, markets, regulations, cultural meaning, infrastructure and scientific advancements.
Sociotechnical transitions are coevolutionary processes that require multiple changes
in sociotechnical systems. Transitions typically involve both the development of technical innovations, their adoption by users and the broader process of embedding of (often new) technologies
– including regulations, markets, infrastructures and cultural symbols – across society.
Sociotechnical transitions are multi-actor processes, which entail interactions between
such social groups as firms, different types of user groups, scientific communities, policy makers,
social movements and special-interest groups.
Transitions are long-term processes, lasting between 20-40 years, with prolonged
periods of learning, experimentation and pre-development.
Transitions are “radical” in terms of the scope of change – which involves major
changes in many system elements – but not necessarily in terms of speed. Radical innovations may
be sudden and lead to creative destruction, but they can also be slow or proceed step by step.

Multilevel perspective on transitions
The multilevel perspective was developed through a combination of insights from innovation studies, evolutionary economics, sociology of technology and neo-institutional theory (5, 6, 7).The basic
premise of the MLP is that transitions are non-linear processes that result from the interplay of
multiple developments at three analytical levels: niches (the locus for radical innovations), sociotechnical regimes (the locus of established practices and associated rules) and an exogenous
sociotechnical landscape. These “levels” refer to heterogeneous configurations of increasing stability, which can be seen as a nested hierarchy with regimes being embedded within landscapes, and
niches existing inside or outside regimes.
Niches are “protected spaces,” such as research and development laboratories, subsidized demonstration projects or small market niches where users have special demands and are
willing to support emerging innovations (the military is a prime example). Niche actors work on
radical innovations that deviate from existing regimes. Niche actors hope that their promising novelties will eventually be used in the regime or even replace it. The literature on niche-level innovation (7, 8) distinguishes three social processes within niches:
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 he articulation of expectations or visions, which both provide guidance and direction
T
to innovation activities and also attract attention and funding from external actors.
Visions become adjusted and specified over time as learning processes develop.
 he building of social networks and the enrollment of more actors, which bring in new
T
knowledge and resources. Network building is important, because individual actors
are unlikely to posses all the relevant knowledge necessary to develop new systems.
L earning processes in various dimensions, e.g., about imperfections of technology,
issues of organization, market demand, infrastructure requirements, policy instruments and symbolic meanings.
Niche-level innovations usually struggle against existing sociotechnical systems and regimes, which
are stabilized by many lock-in mechanisms that create path dependence and resistance to change.
Some examples of lock-in mechanisms are investments that are sunk into machines, people and
infrastructure, regulations and laws that create market entry barriers, resistance from vested interests, low costs because of economies of scale, shared beliefs that make actors are blind to developments outside their scope and consumer lifestyles (9). Innovation within existing systems and
regimes tends to be incremental, giving rise to predictable trajectories. Incumbent actors tend to
resist radical innovations that deviate too much from existing practices and knowledge.
The sociotechnical landscape is the wider context that influences niche and regime
dynamics. It includes spatial structures (such as urban geographies), macro-economic trends,
political ideologies, societal values and beliefs and global environmental change (e.g., climate
change). Landscape changes usually unfold gradually, beyond the direct influence of niche and
regime actors.
The key point of the multilevel perspective (MLP) is that although each transition is
unique, transitions come about through the interplay between processes at different levels:
(a) Niche-level innovations build up internal momentum, (b) changes at the landscape level create
pressure on the existing regime and finally (c) destabilization of the regime creates windows of
opportunity for niche innovations. An important implication is that the MLP does away with simple
causality in transitions. There is no single “cause” or driver. Instead, there are processes on multiple dimensions and at different levels which link up and reinforce each other (“circular causality”).

Policy implications
Sociotechnical transitions are difficult to manage and steer because they are open, uncertain and
complex processes involving multiple social groups and coevolution between various system elements, many of which are outside the immediate control of policymakers. The state is not an
all-powerful and all-knowing actor that can steer system innovation by pulling levers from an outside point of view. Rather, policymakers are one social group among others, dependent on compa-

241

nies (for knowledge, resources, innovation, jobs and taxes) and the general public (for legitimacy
and consent). Furthermore, the state is not one homogenous actor, but fragmented across different domains (e.g. sectoral departments) and levels (e.g. international, national, local).
Shaping system innovation will entail a mix of policy instruments, which may differ
between sectors and countries. The logic of the MLP suggests policymakers should follow a dualtrack strategy if they want to influence transitions by: (a) increasing pressure on regimes through
economic instruments and regulation (e.g., taxes, carbon-emission trading, environmental legislation) and (b) stimulating the emergence of niche-level innovations (i.e., by nurturing variety).

Conclusion
Global environmental problems such as climate change are likely to gain in importance in the coming decades, even though the financial-economic crisis temporarily detracted attention from it.
These pressures will also affect the chemical industry. The problems not only constitute threats,
but also offer new business opportunities, such as improved batteries, solar cell materials and biofuel processing techniques. It is unlikely, however, that the problems can be fully addressed with
incremental and product innovations. The chemical industry should therefore also explore and
develop more radical system transitions. Although this chapter has not discussed substantive technical transition paths, it did describe a conceptual framework that has already demonstrated its
usefulness for analysing transitions in domains such as energy, transport and agri-food. It is hoped
that the framework may also prove useful for discussing and exploring transitions in the chemical
industry.
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The contributions of the authors in this book explore the role of chemistry with regard to the
“grand challenges” as identified by the Royal Society of Chemistry in 2009.
In conclusion, what are the implications for chemistry as a scientific discipline and its
related disciplines, for the chemical industry as part of the economy and for the chemical industry
as a part of society?

1st Perspective: The future of chemistry and its related
disciplines
Chemistry as a scientific discipline will continue to alter our understanding of the world and will
help us find new solutions for the existing and future problems of society. In Germany, it is assumed that new developments and technologies will be seen particularly in the field of materials
research (including materials used in energy supply and storage, in information and communication
technology and in an efficient circular economy), or will generally come from a combination of new
insights and scientific progress in chemistry and its related disciplines, such as biotechnology.(1)
However, the focus in terms of basic research will be expanded from single product
innovations to the considerations of entire innovation ecosystems.(2) This will also lead to new constellations of key players who will emerge in this context and step into the arena, and the chemical
industry will face the challenge of finding its place in Thesis new arenas and ecosystems. For
instance, in personalized medicine, cooperation between multiple players is required, starting with
the diagnosis of an individual’s risk of contracting a specific disease. This collaboration will include
the individual’s consultation regarding how to prevent diseases, and if necessary, the subsequent
diagnosis of diseases, and finally, their treatment. Thus, the value chain consists of different players
and steps: pharmaceutical research and development, doctors, medical centers, diagnostics and
the individual patient. All players along the value chain must work together and harmonize their
efforts to provide an effective and efficient individual health-care system for citizens. In such a
collaboration, learning processes that transcend various scientific disciplines and a broad range of
players must be organized. In this context, a challenge-driven culture of collaboration and effective
management of Thesis interfaces will become increasingly important. The challenge in question
– health, nutrition, energy supply – will be the focal point of all collaboration efforts. Inter- and
transdisciplinary research approaches are required here to create solutions. Joint learning in ecosystems can accelerate the learning process and the creation of system innovations.(3)
Indeed, the German chemical and pharmaceutical industry faces a problem: Such
cooperative approaches have not yet been completely integrated into innovation processes.
Smooth-running and sustainable knowledge transfer mechanisms do not exist or are only at a
nascent stage. Therefore, we have to critically evaluate our current research and education system.
We have to take action where necessary, since collaborative alliances are becoming increasingly
important for addressing the afore-mentioned challenges. In particular, research funding, selection
criteria for research and education consortia, the appointment policies for university professors,
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the review processes of scientific journals, and the structure of study programs must be changed
and adapted.

2nd Perspective: the chemical industry as part of the economy
Successful management of chemical and pharmaceutical companies requires a dual focus. On the
one hand, managers must prepare their organizations for the future and thus invest and allocate
resources accordingly (strategic excellence). They must identify promising fields for future developments, create new products and services and form collaborative relationships with other companies, universities and research and technology organizations (RTOs) in order to expand the company’s knowledge base. In addition, they must reconfigure their value chains due to changes in energy
and raw materials costs, the purchasing power of individual geographic regions or in their knowledge base. In this context, the core managerial challenges are the effective and efficient steering of
worldwide activities, including improving the company's innovativeness and continuously increasing
productivity. In contrast, employees are facing other problems. Here, key challenges include working in global teams spread out across the world, cooperating with employees from other companies and industries, and always keeping their knowledge up-to-date.(4)
On the other hand, companies have to ensure their operational excellence today in
order to secure their future financial independence (operational excellence). In this context, managers in chemical and pharmaceutical companies emphasize that they must increasingly consider
the growing environmental uncertainty and volatility in their business decisions. They also expect
that environmental uncertainty and volatility will intensify in the future. For this reason, they try to
increase their company's strategic and operational flexibility and agility. In addition, they plan for
various alternative scenarios for their company for the future, taking different constellations into
account. Concerning investments in physical assets, they analyze the degree to which a physical
production facility can be used for the production of distinct products for various customers,
markets or regions. In doing so, the chemical industry is following a road already travelled by original equipment manufacturers (OEMs) in the automotive industry.
Managers from the chemical and pharmaceutical industry may reflect on their
approach to organizational change to be able to handle the dual managerial challenge described
above. Companies typically follow the model of planned organizational change. First, the need for
change is identified, then the necessary organizational measures are determined, selected and
executed on the basis of a given plan.(5)
The model of planned change is generally very effective, but problems can arise if the
need for change is not recognized throughout the entire company. As a consequence, centrally
planned change initiatives will be poorly implemented. Therefore, the company’s diversity must be
increased and employees should be brought into direct contact with new topics and partners to
increase the willingness and ability to change. Direct contact with the market, customers and new
technologies will increasingly become important in order to perceive changes in the company’s
environment and to become aware of the need for continuous change.
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If you, dear reader, agree with Alfred Chandler’s thesis as presented in my introduction, then future innovations in the chemical industry will primarily originate from a combination of
knowledge from chemistry and related scientific disciplines.(6) As a consequence, chemical companies will have to reconsider their own definition and role. In this context, a chemical company could
consider itself as an enterprise that combines knowledge from various scientific disciplines to create new products and services. Inventions can become powerful innovations if they are successfully launched on the market. Finally, this shift to collaborative and interdisciplinary research cooperation can cause cultural challenges within a company. For instance, employees could refuse
inventions and innovations because they were not completely developed by themselves or originated from someone else (the “not invented here syndrome”).(7) Companies that possess strong
dynamic capabilities will be more likely to deal with Thesis challenges successfully and transform
their company and will cope with and adapt to dynamic environments.
In addition to the model of planned, and thus clearly defined, change, another model
of trial and error exists within Thesis developments.(8) In this model, change is rather seen as the
result of an evolutionary process. The goal is clearly defined, but the way to reach it is not. In this
model, different approaches compete with each other to identify the best method. For instance,
this model is used to find suitable approaches for the German energy transformation (Energiewende). The targets that Germany must have achieved by 2050 in terms of reduction in CO2
emissions have been determined, but the technological solutions and the composition of the
energy sources that will supply Germany in the future have not yet been established. At the beginning of the process, there is no strong planner with superior knowledge in charge who might be
able to select the best solution on his or her own and would then only have to convince others. In
this process of “societal discovery”, various societal players – business, policy, administration,
non-governmental organizations (NGOs) – participate and present their points of view, including
their interests and expectations. Thesis societal transition processes are a challenge for chemical
companies. In this process of “societal discovery”, key players from the chemical industry may act
not only as scientific experts, problem solvers, and market participants, but also as diplomats
equipped with their own roadmap and negotiating skills, and will thus be able to influence the public discourse and the decision process.
Reflecting on the prevailing model of organizational change and critically assessing a
company’s dynamic capabilities may enable companies in the chemical and pharmaceutical industry
to realize the business opportunities related to the “grand challenges” described in this book.

3rd perspective: the chemical industry as part of society as a
whole
With its broad portfolio of products, the chemical industry is involved in virtually every area of
people’s daily lives. However, it also impacts the natural environment with its activities. For this
reason, it must engage in a discourse with society as a whole.
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In this discourse, companies naturally have a commercial interest as they endeavor to
influence the institutional context in a favorable manner for the benefit of their business activities.
Furthermore, they create an image for themselves as attractive employers. In general, they require
societal acceptance and social legitimacy as a basis for their business activities. To this end, chemistry and the chemical industry must engage actively in a discourse with society and highlight the
societal benefits they create. In this context, they must communicate with the general public in a
language that the target group can easily understand. For instance, open houses, technology
museums, open event nights of industry and science, publications, and student competitions can
form part of such a discourse.
In general, such activities can help improve the industry’s image along with campaigns
that aim to attract candidates to MINT study programs (mathematics, informatics, natural sciences, and technology). Enthusiasm for chemistry can already be awakened at nursery and elementary schools. Education studies have shown that programs that are conducted in those settings can
create emotional bonds with the respective topic. In contrast to this, the analytical dimension
becomes more important in the later years of adolescence. In this context, close cooperation
between chemical and pharmaceutical companies and schools and academia through competitions,
laboratory experiments, excursions and hands-on training programs for secondary-school students
and teachers are beneficial. Thesis activities can strengthen the relationship between society on
the one hand and chemistry and the chemical industry on the other. They also illustrate the importance of the chemical industry in students’ daily life by showing them practical and relevant examples. For instance, if key players relate their activities to the “grand challenges” mentioned in this
book, they can emphasize the link between chemistry and the chemical industry on the one hand
and society and its needs on the other.
In general, the probability of constructive collaboration will be higher if the need for
collaboration is recognized by all parties involved and mutual interests are identified. Researcher
Michael Porter sees the creation of shared values as a way to strengthen the link between business
and society.9 Porter proposes a stronger bonding of business growth with the creation of social
value to anchor companies more firmly in society. From this point of view, it is business and social
needs together that define potential markets. The grand societal challenges – or nowadays the
Sustainable Development Goals – can serve as a reference point for identifying Thesis markets. The
chemical industry can create shared value by cooperating with other players in order to meet societal challenges. In doing so, the chemical industry not only highlights its own activities, but also
ensures that it will be perceived as a responsible player on the local, regional, national or international stage – without lobbying or advertising.
When it comes to addressing “the grand challenges” identified by the Royal Society of
Chemistry and outlined in this book, the chemical industry can, and must, use and develop its collaborative competencies. Consequently, cooperation is key: to the evolution of chemistry as a scientific discipline, to the successful development of the chemical industry as a part of the economy
and to the positioning of the chemical industry as a trustworthy and respected sector in society.
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DRUGS A ND THER A PIES
ORI A NA FEN W ICK

Until now, my illustrations have been very heavily influenced by my fascination with the human
body and with organic objects. As a result, I
developed my own imagery over time, in which I
combine elements from reality in new and unexpected combinations. Thus the choice of the
topic of “Drugs and Therapies” has a lot to do
with the affinity of my art to the body. This
illustration is an abstract attempt to capture the
medical intervention on the human body, be it
in the form of therapies or drugs. A reality that
we know is blended with elements that shed an
unusual light on things that are familiar to us
and which we first have to come to terms with.
However, at the same time it is also my wish to
leave the viewer sufficient scope to develop
their own feelings toward the subject matter
portrayed. Whether or not this is necessarily
social commentary is left open here.

DI AGNOSTICS
NA DINE KOLODZIEY

My portrayal of diagnostics is derived from the
meaning of the original Greek word, diágnosis,
meaning “distinguish, discern”. The word is
comprised of “diá”, meaning “apart” and “gnósis“, meaning “insight, assessment” and this
formed the basis for my drawing. On the left we
first see the person who is assessing himself. He
is attempting to discern himself through a mirror, which represents artificially created technology. This proves to be difficult, however, as
this discernment is initially only approximate. If
we follow the prism of the mirror, we then find
the counterpart we had surmised, the person’s
interior. This counterpart is anatomically imprecise, as every person only surmises how his

interior is arranged. The definition of the word
“prism” as “a body made of a refracting substance” gave me the idea here for a “kaleidoscope structure”. In the spectrum of the mirror,
allusions are made to scientific procedures and
experiments that analyze and flesh out the surmised image of the person. In summary, we see
here the stylized process of a diagnosis.
Through the technology (the mirror), the person distinguishes himself as a research object,
asks questions and receives answers.

CONSERVATION OF SCA RCE NATUR A L RESOURCES
CY NTHI A KITTLER

I usually begin my work by researching photos
and journalistic articles on the topic that I am
tasked with illustrating. On the topic of geoengineering, one headline in particular about artificial volcanoes inspired me. The article describes
how the Earth’s temperature is regulated by the
distribution of sulfur dioxide in the atmosphere,
and thus global warming could be stopped or
reversed. According to the theory, the sulfur
dioxide would be released into the stratosphere
by special airplanes and reflect solar radiation
back into space from there. However, critics see
potential for international conflict in this
method. For example, who would decide the
Earth’s future temperature and be responsible
for regional droughts which could arise because
of this? I believe an artificial volcano or a “volcanic power plant” to be a suitable metaphor for
this and for geoengineering in general. After all,
scientists in this context often face the accusation among the general public of wanting to
“play God”. In my illustration, this power plant is
located on the horizon of a scene that describes
the wish not to have to change any of our previous habits despite changing environmental conditions.
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AGRICULTUR A L PRODUCTIV IT Y
JEA NETTE BESMER

DRINKING WATER
A NDRE HOR NISCHER

My illustration of the topic of “Agricultural
productivity” was created gradually. After I
had studied the situation particularly in developing countries, I very soon had an image in
my mind’s eye that something was being
snatched away from the people there. I wanted
to depict this without formulating this situation specifically in the drawing. The idea was
to make the image poetic in its own way but
yet expressive.

Water is one of the most highly reactive substances we know. Water corrodes metals, dissolves lime, other salts and minerals and deposits them again somewhere else. This is how salt
domes and stalactite caves were formed. Water
is a solvent and a transportation system. Creatures similar to us who had the potential for
reasoning and whose evolution was based on
hydrogen sulfide would be amazed that we were
able to develop in such a poisonous soup. We
humans are sacks of murky water – murky from
carbon, nitrogen, phosphate and minerals. In
order to survive, we have to keep our degree of
pollution constantly at the same level. The salt
content of the Cambrian sea in our blood must
be maintained. For the past 400 million years,
we and our predecessors have managed to
achieve this. To do this, we need water – drinking water. A rare commodity, because we sacks
of water are constantly multiplying, drinking
and buying more and more. We are immense
water polluters, and we have to realize that we
could die of thirst – while surrounded by the
sea.

BIOM ASS
RIIKK A LA A KSO

When I was contemplating the topic of “Biomass conversion”, it was important to me to
address different viewpoints. I quickly realized
that I can see no clear for or against when considering the topic. For that reason, the illustration portrays not just possible benefits, but also
criticism and doubts. The illustration is composed of two images that merge into each other
with the aim of illustrating the complexity of the
topic. Yellow is the dominant color and is used
in the illustration to represent the energy crops
and ultimately the energy they produce. The air
is clean, and energy is produced and stored
without any problems. The energy reaches
households and can be used there. Problems
like long transport routes, portrayed by the red
pipes, or the criticism that bioenergy production competes with food production in terms of
land use, are also illustrated. The fear of water
and food shortages is symbolized by the image
of the empty plates. However, the illustration
also aims to leave enough room for interpretation so that everyone can ponder the topic for
themselves.

ENERGY CON V ERSION A ND STOR AGE
JA N BUCHCZIK

The most important task of chemistry in Germany’s planned energy transformation (Energiewende) is in researching and optimizing the
question of how renewable energy sources can
be converted and stored. An almost complete
transition from fossil fuels to regenerative
forms of energy can only be achieved at all by
minimizing conversion losses and storing energy
to bridge slack periods. In my illustration I want
to demonstrate that the conversion stages have
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to be shortened to achieve this, as every stage
means energy losses. My illustration depicts
energy production from the sun, wind, natural
gas and biomass. It was important to me not to
put too much emphasis on one individual process. For an energy transition to succeed, I
believe that all processes for generating renewable energy must continue to be researched
and improved in order to achieve greater efficiency or to develop new methods. In addition,
I want to show that interdisciplinary collaboration among the various areas is necessary and a
joint, and in the best case European or international, master plan should be pursued.

NUCLEA R ENERGY
FA LKO OHLMER

In this illustration I have portrayed my own very
personal perspective on the topic of “Nuclear
energy”. Dark shades of color and disintegrating
graphics show the diffuse fear that grips me
when I think about this form of energy production. I have kept the image intentionally abstract
with the aim of capturing and possibly also
enhancing moods. The image depicts a purely
personal perception and is a depiction of the
current situation. I have kept the illustration
intentionally dark to reflect the threatening
situation and to show how dangerous and
unpredictable nuclear energy is.

curvature onto a double page. Although it has
already been shining for an impressive 4.57
billion years in our firmament, it has not
become boring. Its light covers the Earth like a
protective coat. In our day, it has achieved a
transformation from former deity to engine of
an energy-hungry world and is moving into a
sweltering 6,000-degree future. Yet despite its
significance, it appears to many people that we
have forgotten that everything literally revolves
around it. Then it is wonderful to get really
close to the sun again and discover it through
an infinitesimally small hole in order to be
enchanted by its glow again. It is not the sun’s
1,000-watt output on the Earth and other measurements that brighten our spirits, but its soft
shimmer on our skin.

SUSTAINA BLE PRODUCT DESIGN
K ATH A RINA RÖSER

Chemistry plays a significant role both in recycling as well as in the development of new raw
materials. My illustration depicts a “cycle of
goods”. Filter processes were translated into
bright lines, and the watercolor structures were
screened in the background. Thus a style of
depiction that looks technical is combined with
more tactile, personal imagery. And on the right
you can see the compostable plastic bags.

SOLA R ENERGY
LUK AS STOPCY NSKI

The microscopic portrait of a giant that is 149.6
million kilometers away. Its brilliance is not easy
to capture so brightly. I had to use several aids,
like the model of the linear diffusion of light, to
just about manage to fit its 1,392,700-kilometer
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