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Invitation for a Sustained
Dialogue and Action

34 Ways to Stop Global Warming
(From Reasonable Options to Mad Scientist Solutions)

From: “Risto Isomaki” risto.isomaki@luukku.com
To: <vijaypratap@vsnl.net>; rakesh110@gmail.com
Dear Friends,
Things are moving very, very fast here, now. The sea didn't freeze during the winter. It
was the first time in recorded history.
What do you think of the idea about a campaign that would demand a free solar cooker
AND a free "Mysore cooker" (which can burn small biomass cleanly and also produce
charcoal at the same time) for every rural family, paid with the money from the rich
countries?
Would this fit your own campaign ideas?
This would link the fight against global warming with poverty eradication, because the
poor families would save a lot of money, and the farmers would benefit a lot.

All the best,

RISTO ISOMAKI
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An Invitation to Dialogue
SADED1, like all environmentally conscious sections of our global village, is very
concerned about the imminent danger to life on the planet. But unlike many of our fellowtraveler groups working on the issues of climate change, we feel very strongly that we are
not adequately realizing the bottlenecks in reversing the direction of climate change. There
is a very powerful global consensus on what is ‘development’, ‘progress’ and ‘a good life’.
Liberals, democrats, conservatives, neo-conservatives, Marxists and Maoists all are part of
this basic consensus. And in the mainstream politics there is no political stream that accepts
Gandhiji’s (i.e. Shri Mohandas Karamchand Gandhi’s) worldview as the basis for building
our global society or polity. In our humble view, without breaking this consensus, life on
our planet has no future.
I find it a bit comical when political friends from the global North talk about the
aggregate emissions by India and China in one breath and with the other breath plead for
allowing free play to the MNCs by free flow of capital, goods and services. The simple
explicit meaning of this is that more and more land, water, forests, fields, mines and
fisheries should all be controlled and managed primarily by multinationals. It is beyond our
comprehension as to how life will survive if all economic activity is remoulded into the
organising principles of a multinational company. The situation becomes even more scary
when we discover that those who happen to control the national or global governance
structures, and are vanguards of this vision, enjoy overwhelming popular legitimacy.
Through mirages created through advertisements or whatever other mechanisms, the
popular aspirations are precisely such that they create a pressure for unsustainable
development paths.
It is quite agonising when even the democratically elected governments and political
elite of the South endorses the self-destructive development model and talks about only percapita emissions and even ‘offers’ that our per-capita emissions will never equal the percapita emissions of the North. The elite of the North and South have a consensus not to
question the unsustainability of the present way of running our economies or our lives.
Even the Southern elite does not want to be left out in the ‘catching up’ race and
desperately tries to conceal the fact that they are the North in this South. So, we never get
down to collectively discerning our complicity in creating the situation of imminent
catastrophe. Otherwise, our political elite would not have only talked about average
emissions but also in terms of what is sustainability and what is an unsustainable life style.
Is our governing elite unaware of the fact that an overwhelming majority of people,
particularly in the South, are leading a life that is sustainable?
It is not only unsustainable ‘development’ politics, which is the main bottleneck in
the path of developing a popular political will and energy to reverse the direction of climate
change. For example, in many polities identity anxieties and aspirations are generating a
politics which does not allow any space for civilisational concerns or what are perceived as
environmental concerns. We, at SADED don’t really know how we should move forward.
1

SADED : South Asian Dialogues on Ecological Democracy is a project at the Centre for the Study
of Developing Societies. A detailed note on work perspective is given in Annexure-I
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For this reason, with a sense of humility and urgency we invite you for a long journey
together to combat the challenge of global warming.
SADED has taken two initiatives, which are relevant for our strivings to fight
overheating of the planet – the Wealth Creators Forum for Responsibility towards
Ecological Democracy and the Climate Change-Climate Justice Forum (concept notes
given below). Financially, significant part of SADED funding has come from Siemenpuu
Foundation. In annexure-2 we have reproduced the objectives of the Foundation.
We are also reproducing the Indian Finance Minister’s statement on climate change,
as also a press statement by the Finnish Government Climate Policy Specialist. The core of
the discussion document is constituted by the monograph prepared by Shri Risto Isomaki of
Finland, who has been a political colleague for about three decades now. We are printing
this document to invite your valuable comments. We plan to publish this soon enough as a
book after we receive your feedback.
***
Wealth Creator’s Forum for Responsibility towards Ecological Democracy
The popular public image of ‘wealth creators’ has become of the business and
industry community, of the stocks and shares markets, the corporate sector. We would like
to bring the focus to the role of the primary producers as the ‘wealth creators’, who
however do not own or consume that wealth. At the same time we do not deny the role of
trade and business in ‘wealth creation’ or the importance of ‘wealth creation’ itself.
Therefore we would like to bring them together on one platform in a continuum, and
emphasise the creation of wealth in manners that are ecologically sustainable and socially
equitable.
The notion of Corporate Social Responsibility (CSR) and the mainstream
acknowledgement of Climate Change as a matter of serious concern related to human
survival get interlinked as issues of Ecological Democracy. CSR is generally more about
philanthropy, and climate change about environmental conservation, both at the cost of
worker’s rights and the traditional community’s rights over natural resources. Therefore
there is great skepticism about these as being progressive ideas in many ways. While
recognising this, we think that they make for possibility of dialogue with the world of
business. In order to introduce the more sensitive and well intentioned of that world to ideas
of Ecological Swaraj we would need to know more about and understand their perspectives.
Documenting the ecological worldview and methods of livelihood generation of
those who have traditionally done so, as well as new forms being innovated and
experimented with in the present, would provide ways of questioning the TINA (There Is
No Alternative)syndrome. Traditional business ethics too need to be understood and
assessed for their contemporary relevance. The adivasis, the practitioner of traditional
agriculture, fishery, forest use etc. illustrate one form. The ‘fair trade’ practices, ‘ethical
ecological tourism’ etc. provide recent experiments. Corporate social responsibility can be
viewed as another step in this continuum. Dialogue across these would, we hope, generate
discussion on the principles of each, on their strengths and limitations.
11

Some self-reflection and the resultant innovations may help in moving towards
strengthening Ecological Democracy in concrete form. Such discussion and dialogue can
take place from the local to the national and global levels. In fact, it would be necessary to
create the multi level linkages in order to strengthen and sustain this activity at all levels.
Recently the Norwegian government wealth fund has withdrawn its stakes from one
of the big Indian multinational companies called Vedanta. A large number of adivasis, their
leaders and concerned activists were lobbying that this company should stop its
ecologically disastrous projects in Orissa. The company was not listening. Then these
groups lobbied with various sources from where the Vedanta group draws its money and
obviously they succeeded with this wealth fund. Before withdrawing, the Business Ethics
Council of the Norwegian wealth fund had gone into details of allegations made by the
adivasis and reached to a conclusion that this company was working against the
environmental laws of the country and engaging in large-scale violation of rights of
adivasis and other rural poor folk. It instituted an enquiry and presented its result to the
company’s directors, but the company never responded and did not undertake any
correctives. Similarly there is a global compact, which has very detailed criteria to say if the
company is environmentally responsible or not. So if at the global level there are such
initiatives, then the real challenge is to take these debates to the grass roots where people
are engaged in modest economic activities. Irrespective of scale of economic activity, each
individual should have some sense of this larger responsibility towards the environment.
We thought of using this name for the forum inspired by the Indian philosophical
tradition which believes that all humans pursue four goals in life– 1. Dharma – Spiritual
sublimation, 2. Arth – Wealth Creation, 3. Kaam - Aesthetic and Sensual pleasures of life,
and 4. Moksha - Salvation. Unlike the view conventionally taken by our radical social
activist mind set, the creation of wealth is not something that is more or less desirable. It is
one of the integral facets of life.
In the contemporary distorted perception, the real wealth creators like artisans,
peasants, fisherfolk, mine workers, forest workers do not find any space in our mental map
whereas those who deal with the tokens of wealth or provide services are considered as
wealthy. We have no plans of excluding those who through their mental activity or through
providing services ‘create situations where wealth could be created’. And wealth creators
from very modest ordinary individuals upto the levels of giant corporations all must behave
responsibly towards the environment. So we need to engage with all levels of wealth
creators on issues of Ecological Swaraj. This Wealth Creators Forum is in the process of
creating a core group of environmental and social activists, business-persons, economists
and policy planners.
***
Climate Change - Climate Justice Forum
SADED had been educating itself on issues of climate change through the good
offices of Prof. Meher Engineer, a leading scientist and Director of J.C. Bose Institute of
Science, Kolkata. His first lecture was about 2 years ago in New Delhi in a meeting
organized by SADED. We were sensitized to the issue by Mr. Oras Tynkkynen (now
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Government of Finland Climate Policy Specialist and MP) when he came to India as part of
the Lokayan-Kepa Activist Exchange Programme. Ms. Satu Hassi and Mr. Marko Ulvila
have constantly reminded us of the urgency of the situation.
The meaning of Climate Change is obvious. We prefer to talk about Climate Justice,
which means that by talking about aggregate emissions and per capita average emissions
we try to conceal the fact that the least polluters will be the worst sufferers. The painful
paradox is that there is in terms of life style, a North in the geographical South and a South
in the geographical North and the Northerners (Rich high polluters) do not want to take
their share of responsibility and shift the burden by talking in terms of either aggregate
emissions or average per capita emissions. To justly share the responsibility for developing
sustainable life styles we need to really go deeper into the questions of who is polluting
how much and through which activity. Also, which of these activities is related to sheer
physical survival and which one is, like for all of us who can read this, due to being part of
the current planet-destructive ‘development’ and ‘progress’ paradigm. We want to educate
various activist groups, trade unions, peasant and youth associations on issues of over
heating of the planet and climate justice, so that India / South Asia can also chalk out its
concrete strategy of burden sharing.
We would like to become part of the already existing networks rather than setting up
networks with a sharp sense of boundaries. Our working groups or thematics mostly have
nebulous boundaries and the primary task is to facilitate effective functioning with other
existing networks, thereby act as informal groups who perform a bridge role.
In all the national and international debates there is a considered shrewdness of
fudging the real difficult issues that relate to the issue of justice with reference to per capita
energy consumption and such other human activities. The North, especially the U.S. and till
yesterday Australia, were not willing to even sign the Kyoto Protocol. They always talk in
terms of aggregate emissions by India and China. There is no genuine attempt to face the
issue of climate justice head on.
SADED intends to pursue these topics in the coming years. The outcome of the
work of this thematic should be a reasonable presence of activist and intellectuals working
around the life style politics in a manner that each one is sharing the burden that each one of
us must share if mother earth and life as we know it, are to survive.
Vijay Pratap
Convenor, SADED
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Foreword
The space program is driven by fear of war and greed for resources, both of which
are limitless. Its budget is colossal. The program’s value, however, has no connection with
either drive. It lies in the description of the Earth, by the astronauts who went into the dark
vastness of space as small and fragile.
The depths of its fragility stare us in the face as we contemplate the enormity of the
climate change that lies ahead of us. We could reform right away. It will make no
difference. The climate will change about as much as it changed between the last Ice Age
and pre Industrial Revolution times. One figure captures the size of that change: the sea
level, in the time of bitter cold, was more than 100 meters below what it was 300 years ago,
so an area of land as big as the Africa that we know was available, so plants did vastly more
of the things that they do, so…you can make up the rest!
Risto Isomaki realizes this point clearly, and states it clearly when he points out that
the melting of the permafrost in Western Siberia, which is already underway, is likely to
produce more greenhouse heating – via methane emission – than humans have produced to
date. I won’t give any more examples. Just read “34 ways to stop Global Warming.” I did.
It was worth it.
What shall happen to the Indian sub continent - bounded by the Himalayas,
biodiversity hot spot, home to over one sixth of humanity - is being talked about more and
more, but partially. Thus the fragility of the Himalayan snows, and of the rivers that
descend from them to feed the plains, and the mangrove swamps that the plains end in and,
then, the oceans that the rivers end in are becoming increasingly familiar. Not so the idea
that droughts will be increasingly more frequent, and more wide spread (that will happen
across the tropics, as will the melting of the glaciers).
How shall we cut emissions? The Vienna meet of the UNO, which preceded the
Bali meet of December 3 – 11, 2007 by several months, and which discussed the Kyoto
Protocol, started a discussion on the subject. The per capita emission of green house gases
is 16 tonnes for the developed countries as compared to the developing nations’ 4 tonnes.
The suggestion was made that emissions should go down, by 50 % globally, and by 60 80% in the developed ones, compared to their 1990 values, by 2050.
But population will about double between 1990 and 2050, so that will mean cuts of
roughly 65 % in developing countries as a whole. That is a very steep cut. How will they do
it? That is the crux of the issue of “Climate Justice.”
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The developed world developed blindly, behaving as a collective Dhritarashtra
towards its sons. The developing world wants to play “Catch up.” Their present squabbling
is not unlike Nero’s fiddling, except that it isn’t Rome that’s burning, it’s the planet.

December 2007
New Delhi

Meher Engineer2

2

Meher Engineer, an Indian by birth and choice, now 67, has many interests: doing science and
communicating the results of science by teaching it at all levels and disseminating its results to the
general public; starting new schools for the underprivileged; engaging in civil society activities; taking
part in the World Social Forum are some of them. He is proud of the fact that he is the current
President of the West Bengal unit of the Indian Academy of Social Sciences, Allahabad, and PresidentElect of the whole Academy, for 2009-2010.
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Preface
The world changed, in a very profound way, during the summer of 2005. Russian scientists
reported, that the whole West Siberian permafrost region had suddenly started to melt.
According to Sergei Kirpotin and his co-workers, the entire one million square kilometre
permafrost area is now full of small, round lakes which grow a little bit larger, every year.
Some of them no longer freeze during the winter because the methane bubbling up from the
permafrost is keeping them free of ice.
The areas covered by permafrost at the Earth’s northern latitudes contain, altogether, an
estimated 900 billion tons of organic carbon. Perhaps 500 billion tons of this has been
frozen into the so called Yedoma permafrost regions, into wet permafrost. In Yedoma most
of the permafrost and its carbon become covered with water when the ground begins to
melt. Therefore, most of the carbon in the permafrost can be released as methane, and not
as carbon dioxide. The difference is important, because as long as methane stays in the
atmosphere, it is about one hundred times more effective a greenhouse gas than carbon
dioxide. Since methane breaks down in the atmosphere, its relative global warming
potential becomes smaller the longer perspective we use in the calculations.
The West Siberian permafrost region is, by far, the world’s largest Yedoma area. Professor
Euan Nisbet of the London’s Royal Holloway College estimated in 2005 that the
permafrost region might already be producing about 100,000 tons of methane daily. Since
then other reports have said that the emissions seem to have increased further. If this is
true, the West Siberian permafrost region may already produce about as much greenhouse
gas emissions as the United States of America, if we make the calculations according to
methane’s present capacity to heat the atmosphere. If all the permafrost melts in a hundred
years, the region will soon be producing more greenhouse gases than the whole humanity.
It is now almost certain that the melting of the permafrost can no longer stop by itself. This
is the worst part of the story. Even if we would eliminate most of our greenhouse gas
emissions in a decade, which is not possible, we would only slow down the speed of the
warming. The greenhouse gases and black aerosols which have already heated the planet
by 0.8 degrees Celsius still remain in the atmosphere and their capacity to absorb heat has
not diminished. According to the current best estimate of the climate scientists, the planet
will still heat by a further 0.6 or 0.8 degrees, even if we stabilized the atmosphere’s
greenhouse gas concentrations at their present levels. If the permafrost is already melting,
why wouldn’t it keep on melting in a world that is 0.6 degrees warmer than now?
Besides, the reflectivity of the permafrost area has already been greatly reduced. Snow and
ice reflect most of the sunlight directly back to space, but open water and dark soils absorb
more than 90 per cent of it. This should accelerate the melting, and the more melt-water
lakes thaw in the middle of the permafrost and the larger the lakes become, the more heat
the open water surfaces will absorb. Sergei Kirpotin has commented that the thawing of the
permafrost is like an “ecological landslide that is probably irreversible and is undoubtedly
connected to climate warming”. According to Katey Walter, a permafrost researcher of the
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University of Alaska, we would need to have “major cooling” for the melting of the
permafrost to stop”.
At the same time the average area covered by floating ice in the Arctic Sea and around the
Antarctic has become much smaller. In the Arctic roughly one half of the floating ice has
melted. The maximum and minimum ice coverage is much smaller than before and there
are larger ice-free areas in the middle of the floating ice masses. Numerous small Arctic
and Antarctic ice shelves which had been around without interruptions for at least 12,000
years have disappeared from the world map. In 2002 the Larsen B ice shelf, which is as
large as Luxemburg, suddenly disintegrated into thousands of icebergs which simply
floated away.
Winters in the northern areas have become shorter and vast land masses and millions of
northern freshwater lakes are now covered with snow and ice for a shorter part of the year.
The 2006-2007 winter in Southern Finland lasted only 40 days, instead of the normal 120.
During the autumn and early winter of 2006 and the early spring of 2007 temperatures in
Finland were, for months, 6-10 degrees centigrade above the long-term averages, in spite of
the observed weakening of the North Atlantic Current (the northern branch of the Gulf
Stream) which should have had a drastic cooling impact on the winters of North-West
Europe. The forest line is creeping farther North and higher to the mountains in the
northern Tundra, billions of small, young spruce and pine trees are raising their heads on
the barren deserts where there have been no trees since the last Ice Age.
All these processes are reducing the reflectivity of the polar regions, and thus accelerating
the global warming. It seems that the global warming has already started to feed itself
trough all these positive feedback loops. The Albedo changes accelerate the warming, and
the more the weather warms the more ice melts, and the more the climate heats up.
The rising temperatures should also keep on increasing the methane flux from the West
Siberian permafrost. There is also a very real threat of additional methane emissions from
the other permafrost areas and from the offshore methane hydrate deposits on the
continental slopes.
In other words, it may be that we are already dealing not only with a man-induced
strengthening of the greenhouse effect, but with the dreaded runaway greenhouse effect,
global warming that has started to feed itself.
This does not mean that we are doomed. However, it does mean that, unless the Sun
becomes much less active very soon, it is no longer enough to slow down the speed by
which the concentrations of the greenhouse gases are currently increasing. We now have to
reduce the amount of these substances in the air, by removing some of the carbon dioxide
we have already released into the atmosphere. It may even be that we have to do something
to reverse the processes which are now reducing the reflectivity of our planet.
Luckily, there are numerous different ways to absorb carbon dioxide from the atmosphere
and to increase the reflectivity of a planet. I have collected, into this little book, all such
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proposals I have been able to find. Besides this I have also included a number of other,
logical possibilities.
I have tried to assess and analyse both the possibilities and the risks related to each
proposal. Because there is a chance that some of the nameless proposals would be new
ideas, I have tried to be especially critical towards them, and downplay their potential a bit,
in order to ensure that all the different ideas have been assessed as critically, ruthlessly and
objectively as possible.
There are, however, two exceptions from this rule. Some of the proposals related to trees
are kind of love affairs and one cannot be objective in a love affair. The second exception
are the proposals related to red wood ants. The vast red wood ant empires consisting of
hundreds of different mounds, vast networks of interlinked highways and dozens of
millions of individuals are so absolutely fascinating that I may have been a little bit carried
away when I described some of the experiments related to red wood ant mounds.
Changing a planet’s albedo is a dangerous thing to do, and it is important that only the
albedo changes that can no longer be reversed by different means are fought this way. The
greenhouse gases must be fought by reducing their atmospheric concentrations and not by
albedo alterations, otherwise we will most probably destroy the ozone layer.
Most books describing how to prevent a climate catastrophe concentrate on measures which
reduce the greenhouse gas and black aerosol emissions. Therefore I have only included a
short summary of all these possibilities. Moreover, I have classified them as contributing
measures, because they can no longer solve the problem, alone. I am purposefully
exaggerating this point a little.
If we begin to think in terms of a wider spectrum of options and possibilities, the issue of
global warming will no longer look quite as overwhelming and depressing as it does now.
This is important because, honestly, you must admit that even before the West Siberian
permafrost started to erupt, the perspectives were not too promising if you only
concentrated on energy saving and renewable energy.
In March, 2007, the European Union committed itself to cutting its greenhouse gas
emissions by 20-30 per cent before the year 2020 because of the most welcome leadership
provided on this issue by Germany and its very persuasive new chancellor, Angela Merkel.
In the G8 meeting held in June during the same year, and again hosted by Mrs Merkel, also
the chiefs of state of Russia, Japan, Canada and even the USA (!) agreed, at least in
principle, that it is necessary to cut the greenhouse gas emissions by 50 per cent before the
year 2050. Norway has said that it will eliminate all its carbon emissions by 2050, and
Costa Rica that it will do the same by 2030. Iceland also intends to stop producing carbon
dioxide emissions, and some of the states of the United States, including California, have
committed themselves to roughly similar cuts as the EU. But most of the other countries,
including China and India, are still planning to increase or even multiply their emissions.
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Mrs Merkel has greatly improved our chances of surviving, but if we stick to the narrow
perspective the situation is still a bit depressing. However, if we analyse the same problem
within a wider framework, within a wider spectrum of possibilities, we do not have to be
depressed. We do not have to feel guilty because there is no way most of us can eliminate
all our greenhouse gas emissions immediately. We of course have to learn, sooner or later,
some modesty and reasonable moderation in our consumption habits. We have to start
thinking what things are really important and what are not. We cannot avoid this for ever,
because global warming is far from being the only serious environmental problem in the
world, it is only the most important and immediate of them all.
But we do not have to give up all the things we enjoy. We can still eat cheese and even do
a bit of driving with our private car, and even travel a bit, even with an aeroplane. We can
still buy books and newspapers.
We do not have to see ourselves, the six and a half billion people living on the planet Earth,
only as something which is inevitably going to sink the whole biosphere by producing too
much atmospheric pollution and other toxic substances. Instead of being only the problem
and the threat we can now become the saviours of the planet. All of us, the six and half
billion of us, should now be seen also as extra hands, as people who can perhaps contribute
some of their time to the effort of saving the planet. Because, if we want to absorb
hundreds of billions of tons of carbon from the atmosphere and increase the planet’s albedo
in a safe way, we really need a lot of people. Six and a half billion pairs of hands will be
very useful. In the present situation it may, paradoxically, be good that there are so many
of us.
Helsinki, 15th April,2007

Risto Isomäki
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Some Key References











Sergei Kirpotin’s work was first publicized in the West by the world’s leading climate
journalist Fred Pearce. Pearce’s excellent book The Last Generation (Eden Project Books,
2006) contains a full chapter about the melting of the permafrost. Information based on
Euan Nisbet’s estimate about the methane emissions is mentioned in Pearce's book.
For pictures about the situation look: Kirpotin, Sergey, N.: Natural Dynamics of the SubArctic Landscapes in the West Siberian Plain as Indicator of Global Changes in Climate,
nerin.scert.ru/docs/nelda-workshop-2006/session3/3c-Kirpotin.
See also Walter, Katey and Chanton, Jeff (2006): Melting Lakes in Siberia Emit
Greenhouse Gas, Nature, 443, 71-75 or Melting Permafrost Emissions: the Other Threat to
Climate Change, Terra Nature, 15 September 2006, for information about the nature of
Yedoma permafrost and the carbon store in it.
The quotes from Sergei Kirpotin and Katey Walter are mentioned for example in
Borenstein, Seth: Scientists Find New Global Warming Time Bomb, Associated Press, 7
September, 2006 (available online).
In this book I have provided some key references about the most crucial points, but tried to
keep the list short in order to limit the amount of text. I have not provided any references
for the annexes because they are not the real essence of this book, and moreover they cover
so many different subjects that the list of references would be a bit unmanageable. Above
all, numerous good articles about all the subjects dealt with in the annexes can nowadays
easily be found from the internet with a simple computer search using some of the key
words and concepts mentioned in the text.

AUTHOR
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What is Global Warming?
The planet Earth is, at the moment, radiating back to space a little bit less energy
than what it receives from the Sun. The result is a small imbalance, amounting to roughly 1
watt of power for every square metre of our planet’s surface. This means that the Earth is
now like a house which is being heated so efficiently that the production of new heat is
more than the amount which escapes through the windows, walls and the roof. Sooner or
later a new balance will be found and the amount of escaping heat again equals the
production of heat. But until this new equilibrium is reached, the planet will keep on
heating.
Where does this approximately 500,000 gigawatt imbalance in our energy budget
come from? One reason is the so called greenhouse gases, water vapour, methane, carbon
dioxide, nitrous oxide, tropospheric ozone, the freons (or chlorofluorocarbons or CFCs)
and some of the substances which have now largely replaced them (the HCFCs). The
greenhouse gases are able to catch infrared or heat radiation before it escapes back to
space from the surface of our planet. Human activity is increasing the concentrations of
greenhouse gases in the atmosphere, and by doing this we are heating the planet.
Another factor is the so called black aerosols, small soot particles and tar balls which
are produced when something is burned. They do not stay in the atmosphere for a very
long time, but absorb sunlight efficiently.
Most of the scientists think that between 0.1 and 0.2 degrees Celsius of the 0.8 degree
warming which has already taken place, this far, has probably happened because the Sun
has been a little bit more active than before. Because of this, the small polar glaciers on
Mars have also decreased. According to one theory the Sun’s increased activity shields the
Earth from the cosmic rays more efficiently, which lessens cloud formation and thus has a
warming impact.
Some scientists say that the Sun’s abnormally high activity might actually account for
an even larger share of the currently observable warming on Earth than what is predicted
by the current models. This is hotly disputed by other researchers, but the theory would
explain, rather neatly, why everything seems to be happening much more quickly than it
should. At a practical level, it does not really matter exactly which portion of the global
warming arises from natural factors and which portion from the anthropogenic or humanmade factors. In any case it is the combination of the Sun’s activity, greenhouse gases and
black aerosols which is now threatening to drive us over the edge, and we have to
concentrate our interventions on the factors we can influence, like the concentrations of the
greenhouse gases in the atmosphere. We cannot do anything for the Sun.
As mentioned in the preface, our planet is already heating also because its albedo –
its capacity to reflect sunlight directly back to space – is diminishing. Open water surfaces,
forests, other vegetation and dark soils absorb most of the sunlight falling on them like a
sponge, so when the ice and snow cover retreats the surface of the planet becomes darker.
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Since the 18th century, the humanity has increased the carbon content of the
atmosphere by about 200 billion tons, from 600 billion to 800 billion tons. According to
one of the world’s leading climate scientists, the Indian-American Veerabhadran
Ramanathan, a 3 per cent change in the Earth’s reflectivity would heat the planet as much
as a five-fold increase in the amount of carbon dioxide in the atmosphere. If the floating
ice melts and Eurasian and North American winters are shortened, this will reduce the
albedo of our planet at least this much, even before anything happens to the actual
continental glaciers.

***
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Global Warming: A Very Serious Issue
If the climate heats by a couple of degrees centigrade, the average strength of
hurricanes and typhoons should increase by 50 per cent or so, which would make them
much more destructive. The annual number of cyclones should also increase. If the
warming amounts to 6 degrees or 10 degrees or even more, these impacts will be much
more intense.
It has been estimated that a 3 degree warming should increase rainfall because more
water will evaporate from the oceans. However, the evaporation of water from the soils,
freshwater lakes and rivers would increase even more. So, according to the climate models,
most of the tropical and subtropical regions would actually become much drier than now.
The Intergovernmental Panel on Climate Change (IPCC) has said that up to five billion
people might soon suffer from an acute lack of irrigation water.
James Hansen, a leading climate scientist in the USA, has said that sea level rise will
most probably be the most important issue of the 21st century. In the 19th century the sea
level was rising by only 0.1 millimetres per year. In 1950’s the speed started to accelerate,
and was estimated to be 2 millimetres in the 1990’s. The present rate of sea level rise
might be 3.7 millimetres per year, even though there is some variation in the results. This
rate corresponds to 37 centimetres per century, which does not yet sound very much.
The really worrying thing is the way the melting of the Greenland and West Antarctic
ice sheets is now accelerating. A few years ago glaciologists still thought that even if the
climate would become significantly warmer, it would take thousands of years before the
extra warmth would reach the bottom of the glaciers. It was thought that three kilometres
of ice would act like a three-kilometre thick bed of effective insulation material.
However, the basis of these old models describing how continental glaciers melt has
since then been annihilated completely by empirical observations. The surface melting of
the Greenland and West Antarctic ice sheets have achieved unprecedented dimensions, and
whole small rivers of melt-water have started to disappear inside the glaciers through
cracks in the ice. Scientists watching the process in awe suddenly realized, more than a
little bit shocked, that the heat can actually reach the bottom of a glacier in thirty seconds
instead of thousands of years, in the form of waterfalls created by the surface melting. The
melt water pooling under the glaciers acts like a lubricant which accelerates the speed by
which the glaciers flow towards the ocean.
At the same rate in the West Antarctic, the sea water is, eating its way from the edges
of ice a couple of more kilometres farther under the Pine Island Glacier every year.
According to many glaciologists, the process is as irreversible as the thawing of the
permafrost: it cannot stop unless the climate becomes colder, again.
The destruction of many iceshelves, floating tongues of ice which stretch from the
glaciers into the ocean, has accelerated the melting of many glaciers. It seems that the
iceshelves are acting like corks which slow down the movement of the glaciers. For
24

example the glacier behind the famous Larsen-B iceshelf – which suddenly broke into
thousands of icebergs and floated away in 2002 – is now streaming towards the sea eight
times faster than before the destruction of Larsen-B. The glaciers on the Antarctic
Peninsula are small, even if they would melt totally they would only raise the sea level by
half a metre. But glaciologists are now more than a little bit afraid that Larsen-C will be
the next to go, and that after that even the massive Ronne iceshelf might be in danger. This
would accelerate the melting of the whole West Antarctic ice sheet.
Some scientists have started to fear that the whole complex of glaciers streaming to
the Pine Island Bay of the West Antarctic may already be doomed for rapid destruction,
unless the climate cools again. Pine Island Bay is the soft underbelly of the West Antarctic.
If the two gigantic glaciers, Pine Island Glacier and Thwaites Glacier, streaming to the bay
melt, sea level will increase by two metres. Moreover, the whole West Antarctic ice-sheet
would be cut into two separate pieces. If this happens, the separate pieces would be
attacked by the warming sea waters from all directions at once, and would not last for a
very long time.
James Hansen says that it is likely that the sea levels will rise a couple of metres
during this century, and many more metres during the next. But many glaciologists now
think that things might proceed even faster than this. For example the well-known US
glaciologist Richard Alley has noted that we can no longer, after the observations made
during the summer of 2005, exclude the possibility that a large chunk of the Greenland ice
sheet would disintegrate in a couple of decades.
14,500 years ago there was a period of 400 years during which the sea levels rose by
20 metres, and it seems that 13.5 metres of this 20-metre rise took place in a very short
period of time, within a few decades, possibly even faster. The only plausible explanation
for this is that large continental ice-sheets which were anchored below the sea level
suddenly broke to pieces and floated away.
Could something similar happen in our own time? Unfortunately the possibility
cannot be totally excluded. Almost the entire West Antarctic ice-sheet has been anchored
500-1,000 metres below the sea level. Also a large part of the Greenland ice-sheet lies on
ground that has been depressed below the current sea level, as well as some relatively large
chunks of the massive East Antarctic ice-sheet, especially the Cook and Totten Glaciers and
part of the so called Ingrid Christensen Coast.
One more factor which has not yet been properly tabulated into the models is the
existence of small soot particles and tar balls and the dust from Sahara which have been
raining on top of the continental glaciers, as well as the dead algae growing on the surface
of the ice, which have also been buried under the snow. When the surface melting of the ice
reaches a certain rate, the melting begins to uncover more and more solid particles. This
should make the ice darker and decrease its albedo. If the ice is able to reflect less sunlight
back to space, the melting will accelerate. This will again reduce the reflectivity because
more soot, dust and algae will emerge from the melting ice. Thus the combined impact of
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water and “sand” on the ice might one day lead to a very rapid destruction of some of our
continental glaciers.
The melting of the West Antarctic ice-sheet would add 5-6 metres and the melting of
Greenland 7-8 metres to the sea levels, while heat expansion of the sea water would add a
further 4 metres for each 3-degree centigrade rise in global temperatures. Almost threequarters of humanity lives on the coastal areas. Also, most of our fertile farmlands are on
the same coastal lowlands.
Large tsunamis triggered by the warming may also become a serious issue. There
are at least five different mechanisms through which global warming can cause giant
tsunamis. The most immediate problem has to do with the melting of the continental
glaciers, especially in the Southern Greenland, where the speed of the melting has
increased three-fold in ten years.
An ice-sheet is so heavy that the Earth’s crust below it can be depressed downwards
by almost one kilometre. When the glaciers melt their weight is reduced and the crust
starts to bounce back. This causes violent earthquakes which can happen simultaneously
on very large areas. The ice-sheet of Greenland is still losing only 240 cubic kilometres of
ice, annually. Though it is less than 0.01 per cent of the total, even this rate of melting has
led, in a decade, into a substantial increase in earthquakes with the strength of 4.6-5.1 on
the Richter scale. Richter 5 earthquakes are still very small but a Richter 7 earthquake in
Southern Greenland might already cause a devastating tsunami along the coastal areas of
Western Europe, Eastern Canada and Eastern United States.
There are large deposits of loose sediments on Greenland’s continental slopes and
they can be destabilized by earthquakes. In 1929, Newfoundland was hit by a tsunami
which was created when a Richter 7 earthquake triggered a 200-cubic-kilometre
underwater landslide. The tsunami was 7 metres high on large stretches of the coastline
and 27 metres high at bays which concentrated its energy. The wave did not do any
damage in Europe or further South because its power was broken by shallow waters. But
the Southern tip of Greenland is relatively close to Europe, and a slightly larger
underwater landslide could cause a very dangerous tsunami surging towards Europe with
the speed of a jet plane. If the melting accelerates further so that hundreds of thousands or
millions of cubic kilometres of ice melts, there will be much larger rebounce earthquake
tsunamis, sooner or later.
Another problem is that in many places the sediments on the continental slopes are
kept together by the so called methane hydrates or methane clathrates, substances in which
methane gas has been trapped inside small molecular-level cages of ordinary ice. The
clathrate deposits are only stable in high-pressure conditions and in temperatures only
slightly above the freezing point of water. The methane clathrate deposits were originally
discovered by the Russian scientists in the 1970’s. The German GEOMAR institute in Kiel,
which might now be the world’s leading centre for methane hydrate studies, has warned
that if the oceans heat too much, some of the hydrate deposits may melt. This could both
release huge quantities of methane into the atmosphere and cause giant tsunamis. 7,900
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years ago between 4 and 8 billion tons of methane was suddenly released at the coast of
Norway, enough to temporarily heat the planet by several degrees. The destabilization of
the hydrate deposit also triggered a large submarine landslide known as Storegga, or the
Great Wall. The 1,700-cubic-kilometre landslide did cause a big tsunami, and there will be
similar events in surprising places if we allow the global warming to proceed.
It is urgent and of utmost importance to improve the sea defences of the coastal
nuclear power plants, nuclear fuel recycling facilities and the cooling ponds storing used
nuclear fuel before anything like this happens. The easiest and fastest way to do this may
often be to use large blocks of concrete and pile them on top of each other so that they
make a high wall capable of breaking a tsunami. For example the Japanese have often
used this method.

***
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Can the Atmosphere Become Poisonous for Humans?
In the late 1990’s I wrote a science fiction novel (The Awakening) in which the West
Siberian permafrost and the offshore methane hydrate deposits started to melt, releasing
huge quantities of methane into the air. In the novel people started to suffocate to death
when the atmosphere became poisonous for them.
At the time I thought that this scenario was purely fictitious, and that the idea would
have no relevance in the real world. However, now I am no longer so sure about this.
The present oxygen content of the atmosphere is 21 per cent, which means roughly
one and a half million gigatons (1 gigaton = one thousand million tonnes) of free oxygen.
There are at least 5,000 gigatons of carbon tied to natural gas, oil and coal deposits,
possibly much more. The soils of the continents contain about 2,000 gigatons of carbon,
trees and other vegetation around 500 billion tons, the peatlands perhaps 1,000 gigatons
and the permafrost 900 billion gigatons. Besides this the huge mudflats created by
mangrove swamps have stored an unknown quantity of carbon and there are large, very
poorly known methane hydrate reserves under the permafrost. The oceans contain about
40,000 gigatons of dissolved carbon.
The greatest unknown factors are the offshore methane hydrate deposits. Early
estimates about their size varied from 1,000 gigatons to the mind-boggling 10,000,000
gigatons. It now seems that the largest early estimates were wildly exaggerated, but the
uncertainties are still major. At the moment it is assumed that there are at least 10,000
gigatons of carbon stored in the methane hydrates. For all we know the figure could easily
be several times or even ten times larger than this, but in the light of the new studies the
reserves are very unlikely to amount to hundreds of thousands or millions of gigatons.
When methane (CH4) erupts into the atmosphere four tons of oxygen are lost for each
ton of methane, except when carbon monoxide is produced. This is very simple secondary
school chemistry. Both the methane molecule’s carbon atom and its four hydrogen atoms
react with oxygen. One oxygen atom and two hydrogen atoms make water, and one carbon
atom and two oxygen atoms form a carbon dioxide molecule. The atomic weight of oxygen
is 16, the atomic weight of carbon 12 and the atomic weight of hydrogen 1, so a methane
molecule with an atomic weight of 16 consumes two O2 molecules with a combined atomic
weight of 64. These reactions happen when methane is broken down in the atmosphere by
the hydroxyl radical (OH-). Similarly, when something containing carbon like oil or peat
burns, each ton of carbon consumes 2.7 tons of oxygen.
How much methane and carbon can be released into the atmosphere before we start
having serious problems with breathing? Some of us get pulmonary embolism even below
the altitude of 2,500 metres from the sea level, even though most are capable of spending
short times at an altitude of 7,000 metres without any extra oxygen. But no known mammal
is able to reproduce above the altitude of 4,000 metres. The weak spot of mammals is the
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placental system. Also human foetuses get their oxygen through the placenta, and placental
blood is always a mixture of the mother’s well-oxygenated and poorly-oxygenated blood.
Does this mean that our practical survival level as a species is the oxygen content
currently existing at the altitude of 4,000 or 3,500 metres? Not quite. Scientists have
exposed different mammal species for lowered contents of atmospheric oxygen in differing
temperatures. These experiments have proven, beyond any reasonable doubt, that high
temperature greatly increases the stress level caused for mammals by lowered oxygen
concentrations. The phenomenon is poorly understood but it is very real. In other words,
some mammals are currently able to reproduce at 4,000 metres partly because the
temperatures at that height are about 20 degrees centigrade lower than at the sea level.
55 million years ago a few thousand gigatons of methane, probably most of the
methane which was then stored in the methane clathrate deposits, was released into the
atmosphere. According to the best estimates currently available, the global temperatures
increased by 8-10 degrees Celsius and the oxygen content dropped by 2 percentage points.
This seems to have been enough to kill off many, if not the majority of all larger mammal
species. This is a sobering scenario because it might mean that even for us the extinction
level could be around the same 2 percentage points, if such a drop in oxygen
concentrations is accompanied with significant global warming.
If 10,000 gigatons of methane would be released from the clathrates 40,000 gigatons
of oxygen would be consumed and the oxygen concentrations might drop by 0.5 percentage
points. We should be able to survive this, as a species. But what if the methane clathrate
deposits are still a little bit larger? If for example 40,000 gigatons of methane were
released from the clathrates, atmospheric oxygen would be reduced by 2 percentage points.
It is, actually, likely that the methane clathrate deposits are significantly larger, now, than
55 million years ago because at that time the world was a few degrees warmer than now.
We might or might not be able to survive a 2 percentage point drop in the
atmosphere’s oxygen levels. Unfortunately, the most serious danger may not be the drop of
oxygen. It might be carbon monoxide.
When methane is broken down in the atmosphere it first reacts with one hydroxyl
radical, and becomes carbon monoxide. Then the carbon monoxide molecule again reacts
with another hydroxyl radical, captures another oxygen atom and is thus transformed into
carbon dioxide. However, there is only a limited amount of hydroxyl radicals in the
atmosphere, and they are not evenly distributed. The concentrations in the tropics are the
highest because of the intensive ultraviolet radiation, but in the Arctic the amount of
hydroxyl radicals in the air can be extremely small, especially during the late autumn and
winter, when there is very little sunlight.
What if there were very large and very rapid eruptions of methane from the
permafrost or from the offshore methane hydrates on high, Arctic latitudes during the late
summer, just before the winter? If the hydroxyl radicals would be so few, that only half of
the methane would be broken down to carbon dioxide and the other half would be only
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partly consumed and remain in the air as carbon monoxide, a relatively minor amount of
methane could make the atmosphere poisonous for us.
When our air contains 1 per cent of carbon monoxide we die in approximately one
hour, after 50 per cent of the haemoglobin molecules in our red blood cells have lost their
ability to transport oxygen inside our bodies. On a longer run much smaller amounts of
carbon monoxide in the air will be lethal. A long exposure to a carbon monoxide
concentration of only 75 parts per million (!) will soon disable about 30 per cent of our
haemoglobin and causes serious and gradually accumulating health problems for us.
Roughly 600 gigatons of methane suddenly breaking down to carbon monoxide would
theoretically be enough to raise the carbon monoxide content of the whole atmosphere from
the present average of 0.5 parts per million (ppm) to the above mentioned level, 75 parts
per million. These are more than a little bit uncomfortable figures, keeping in mind that the
overall quantity of methane in the offshore hydrate deposits probably exceeds 10,000
gigatons, and could well be several times larger.
A further factor are the hydrogen sulphide bacteria which dominate the sea bottom in
places where the conditions are totally anoxic, where there is in practise no dissolved
oxygen in the sea water. If the temperatures rise significantly the oceans’ capacity to
absorb oxygen from the atmosphere drops. At the same time, the warming might shut off
the so called global conveyor belt of ocean currents and halt the efficient formation of cold,
deep water in the Arctic and Antarctic waters. This should lead to a stronger stratification
of the water masses, because there would be less richly-oxygenated, cold water sinking to
the sea bottom. The depths would become anoxic - like the bottom of the Black Sea today.
The flux of poisonous hydrogen sulphide emissions could rise to 2,000 times their present
levels, and the toxicity of hydrogen sulphide increases steeply with the temperature.
On the basis of the currently existing information the threat of atmospheric changes
leading to the extinction of Homo sapiens as a species cannot be excluded. Actually, much
more than this could be lost. The Earth might lose the whole magnificent diversity of
mammals which has developed during the last 65 million years, not just humans but also
the great whales and elephants and horses and rhinos and moose and deer. This would be
a great disaster. Blue whales probably are the largest and most majestic animals which
have ever existed on our planet, and sperm whales compete with the giant mosasaurs (like
liopleurdon) about the title of the greatest predator which has ever lived.
The world would most probably be inherited by animals equipped with more efficient
respiratory systems: the birds and the cephalopods (squids, octopuses and nautiloids). In a
way this would, of course, be nothing new because in reality this is a planet of the squids.
70 per cent of the Earth is covered by water and cephalopods were, for 450 million years,
the dominant predators in the oceans. Even in the era of the mammals they have never
been insignificant, and they will quickly regain their former status if the mammals decide to
leave the scene.
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REMOVING THE EXTRA CARBON FROM THE ATMOSPHERE
To remove part of the carbon dioxide we have already released into the atmosphere
sounds like something very difficult. However, this is an illusion. Removing carbon from
the air is actually much cheaper and easier and much simpler than reducing the carbon
dioxide emissions.
The atmosphere may have originally contained about 30,000 times more carbon
dioxide than the present 800 billion tons. Besides this volcanic eruptions have occasionally
added large quantities of carbon into the air. According to one estimate different chemical,
biochemical and biological processes have, during the history of our planet, removed from
the atmosphere roughly 140,000 times more carbon dioxide than its present quantity in the
air.
We are now annually emitting about 7 billion tons of carbon into the atmosphere by
burning fossil fuels and destroying tropical forests. The various natural cleaning
mechanisms are still able to handle one half of this, but the other half stays in the
atmosphere.
About 200 billion tons of carbon is annually converted to carbohydrates by singleand multi-celled plants. Only a tiny fraction of this is buried and taken permanently out
from the atmosphere, the rest is quickly released back through the plants’ own respiration
or through the decomposition of organic matter. If we can find a way to store 3 per cent of
all this carbon permanently we have eliminated our annual carbon dioxide emissions and
absorbed about 2.5 billion tons of carbon from the atmosphere. A few of the most
important ways to do this are mentioned, below. All these possibilities are complementary,
they do not exclude each other. It is not necessary to remove all the extra carbon by one
method, only.
Moreover: we should remember that most of our land ecosystems are severely
degraded and that their biological production is now only a small fraction of what it has
once been and what the real future potential of these ecosystems still is. By regenerating
and revitalizing the various key ecosystems we can easily achieve a much higher biological
carbon flux than the mentioned 200 billion tons per year.
So when it comes to global warming, carbon dioxide is actually the least of our
problems. We only have to pick the most beneficial and profitable methods which bring
with them the greatest economic savings and a variety of other benefits for the people.
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1. Storing Carbon in Old Oil and Gas Wells
The Norwegian environmental organization Bellona and the scientists working for the
oil and gas industries have proposed that carbon dioxide could be captured in thermal
power plants when coal is burned. It can then be transported and stored into old oil and
gas wells or saline aquifers. It is quite unlikely that the carbon dioxide would be able to
seep through into the atmosphere. If the soil layers have been so impermeable that natural
gas has not come through, carbon dioxide can also be trapped and stored like this. Besides,
in depths below 800 metres carbon dioxide behaves more like a liquid than a gas.
Recommendation: Recommended as a partial solution.
This originally Norwegian idea has played an important role in the discussion related
to global warming. Thanks to the idea in April 2007 Norway became the first country in
the world that had announced that it will eliminate all its carbon dioxide emissions by the
year 2050. The idea also made it easier for the European Union to commit itself to a
unilateral 20 per cent cut. These are very, very important achievements. However, this
may not be the cheapest nor the safest way to store carbon. In some cases the carbon
dioxide stored in the old gas and oil wells might be released into the atmosphere, which
might kill the people living nearby: the air could become anoxic and poisonous over large
areas. In any case, the method can only be applied to carbon emissions from coal-fired
thermal power plants and some industrial facilities, and its potential is limited by the fact
that most of the suitable places will be too far away from the large concentrations of
thermal power stations. The Department of Trade and Industry in the United Kingdom has
calculated, that the method would cost, in 2020, between 460 and 560 British pounds for
each stored ton of carbon even when the aquifer would be relatively close to the thermal
power plant, and the cost rises if the distance becomes longer. When the pumping of the
carbon dioxide into the oil well is done so that it brings some remaining, heavy oil to the
surface, the costs can sometimes be covered by the enhanced oil recovery. But when the oil
is burned it of course again produces carbon dioxide.

2. Storing Carbon in Sea Water
Some scientists working for the oil and gas industries have suggested, that the flue
gases of the thermal power plants could just be pumped into the ocean depths, so that the
carbon dioxide in them would be dissolved in sea water.
Recommendation: Not recommended.
Such a waste disposal system would increase the amount of dissolved carbon dioxide
in the oceans. If the oceans warm, their gas absorption capacity will be reduced and the
carbon dioxide will start bubbling back into the atmosphere. Moreover, the water in the
ocean depths would become more acidic, or, to be more precise, less alkaline. Even a
minor acidification of the water would be a big problem for most of the bottom-dwelling
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animal species. According to one estimate there may be 10-100 million different animal
species living at the sea bottom, which would be roughly equivalent to the amount of
biodiversity currently existing in the rainforests.

3. Converting Carbon Dioxide to Solids or Liquids
Many scientists working for the coal industry have proposed, that carbon dioxide
could be captured in the thermal power plants – or, alternatively, in any other place on
Earth - and chemically converted into different kinds of solids or liquids which can then be
stored, easily and safely. There are a number of different possibilities. The US scientist
Klaus Lackner has proposed that we could use an alkaline igneous rock called serpentine.
When it would react with carbon dioxide the resulting product would be magnesium
carbonate. Magnesium carbonate is a stable solid which can be used as a construction
material.
Another interesting option is to convert the chalk stored in the already existing
cement (concrete) structures back to limestone. The annual world production of the so
called Portland cement is rapidly approaching the level of two billion tons. According to
different estimates Portland cement is already responsible for 7-10 per cent of all humanmade carbon dioxide emissions. One third of these emissions is related to energy use:
Portland cement is made of a mixture of clay and limestone (calcium carbonate) which has
to be heated to 1450 degrees Celsius. But the other two thirds are process emissions,
carbon dioxide which is released when limestone is converted to chalk. The chalk on the
surface of the different concrete structures soon converts back to calcium carbonate. This
absorbs a little bit of carbon dioxide from the atmosphere, but the process stops when the
tiny air holes in the concrete become blocked. For this reason it can take 30,000 years
before a large slab of concrete has carbonated fully. Moreover, when old blocks of flats,
factories, office buildings and other structures made of concrete are dismantled, the
concrete is usually buried under the ground in landfills or carbage dumps or used as
crushed stone in road construction, which again slows down the carbonating process. It
would be better to break the dismantled concrete blocks to smaller pieces and to store them
in large above-ground piles for 20-30 years before they are buried. In this time the chalk in
the concrete blocks would be converted back to limestone, and a lot of carbon dioxide
would be absorbed in the process, 500 kilograms for each ton of cement originally
produced.
Recommendation: Recommended as a partial solution.
Transforming old concrete structures back to limestone is a very cheap and costeffective way to remove large amounts of carbon from the atmosphere, and the production
of magnesium carbonate probably makes perfect sense whenever there is a use for the
product.

35

Recommended Reading:


About Klaus Lackner's proposal see: Lovelock, James: The Revenge of Gaia, Penguin
Books, 2006, p 166

4. Burying Wood in Lakes, Peatlands or Deserts
Numerous different people have said, that we could remove carbon simply by
growing trees and then storing them in freshwater lakes, peatlands or deserts. Wood is
well preserved at the bottom of freshwater lakes or in peatlands. About 50 per cent of the
dry weight of wood is carbon, so if we sink one cubic metre of wood into a freshwater lake
or into a peatland we have sequestered 250 kilograms of carbon out from the atmosphere.
The Baltic Sea could also be used as a carbon sink because it has so low a salt content that
the ship worms (Tercedo navalis) cannot live there. Wooden shipwrecks that sunk in the
Baltic a thousand years ago still exist, in the oceans most of the wood is eaten relatively
quickly unless it will become covered by something which prevents the activities of the ship
worms. Hyperarid deserts are also an option. Indian scientists discovered, in 1915, a
large wooden palisade that had surrounded the old town of Pataliputra. The palisade was
then 2,280 years old but it had been perfectly preserved under the sand. For exmple in the
Saharan desert the wood would be even more safely stored. If we can produce enough
wood, there is no practical limit to how much of it we can store in peatlands, deserts,
freshwater lakes or the Baltic Sea.
Recommendation: Not recommended.
Even though the method would be technically easy to implement and quite safe, it
would be an expensive way to solve the problem. The costs would be lower than with the
first three options, but still very high.

5. Storing Carbon in Trees
Numerous people have said, that one of the easiest and most obvious ways of
absorbing carbon dioxide is to plant more trees or, alternatively, to let the already existing
trees to grow larger.
There is absolutely no doubt that this way carbon dioxide can be taken out from the
atmosphere.There are numerous tree species which can live for thousands of years and
attain a gigantic size. However, in this context, a number of concerns should be taken very
seriously.
First and foremost, it is imperative that the schemes are strongly supported by the
local people. If they are opposed by the people, the carbon in the trees will not be safely
stored. The programme must be beneficial to the local people and it must add to their
resource base. Also, the existence of the benefits must be perceived, acknowledged and
appreciated by the people. The species have to be chosen so that the people consider the
trees useful and that they will have a very strong incentive not to cut their main trunks,
ever, for timber or firewood. In practise this means trees that attain a large size and that
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produce large quantities of food or raw material for bio-energy as long as they remain
standing. And the trees should preferably be species which can not burn in a forest fire.
There are numerous possible species and a myriad ways to grow several species
together. I have written two full books about the subject, one by myself and one with
Maneka Gandhi. I cannot list all the interesting possibilities here. I will concentrate on one
example, the African baobab (Adansonia digitata) which could be the world’s supreme
carbon storage tree.
The African baobab, the wooden elephant, is no ordinary tree. Baobabs cannot burn
in any kind of forest fires, they simply do not even notice them. Carbon stored in a baobab
is, therefore, carbon safely stored. In very dry and hot areas baobabs reach a much larger
size than any other tree species. They are able to become giants where nothing else grows
well! Young baobabs grow much faster than any other trees that attain a very large size
and which have a very long life-span. A 70-year-old baobab planted on good soil may
already be three metres in diameter. Baobabs grow astonishingly fast for 270 years or so,
then the growth slows down, but the trees can already be a bit large, at that time. The
largest specimen which has ever been measured had a diameter of 18 metres.
In many African countries baobabs are considered the most useful trees that exist.
The fruit is large and the fruit flesh and seed highly nutritious. The fruit pulp mixed with
water makes a nice, refreshing drink. The seeds can be eaten raw or roasted, or processed
to flour or oil. The leaves too are edible and have a nutritional value comparable to
spinach. They contain large concentrations of vitamin A. This is important because it
seems that a sufficient amount of vitamin A significantly reduces illness and mortality
caused by diarrhoeal diseases, respiratory diseases and malaria among children. It also
prevents xerophtalmia, which still blinds almost half a million children every year.
The young roots are edible. The bark is an excellent raw material for mats, cloth
fibres, water-proof roof tiles, water-proof hats, ropes, nets, baskets, insulation material,
paper and elephant feed. The bark grows back quickly. The fruit shell is wooden and
water-proof. It is often used as a container or to make cups, plates, saucers and other
utensils. During colonial times, when giant baobabs were much more common, large trees
were often used as offices, restaurants, cafes or bars. They would also make nice schools,
libraries and book shops!
African baobabs do not even compete with other land uses to the extent most other
trees do. They do not kill the undergrowth under their canopies. Their style is relaxed and
they seem to practice ‘live and let live’. Annual food crops, including maize, can be grown
very close to giant baobabs, so close that some of the plants touch the main trunk. The
partial shade provided by the baobabs and the fertilizing effect of their leaves may even be
beneficial for the surrounding crops.
Baobabs could be planted on a vast range covering almost two thirds of Africa, much
of Australia, South India, Indonesia, tropical South and Central America, the Caribbean
and even some parts of the United States (Florida). Let’s assume, as a thought experiment,
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that we would plant 6.5 billion baobabs, one for every woman, man and child on the planet.
This would not take long if many people cooperated, because baobabs grow easily from the
large seeds. After planting they need some protection against the cattle and against
elephants, but they will soon be able to manage by themselves. 6.5 billion surviving
baobabs should, in half a century, absorb from the atmosphere at least 100 billion but
possibly 200 billion tons of carbon if the carbon in the roots, fine roots, litter and humus is
taken into account.
The idea of this example is not to say that we should only plant baobabs and that we
should plant exactly 6.5 billion of them. There are thousands of other beautiful and
magnificent tree species, and many different food-producing trees which should also be
planted. The point of the example is to show that the often repeated claim that it is not
really possible to absorb much carbon dioxide from the atmosphere by planting trees
simply does not hold water. If we think in terms of pulp plantations with a short rotating
cycle, the possibilities are limited. But if we take a closer look on the various land-use
systems and ecosystems and on all the tree species available, the picture changes in a most
dramatic way.
In the most densely populated areas of Nigeria, field farming has been largely
replaced with multi-storey home gardens in which annual plants are being grown together
with food-producing trees of differing sizes. Such tropical home gardens are typically five
or ten times more productive (per hectare) than field farming. When field farming is
replaced by multi-storey home gardens a lot of carbon dioxide is always sequestered,
because such agroforestry systems have a much larger store of organic carbon on each
hectare than the lands used for field farming or pasture. Robert K. Dixon, the director of
the US Support for Country Studies to Address Climate Change, has estimated that using
sustainable forest and agroforestry management practises on 500-800 million hectares
could annually sequester and conserve 0.5 – 1.5 billion tons of terrestrial carbon.
Specific attention should perhaps be given to trees which attain a large size and
which are especially good producers of bio-fuels. For example the African marula trees
(Sclerocarya spp) could produce an annual hectare yield of 20 tons of fruit flesh, 1-2 tons
of highly nutritious, edible kernels and about 20 tons of very, very hard nut shells with an
energy value closer to that of coal than that of softwood. Marula shells are so hard that
they do not burn well in small stoves, but they could be burned in somewhat larger local
power plants. The West African safou (Dacryoides edulis) is a relatively large tree which
might become an even more productive oil tree than the oil palms, if some effort is devoted
to its selective breeding.
Even with the commercial forests producing raw materials for forest industries, the
carbon-storing possibilities are more significant than what is often admitted. In Finland
the largest standing stocks of wood found in natural reserves or other more or less
untouched natural forests are around 800 fast cubic metres of trunk wood per hectare and
these forests are hundreds of years old. However, spruce forests planted on good soils can
reach a standing stock of 600 fast cubic metres in 70 years. In Punkaharju a planted larch
forest reached 1,200 cubic metres in 110 years and the best-growing part of another larch
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forest in Raivola (which is now on the Russian side of the border) contained 2,000 fast
cubic metres of trunk wood per hectare when it was 257 years old. In other words, planted
commercial forests could contain even larger amounts of carbon than the protected,
natural forests if their growing cycles are somewhat lengthened so that a little bit less pulp
wood and a little bit more timber wood would be grown in them. It seems that a planted
forest reaches the maximum carbon store of a natural forest relatively quickly, and that the
maximum carbon store in a planted forest is much more than the maximum for the natural
forests, in which there are only relatively few large trees on each hectare. The average
carbon store on commercial forests in Finland is, of course, very low because the normal
growing and cutting cycles are so short. On an average there is less than 40 fast cubic
metres of standing trunk wood in a Finnish forest, which is a very low figure.
Two things have recently confused the discussion about trees and global warming.
According to one research report, trees and plants may produce methane as a part of their
metabolism. It is not yet clear whether this is true or not, because other studies have not
been able to corroborate the finding. However, even if the trees produce significant
amounts of methane, the impact would be richly compensated by the fact that the trees
reduce the methane emissions from the soils by evaporating large amounts of water and
thus drying the topsoil, and by airing the soils through the action of their root systems,
which assists the bacteria in destroying methane before it gets into the air. Different types
of wetlands and wet soils produce a major part of the world’s methane emissions even
though their combined area is very small. Therefore it just does not make any sense to cut
the trees down to reduce methane emissions. The wet soils produce, as a thumb rule, about
one hundred times more methane than soils with a dry or relatively dry (moist) surface
layer. Water deeper in the ground does not matter if there is a layer of soil filled with
aerobic bacteria breaking the methane closer to the surface. The important thing is that the
uppermost layers of the soil are well aereated and dry during the summer, because the
production of methane increases steeply with temperature.
Trees also absorb nitrous oxide, ozone and black aerosols from the air. According to
research carried out in Sacramento County, USA, the county’s six million trees annually
remove 665 tons of ozone, 164 tons of nitrous oxide and 748 tons of small particulate
matter from the air. Both nitrous oxide and ozone are strong greenhouse gases. Above all,
the trees and other vegetation annually produce about a billion tons bioaerosols, tiny
organic detritus, which reflects sunlight back to the space, contributes to cloud formation
and increases the reflectivity of clouds by making them whiter. According to latest
estimates 25 per cent of all atmospheric particles consist of bioaerosols.
The other issue is more serious. Trees planted on northern peatlands, farmlands or
Arctic tundra, areas that are covered by snow for a large part of the year and which have
been treeless, earlier, reduce the Earth’s reflectivity because the trees are much darker
than snow. This effect is very significant, more important than the carbon dioxide absorbed
by the trees. However, this is only true when snowfields are transformed into forests.
When trees replace dark-soiled farmlands or lower vegetation on warmer latitudes, the
albedo of the area may even increase a little bit.
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As for the afforestation of sand deserts, we do not really know what the overall
impact on albedo might be. Sand is largely made of quartz, which makes it a bit reflective.
A forest has a lower albedo than a sand desert. The impact, however, is at least partly
compensated by the increased cloud formation and by the bioaerosols produced by the
trees. We simply do not know enough to do the numbers.
Recommendation:
Highly recommended. but only when the programmes are strongly supported by the
large majority of the local people, and when they are implemented so that they appropriate
further resources into the hands of the local communities, instead of appropriating local
resources into the hands of large companies or wealthy individuals. Food-producing tree
species which attain a large scale and which can easily survive forest fires should be
preferred. When climate change is combated by planting food-producing trees, the
resulting fringe benefits may be larger than with any other possibility mentioned in this
book.

Recommended Reading:




About trees and global warming: Isomäki, Risto and Gandhi, Maneka: The Book of Trees,
The Other India Press, 2004;
about bioaerosols look: Jaenicke, Ruprecht (2005): Science, Vol 308, p 73;
about the trees’ capacity to remove pollutants from the air see for example Air Pollution
Control – The Tree Factor in Urban Forest Research, January 2005 (available online).

6. Storing Carbon in Giant Anthills
In the northern areas which have no termites or other insects that can consume dry
wood, the carbon stored in wood or in other kinds of biomass will not decompose as long as
its moisture content is kept below 15 per cent. In practise even keeping the moisture
content below 20 per cent is enough.
This means that in such northern, "non-termitic" climate zones absorbing and storing
carbon from the atmosphere is very easy, indeed. Split logs or logs from which the bark
has been removed, tree branches and crowns, stumps or any other biomass only has to be
collected in the shape of large, round piles resembling huge anthills. The piles have to be
so large that the rain falling on them will not be able to maintain a higher than 20 per cent
moisture level. The piles have to be established on rocks to prevent the wood from seeping
moisture from the ground. And the piles must not be so large that they become too
compressed so that the wind can no longer pass through them and dry the wood. Any
amount of wood and biomass can be stored this way, more or less permanently.
Recommendation:
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Field trials conducted by the author in Bromarv (Tammisaari), Asikkala and Pelkosenniemi
(three municipalities of Finland) have proved that the concept seems to work. However, it
may not be advisable to give a very prominent role for this method, because such piles of
dry wood can easily burn in a forest fire.

7. Storing Carbon in Anthills
This may sound like a joke and according to the currently existing research
litterature the mounds of northern red wood ants do not have much significance as carbon
stores. According to the few studies which have been made of the subject, they typically
contain less than one ton of carbon per hectare of forest.
However, this is not the whole truth about red wood ant mounds. The red wood ant
societies are very impressive, they can consist of hundreds or even thousands of separate
mounds linked to each other by a network of highways, and the number of individuals
belonging to the same imperium can amount to hundreds of millions. Very large individual
mounds can have a population of two million. Because each large mound contains
hundreds of different queens, the society can exist for hundreds or theoretically even
thousands of years. If the ant societies will be left in peace for hundreds of years and if the
mounds are protected from bears, badgers, racoon dogs, wild boars and woodpeckers, the
mounds can grow very large, indeed. In the Auttiköngäs forest conservation area of
Southern Lapland (Finland) there is one old mound which is about three and a half metres
high and six or seven metres wide. Only the very top of the mound is alive with ants but
there is a giant pile of partly composed organic matter under the living part.
In the northern areas anthills will typically grow much larger and create relatively
significant carbon stores per hectare if they are not be destroyed by the logging. The red
wood ants can preserve into their mounds many kinds of organic stuff which would
otherwise decompose quickly, like pine and spruce needles and tiny pieces of wood, moss
and plant leaves. This happens because the ants regulate the humidity of the nest. They
keep the cover of the mound almost completely water-tight so that the moisture content
inside the mound is typically less than 5 per cent, much lower than what the various
organisms decomposing litter would require.
When the forest is clear-cut the wood ants lose their most important source of food,
the excreta of the aphids - the cows of the ants - living in the trees. Also, the soil often
becomes too dry during the summer. Thus logging destroys the colonies. The very young
forests, on the other hand, are a bit too thick for the colonies, the mounds do not get enough
sunlight and warmth. The mounds really start to grow well only after the forest has been
thinned a couple of times, but then they only have a few decades left before the rest of the
trees are clear-cut and the mounds will be destroyed, again.
It would be unrealistic to propose a total ban on all commercial logging to protect
the red wood ants. But it would be possible to choose, let’s say, ten anthills per hectare for
protection, and leave at least one spruce tree standing near each of them. The shade and
food (aphid herds) provided by even a single standing tree might be sufficient to keep the
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mound alive over the difficult period. A group of two or three spruce trees would definitely
be enough. Such an arrangement would finally produce a relatively large additional store
of carbon, perhaps 50 tons per hectare. There are a few thousand million hectares of
northern lands where there are red wood ants constructing large mounds. So, a lot could be
done just by enacting laws which required the forest owners and loggers to ensure the
protection of a certain number of red wood ant mounds for each forest hectare (when
logging is done in an area which belongs to a major ant colony).
I have personally conducted a number of field trials (in Bromarv, Asikkala,
Pelkosenniemi and Rovaniemi) in which both large, coarse litter (stumps, large branches,
small branches, cones etc) and fine litter (needles, leaves etc) were deposited on top of red
forest ant mounds by a human actor. A human being can make a big pile of loose branches
in half an hour and collect a substantial amount of pine or spruce needles with a rake in a
couple of minutes. However, the organizing and arranging of the millions of needles so
that they will not decompose requires, from a human viewpoint, too much labour.
According to the field trials the hundreds of thousands of workers of a red wood ant colony
are capable of organizing a surprisingly large amount of needles and integrating them into
the structures of their nest mound in a single day if the stuff is loaded on top of the nest or
very close to it. This kind of human help is clearly beneficial for the colony, if too much
stuff will not be dumped at the Southern side of the mound at once. One 30-centimeter-high
and 60-centimeter-wide mound grew to a 1.5-metre-high and 2.5-metre-wide mound in two
years when it got some help from the human friends. The population of the mound grew
dramatically, the highways stretching out from the nest became longer and the density of
traffic was greatly increased. There were also a number of new highways.
The ant population on our planet weighs about as much as humanity. Many of the red
forest ant individuals spend most of their lives in an effort to store organic matter (carbon)
into their mounds, out from the atmosphere. On a weight-by-weight basis the ants are
much more efficient than humans. We cannot run fast carrying thick ten-metre-long logs on
our shoulders! So perhaps we should also pay some attention to whether it would be
possible to fight global warming through different types of human-ant-partnerships. If
there are, in any case, about one hundred million billion guys who are already doing their
utmost to sequester some carbon out of the atmosphere, why shouldn’t we join our hands
with them, even though they might be a bit smaller than ourselves?
This is a very cheap and non-laborious way to fight the global warming. You can,
actually, also use a red forest ant mound as a dumping place for all kinds of organic stuff.
What they will not eat they will preserve, so that the carbon stays out from the atmosphere.
By working a couple of days with the ants you can contribute much more to the prevention
of a climatic catastrophe than by buying a Lexus hybrid car, and you save the price of the
car.
There are also a number of other important benefits. A single mound with half a
million ants consumes about 100,000 caterpillars and other insects in a day. Because of
this red forest ant colonies protect the forests, very efficiently, against the damage done by
various insects. The effect has very real economic significance, because a surprisingly
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large percentage of the wood crop in a forest is often destroyed by insects. For this reason
German foresters have often protected large wood ant mounds from woodpeckers and wild
boars by placing wire meshes on top of them.
The same result can actually be achieved simply by placing a few large tree branches
on top of the mound. According to the experience of the author a few branches are always
enough to discourage the badgers, racoon dogs and woodpeckers from doing any major
damage. However, a badger only weighs about ten kilograms. To discourage a 200kilogram bear it is necessary to use a larger number of branches.
It seems that the red forest ants are also very effective in controlling ticks. The yard
of my own house belongs to a vast red wood ant empire consisting of a few hundred
mounds and perhaps a few tens of millions of individuals. During some seasons the yard is
visited by roe deer, white-tailed deer, badgers, foxes and hare almost every night and often
even in day-time, and in Southern Finland a deer typically carries between a few hundred
and one thousand adult ticks, each of which lays about 2,000 eggs. However, during the
years 1993-2006 none of the children or domestic animals playing in the yard ever got a
tick from the long grass. Moreover, I have not found any ticks even by dragging a white
towel in the hay. The only possible explanation I can think of is that the ants are probably
doing something for the ticks.
Numerous books and articles say that the armour of the ticks is too much for the ants,
but I doubt whether this is true when the ants are around in large enough numbers. Or it
might be that the ants just consume the eggs, larvae and the nymphs of the ticks. Anyway,
the effect seems to be the same. This observation could be more than a mere curiosity,
because after the mosquitoes the ticks are the most important vectors of human disease.
They carry for example the Lyme disease, a serious illness caused by spirochetes (syphilisrelated cork-screw-formed bacteria). According to new research Lyme disease probably is
an important cause of schizophrenia, clinical depression and bi-polar disorder.
Recommendation:
The idea should be investigated further. It might have real significance, if a few
million people became excited about it. The human-ant-partnership rules! Humans have,
this far, only domesticated two insect species: the silkworm and the honey bee. Perhaps we
could also domesticate some of the red forest ant species, so that after a thousand years
they only live in the carbon storage mounds which have been co-constructed by humans
and ants.

Recommended Reading:


Risch, Anita C. et al: The Contribution of Red Wood Ants to Soil C and N Pools and CO2
Emissions in Subalpine Forests, Ecology, Vol 86(2), 2005, pp 419-430.
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8. Storing Carbon in Sea Salt
A small newspaper coming out in Saltzburg, Austria, published the following news
report in the year 1666: "In the year 1573, on the 13th of the winter month, a shocking
comet-star appeared in the sky, and on the 26th of this month a man, 9 hand spans in length,
with flesh, legs, hair, beard and clothing in a state of non-decay, although somewhat
flattened, the skin a smoky brown color, yellow and hard like codfish, was dug out of the
Tuermberg mountain 6300 shoe lengths deep and was laid out in front of the church for all
to see. After a while, however, the body began to rot and was laid to rest."
The human body is largely made of carbon. Normally the carbon stored in our
tissues will rapidly decompose after we die and is quickly released into the atmosphere as
carbon dioxide. But if you happen to die in a salt mine and remain there, the carbon will
not be released. The Celt salt miner mentioned by the Saltzburg Chronicle story in 1666
had died about 2400 years earlier, but his body was still perfectly preserved.
This is not to say that we ought to start fighting the global warming by burying our
dead in salt mines. However, we could preserve something else in salt. With salt, any kind
of biomass can be preserved practically for ever. If even the kind of biomass – meat –
which normally does not preserve very well, can be stored for thousands of years, there is
no reason to believe that plant biomass could not be stored in the same way.
Perhaps the most convenient way to do this might be to grow single-celled algae in a
mixture of seawater and urban waste-water, and then store the algal growth in the salt
which remains when the sea water evaporates. This would be a very cheap way to
sequester huge quantities of carbon from the atmosphere. Actually, the costs could even be
negative. The method could save a lot of money for governments and municipalities, if it
would replace modern waste-water treatment facilities which are very, very expensive to
construct and maintain. It is also possible to produce biodiesel from the single-celled
algae, in which case only the remnants would be buried and stored in salt. According to
experiments which were conducted in the USA in the 1970’s it is possible to annually
produce 70-200 tons of biodiesel per hectare of fertilized algal ponds. At that time the
price of the algal biodiesel was still a little bit too high for the production to be economical,
but the present oil prices are higher. Moreover, if the algal biodiesel production replaces
an expensive wastewater treatment facility, part of the savings could be used to subsidize
the biodiesel production. The most important cost in the USA was the construction of the
ponds. High land prices also burdened the calculations. In the Southern countries sea
water ponds could be constructed with a much cheaper price in desert areas were land is
cheap. Labour cost in the South is also considerably lower than in the North.\

Recommendation:
Highly recommended. Seawater ponds could sequester 100-200 tons of carbon per
hectare per year in a way that would save a lot of money for governments, municipalities
and individual households.
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Sheehan, J. et al: A Look Back at the U.S. Department of Energy’s Aquatic Species
Programme: Biodiesel from Algae, National Renewable Energy Laboratory, July, 1998;
Bassam, N. El: Energy Plant Species, James & James Science Publishers, London, 1998;
Kurlansky, Mark: Salt, a World History, Vintage Books, 2002;
Briggs, Michael: Widescale Biodiesel production from Algae,
www.americanenergyindependence.com/biodiesel.

9. Storing Carbon in Peatlands
The world's peatlands have been estimated to contain between 500 and 1000 billion
tons of carbon, which is probably more than the amount of carbon stored in the world's
remaining oil reserves. The untouched peatlands are still absorbing 50-70 million tons of
carbon from the atmosphere every year. But the overall amount of carbon stored in the
peatlands has been greatly reduced, over the centuries, because of the draining of the
peatlands for agriculture, forestry and peat production.
The greatest emissions come from Indonesia, where gigantic peat fires may have
released more than two billion tons of carbon into the atmosphere during the worst years.
The direct impact of the energy use of peat has this far been very small. Only about 15
million tons of carbon emissions per year are produced by burning peat in the thermal
power plants. However, if the energy consumption of peat increases, the number of serious
peat fires will also increase because in practise the peatland has to be dried before peat
can be extracted.
In Indonesia there are approximately 100,000 coal seams which have caught fire and
keep on burning underground in an uncontrollable way. They probably produce much
more carbon dioxide than the use of fossil fuels in Indonesia, but they also lit numerous
forest and peat fires. This is why many, if not most, of the peat and forest fires in Indonesia
erupt almost as if they would have ignited spontaneously, without a visible, easily
identifiable cause. Whenever a peatland area is dried, there is a risk that some corner of it
will catch fire from the underground coal fires. It would be important to maintain the
Indonesian peatlands in a very wet condition because otherwise much of their carbon
content can quickly be released into the atmosphere.
However, it is also possible to increase the amount of carbon stored in the world's
peatlands. In the northern areas there are innumerable places where it would be possible to
raise the surface of the peatlands, little by little, with the same speed as the sphagnum
mosses can grow, by constructing small dams in strategic places. When the surface of the
peatland has been rised by two metres, about 1,000 tons of carbon has been stored on each
hectare.
Recommendation:
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This may be a real possibility but such programmes ought to be implemented very
carefully and no large projects should be initiated before a number of small-scale pilot
trials lasting at least for a few years have been carried out. If the dams make the peatlands
too wet there is a danger of increased methane emissions.

10. Storing Carbon in the Soil
The world’s soils contain perhaps 2,000 billion tons of carbon.It is possible to
influence the size of this sub-surface carbon store on all kinds of lands.
In farmland deep ploughing tends to reduce the carbon content of the soil. The more
often the soil is ploughed, the more important the effect becomes. Especially, fields which
have been cleared on peatlands can be significant sources of carbon dioxide emissions. In
Europe a single hectare of former peatland can produce several tons of carbon per year, in
the tropics the figure can amount to 30 tons per hectare per year. On the other hand, if the
soil is not ploughed, its carbon content tends to increase with cultivation. According to
some studies minimum-tillage or no-tillage cultivation methods can actually absorb half a
ton or one ton of carbon per hectare per year. Natural grasslands dominated by strong,
perennial grasses often produce deep black soils known as mollisols. It seems to be
possible to transform even a normal field growing annual crops to a kind of artificial
mollisol. The effect is probably still more significant when strong perennial grasses like
switchgrass are grown.
The carbon content of the forest soils can also be manipulated by land-use practises.
Old-growth forests tend to have very large organic carbon stores in the coarse and small
litter, humus layer and topsoil. In younger forests the carbon content is much smaller.
Clear-cutting reduces the carbon store in the forest soil because the soil becomes exposed
to direct sunlight. Warmer temperatures accelerate the decomposition of litter and humus,
while there are no longer trees producing new litter. Ploughing the forest soil should have
a very strong carbon-store-diminishing impact on the forest soil. However, there is very
little research data about these issues.
The only precise long-term study concerning the carbon store in a forest soil, of
which I have ever heard of, has been carried out in Broadbalk and Geescroft conservation
forests in Britain, by the Rothamstead Research Center. The initial soil carbon content in
these areas was 37 and 26 tons per hectare to a depth of 23 centimetres in the years 1881
and 1883, when the research was initiated. Following natural woodland regeneration, this
rose to 81 and 82 tons per hectare in 1985, an average accumulation of 0.5 tons of organic
carbon per hectare per year. The above-ground biomass grew even more, by 123 and 81
tons per hectare.
Recommendation:
No-tillage or minimum-tillage farming might play a role in removing carbon from the
air. Even better results could be achieved by creating artificial mollisols by cultivating
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strong perennial grasses for energy or paper production or for animal feed. In the long run
it might even be a good idea to do some selective breeding on promising perennial grass
species and to develop them as new food plants which might partially replace the presently
cultivated, annual food grains. From the viewpoint of carbon sequestration the best option
might be to develop land-use systems in a sense resembling the West African parklands, in
which pastures and fields are dotted with useful trees, including baobabs. The problem
with these possibilities is that intensive warming or forest fires might lead to a situation in
which a substantial part of these new carbon stores would be released back into the
atmosphere. Therefore it would probably be better to concentrate more on the other, safer
options.

Recommended Reading:


Information on Broadbalk and Geescroft is based on a letter published in New Scientist 16
November, 2002 by David Powlson, Pete Falloon and Kevin Coleman of the Agriculture
and Environment Division, Biotechnology and Biological Sciences Research Council (of
Britain).

11. Storing Carbon in Charcoal – the Terra Preta System
Everybody knows that it is impossible to cultivate the tropical rainforests in a
sustainable way. All the nutrients are tied in the vegetation. If the trees are removed and
the land is cleared for farming or pasture, the rain will soon wash the nutrients into the
deeper soil layers where the roots of the plants can no longer reach them.
This has been the generally accepted wisdom endlessly repeated in innumerable
authoritative books and articles. However, there is a problem with this view. For example
in the Amazons, there are large areas which were successfully cultivated by the PreColumbian peoples for hundreds if not thousands of years. The milpas of the mayas in the
Central American rainforests also maintained their fertility for prolonged periods of time.
All this has been amply documented, and the facts go against the conventional wisdom.
In the Amazons there are patches of deep, dark, fertile soils which can contain up to
two metres of soil rich in nutrients, humus and organic carbon. They are artificial
creations known as terra preta do Indio, the black soils of the Indians, or as the Amazonian
dark soils. According to Brazilian, German, Japanese and US scientists who have studied
the terra preta soils the Amazonian people used to mix charcoal and all kind of waste
matter into the soil. The nutrients stuck to the small charcoal particles and were not
washed away or pushed into the deeper soil layers by the heavy rains. This resulted in
enriched bacterial and fungal growth in the soil and into a gradual accumulation of humus
which, in turn, increased the soil’s moisture-holding capacity.
According to the studies carried out by Wenceslau Teixeira of the Brazilian
Agricultural Research Enterprise and Bruno Glaser, Wolfgang Zech and Christoph Steiner
of the University of Bayreuth, Germany, the system is an efficient way to reduce the need
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for chemical fertilizers. In their studies the plots which received both charcoal and
fertilizer yielded nine times larger crops than the patches which were only treated with a
similar dose of fertilizer. Such a difference is phenomenal and the result only applies to
tropical rainforest conditions in which there is a lavish supply of rainwater and sufficient
amounts of sunlight, and where the lack of nutrients is the main factor inhibiting the growth
of the crops. But it also means that the farmers cultivating other kinds of tropical or
temperate soils might be able to get a normal crop with nine times less fertilizer if they
would also add some charcoal into their fields. This is a highly significant finding, because
the production of chemical fertilizers consumes a lot of energy and produces large carbon
dioxide emissions. Besides this, nitrogen fertilizers are responsible for 80 per cent of the
anthropogenic nitrous oxide emissions. Nitrous oxide is one of the five most important
greenhouse gases and it is now also the most important threat to our protective ozone layer.
The terra preta fields gradually accumulate a very large store of organic carbon.
According to the studies conducted by Bruno Glaser, the first metre of an Amazonian terra
preta patch typically contains from 16 to 120 tons of black carbon (charcoal) per hectare.
The total carbon store is still larger, because the humus also contains a lot of carbon.
According to one estimate the first metre of terra preta might altogether contain about 250
tons of carbon on one hectare.
Many aspects of terra preta cultivation are still poorly understood, but it seems that
the system can easily absorb at least 500 tons per hectare in the soil, on a long run
probably even more than this. Only a fraction of the carbon needs to be charcoal. It could
be assumed that the finer the pieces of the charcoal, the less charcoal is needed to prevent
the nutrients from escaping. When the average diameter of the particles is reduced by a
factor of ten, the combined surface area of all the particles becomes ten times larger.
All these reductions in greenhouse gas emissions and the sequestration of carbon
would most probably come with significant negative costs. A small amount of charcoal
costs much less than a heavy dose of fertilizer. Thus, terra preta cultivation can save the
planet in a way that also saves a lot of money, first for the farmers and a little bit later –
when the lower production costs will be reflected into lower food prices – also for the other
consumers. The method should also help in the efforts to reduce the nutrient load and other
kinds of pollution entering the lakes, rivers and seas. It might be useful in both small- and
large-scale wastewater treatment. It could be one way of transforming the various kinds of
waste-water treatment facilities to new carbon sinks. It might even be an important means
to improve the quality of water produced by different types of dug-wells and tube-wells.
Charcoal could be buried in the soil near the wells so that it would sieve the various
pathogens and pollutants off the drinking water.
Charcoal is not bio-degradable so it will stay in the soil almost for ever. Also the
carbon store of humus seems to be rather permanent in the terra preta soils, because some
of the patches of deep dark soils in Amazonas seem to be very old. The Earth produces,
every year, hundreds of billions of tons of organic biomass – for example hay, grass,
leaves, needles, wood, cones, nut-shells and single-celled algae – some of which could be
converted to charcoal. Anything biological can be used as a raw material of charcoal,
48

wood is only one possibility. For instance in India it has been estimated that between 80
and 250 million tons of biomass is annually just burned on the fields. The global estimate
for annual biomass burning is at least 7,000 million tons, much of which is just wasted.
Why not burn part of this in a less complete way, so that it becomes fine-grained charcoal
that can be added to the soil?
Recommendation:
Very strongly recommended. This might be the safest and cheapest way of taking the
extra carbon dioxide out from the atmosphere. The swarm of potential fringe benefits is
stunning.

Recommended Reading




Glaser, Bruno: Amazonian Dark Earths: Exploration in Space and Time, WI Woods, 2004;
Lehmann, J. et al (eds): Amazonian Dark Earths: Origin, Properties, Management, Kluwer
Academic Publishers, 2003;
Mann, Charles C.: 1491, The Americas Before Columbus, Granta Books, 2005.

12. Regenerating the Mangrove Forests
The world still has about 24 million hectares of mangrove forests, but there used to
be much more of them. According to one estimate, Africa has lost at least 55 per cent and
Asia at least 58 per cent of its mangroves. Many of the existing mangroves are seriously
threatened. Mangroves are cut for charcoal and cleared for prawn farming. This has had
devastating consequences for the fish catches because many commercially valuable fish
species spend one or more periods of their life cycles in the mangrove forests and are thus
totally dependent on them.
In Thailand it has been estimated that the clearing of 100,000 hectares of mangrove
forests for prawn farming has caused the loss of 800,000 tons of fish. Mangroves also form
very efficient and cheap natural breakers against hurricanes, typhoons and tsunamis. Even
more important is the fact that mangrove forests are very, very efficient carbon sinks. The
remaining mangroves may annually remove around 300 million tons of carbon from the
atmosphere and strore it on vast mud flats which may finally become some kind of coastal
swamps. According to one estimate each hectare of mangrove forests removes, every day,
about 110 kilograms of carbon from the atmosphere, roughly one third of which becomes
permanently stored in the mud. If this estimate is correct, the regeneration of the perhaps
30 million hectares of mangrove forests which once existed but which have since been
destroyed might annually absorb something like 400 million tons of carbon out from the
atmosphere. Together with the already existing mangrove forests their carbon absorption
capacity might be somewhere around 700 million tons of carbon per year. If a mangrove
forest is cleared, some of the carbon which has been stored by it will be released into the
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atmosphere so that the swamp is transformed from a carbon sink to a new source of carbon
dioxide emissions.
The dominant plant species in many natural mangrove forests of Asia is a strange,
ancient palm species: the nipa palm (Nypa fruticans). The nipa palm is a very productive
bio-fuel species. It can annually yield 11,000 litres of alcohol per hectare, twice as much
as sugar cane. Its cultivation in natural or regenerated mangrove swamps is possible
without changing the habitat in any major way. Cultivation is easy because nipa grows like
a weed and because it does not require chemical fertilizers. Practically no nutrients are lost
with the sap and a mangrove swamp is anyway richly fertilized by sea water. Thus a
hectare of regenerated mangrove forest could both annually sequester 11 tons of carbon
and produce 11 tons of fuel alcohol, which would prevent 7 tons of new fossil fuel carbon
emissions.
Recommendation:
Whole-heartedly and strongly recommended. This would be a very cost-effective way
to produce bio-fuels, sequester huge amounts of carbon, increase the fish stocks, preserve
marine biodiversity, protect many endangered birds, turtles and reptiles, reduce the silt
loads threatening coral reefs and provide protection against tsunamis, hurricanes and
typhoons; everything in the same packet which comes with a very low cost. Absolutely one
of the best deals available, at the moment.

Recommended Reading


See Isomäki and Gandhi, ibid; or National Geographic No 2, 2007.

13. Creating Artificial Coral Reefs
The growth of coral reefs has removed huge quantities of carbon from the
atmosphere and stored it safely. However, the coral polyp communities cannot grow in
deeper waters. Why couldn't we construct, in a little bit deeper water, platforms that would
be shallow enough for the corals to grow on them? Such artificial coral reefs could absorb
large quantities of carbon from the atmosphere.
Recommendation:
This is certainly technically possible. However, it is difficult to calculate how much it
would cost to sequester one ton of carbon by this method. Before such calculations exist, it
is difficult to say anything about the economic feasibility of the idea.

14. Greening the Oceans
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The US ocean scientist John Martin calculated in the 1980’s, that a typical plankter
uses at most 1 atom of iron for every 10,000 atoms of carbon, 1,500 atoms of nitrogen and
100 atoms of phosphorus it assembles into proteins. Martin claimed, that because even
small particles containing iron tend to sink quickly, iron probably is the factor limiting the
growth of marine plankton. Martin proposed, that it should therefore be possible to absorb
large quantities of carbon dioxide from the atmosphere just by fertilizing the oceans with
iron.
Martin died in 1993 but later experiments conducted by his successors Moss Landing,
Kenneth Coale, Kenneth Johnson and others seemed to prove that the idea might actually
work. In one experiment half a ton of iron increased the amount of plankton so much, that
about 3,000 tons of carbon was removed from the atmosphere. Besides this the amount of
DMS (dimethyl sulphide) produced by the plankton more than tripled. This was also
important, because DMS particles are highly reflective and also act as cloud condensation
nuclei.
Recommendation:
The idea probably works, even though it is still uncertain how much carbon could be
removed from the ocean, this way. We do not know how much of the carbon falling down
as "marine snow" (dead plankton) will be permanently stored safely away from the
atmosphere. Further trials should be conducted before any large-scale programmes are
implemented. It is possible that iron fertilization would also increase the amount of fish
and squid in the oceans, besides plankton. This would be an important extra bonus. The
cheapest way to distribute the iron might be to produce pellets consisting of fine-graded
iron dust and something organic which would float for a couple of months or years, and to
release the pellets in the ocean currents. Thus the conveyor belt and its innumerable subgyres would take care of the heavy distribution work.

Recommended Reading



Martin, John H. and Fitzwater, Steve E. (1990): Iron Deficiency Limits Phytoplankton
Growth in Antarctic Waters, Global Biogeochemical Cycles vol 4, pp 5-12;
Kunzig, Robert (2000): Mapping the Deep, Sort of Books, London.

15. Greening the Deserts
In 1991 the German professor Ludwig Elsbett, the inventor of the turbo-Diesel and
the Elsbett engine, and two of his sons, Klaus and Gunther Elsbett, proposed an innovative
new solution to the problem of the global warming and to the world’s water and energy
problems. The Elsbetts suggested that sea water could be sprayed into the air with large
sprinklers powered with vegetable oil. If the droplets would have the average size of 30
microns, the total amount of water surfaces in an area could be increased by a factor of
200,000, which would greatly increase the evaporation of water. In 2002 the Scottish
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engineer Stephen Salter revived the idea and developed it further. Salter proposed the use
of vertical-axis windmills known as Darrieus rotors, installed on floating platforms.
If the sprinklers would be situated near the sea in a place where the coast is fringed
with mountains, perhaps 90 per cent of the water sprayed into the air would evaporate.
The salt in the sea water would be captured inside the droplets consisting of the remaining
10 per cent of the water. The heavy, salty water would fall on the slopes of the mountains,
which would soon be covered with a thick layer of salt.
The salt could then be collected and utilised for different purposes. A small part of it
could be used as a food salt for humans and animals: the sea salt does not raise the blood
pressure quite as much as the ordinary table salt partly because it is a more complex
mixture of different salts but basically because it has a stronger flavour and is therefore
used in smaller quantities in food. The magnesium chloride could be used in melting the
ice from the roads in the northern areas, which would make the car-owners happy because
it is much less corrosive than the present road salts. Some of the magnesium chloride could
produce cheaper magnesium, which would make the cars lighter because magnesium is
eight times stronger than steel on a weight-by-weight basis. The potassium chloride could
be utilised as fertilizer.
But these are only the fringe benefits. The most important thing is that the 90 per
cent of the sea water which would be evaporated by the sprinklers would fall down as dew
or rain on the other side of the mountains. The price for each extra freshwater tonne
produced this way would be thousands of times lower than the cost of freshwater from
desalinating plants, but it would not be possible to control exactly where the water would
fall down as rain.
In any case the Elsbetts said that the method would enable the cultivation of
vegetable oil and other bio-fuels in the world’s deserts, where nothing grows at the
moment. This way it would be possible to replace the fossil fuels with bio-fuels without any
competition with the food production. At the same time massive amounts of carbon could
be sequestered from the atmosphere in trees and other plants grown in the desert, and in
the desert soils which currently contain almost no humus. Because there are about six
billion hectares of hyper-arid, arid and semi-arid lands, the theoretical potential of the
approach is immense.
Recommendation:
These important ideas should be investigated further. The proposals by the Elsbetts
and by Professor Salter are brilliant and inspiring, and may constitute the best way to solve
the world's freshwater crises, which is a great threat for billions of people. Similar
sprinklers might also be an efficient way to fight forest and peat fires. Peat fires are
especially difficult to put down, but a large fire causes a strong upward draught of warm
air. This, in turn, creates winds that blow towards the center of the fire. Water sprayed
into the air in the form of fine mist in the areas surrounding the fire would be carried
towards the fire by these winds. However, it may not be a good idea to install rain52

producing sprinklers on floating platforms near the coastal areas because this would
increase the salt content of the surface waters so much that they would finally sink down,
through colder water. Such formation of deep, warm water can be dangerous because it
can destabilize coastal methane hydrate deposits and thus cause both Tsunamis and large
offshore methane emissions. The greening of Sahara would have a very complex climatic
impact. A lot of carbon would be absorbed but the reflectivity of the area might be
reduced, in spite of the much increased cloud cover over the desert. A better and more
detailed assessment of the overall impact would be very useful.

Recommended Reading




Elsbett, Ludwig, Elsbett, Gunther and Elsbett, Klaus: Änderung des klimatischen
Geschehens mit technishen Mitteln, Deutsches Patentamt, DE 41 08 615 A 1, Anmeldetag:
17.3.1991
Salter, Stephen: Spray Turbines to Increase Rain by Enhanced Evaporation from the Sea, a
paper presented for the tenth Congress of International Maritime Association of the
Mediterranean, Crete, May, 2002.

16. Storing Carbon in Clay
(“The Cat Litter Method”)
If we take a look at the long history of our planet and at the various mechanisms
which have removed carbon from the atmosphere, one of the most significant of these
mechanisms has been the formation of clay, meaning soil, which consists of very small and
fine particles. Clay can preserve all kinds of organic matter in a little bit similar way as
cat litter!
Recommendation:
I am at a loss about what to say about this one. I am terribly allergic to cats, so I do
not really want to promote cat litter as the main solution to the world’s carbon dioxide
problem. But it might be worth experimenting with clay and different types of biomass,
including poisonous algal blooms.

17. Storing Carbon in Ice
One possibility to preserve all kinds of biomass, from wood and tree leaves to straw
and single-celled algae, is to freeze it. Frozen biomass cannot decompose before it melts!
In the northern areas it would be technically simple to produce artificial permafrost, ice
containing a lot of organic carbon. The carbon content of permafrost is typically rather
low, only a few per cent, but we could easily make ice blocks 10 per cent of which would be
water (ice) and 90 per cent of which would consist of biomass. Anything biological can be
stored like this, for thousands and thousands of years!
Recommendation:
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The main danger with this method is that the biomass starts to decompose if the ice
melts. On the other hand the man-made ice blocks storing the carbon could also act as
cheap mirrors reflecting a lot of sun-light directly back to space. Moreover, when storing
carbon in ice we are not much restricted by the lack of space, because we can easily
produce artificial ice domes with the height of a few hundred metres or more. If we would,
as a thought experiment, liquefy all the gases in the atmosphere, we would get a lake
covering the whole planet, but with an average depth of only ten metres. Of this ten metres
only 3 millimetres would be liquid carbon dioxide. The extra 200 billion tons of carbon
which has, this far, accumulated in the atmosphere only amounts to 400 grams for each
square metre. If we would make an artificial ice sheet two kilometres high, and store 200
kilograms of carbon inside each cubic metre of ice, we would have stored 400 tons of
carbon on each square metre, a million times more than the average amount we now need
to sequester.

* * *
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HALTING THE ALBEDO CHANGES
The declining reflectivity of the Earth may actually, already now, be a more
important problem than the accumulation of greenhouse gases into the atmosphere. The
presently observable albedo changes have been at least partially initiated by increased
levels of greenhouse gases in the atmosphere. Therefore it might still be possible to reverse
the various melting processes simply by reducing the amount of carbon dioxide in the
atmosphere, but this is no longer certain. It may be that the albedo changes have already
proceeded so far that the melting processes have become a kind of vicious circle that is
feeding itself. If this is true we also have to increase, artificially, the Earth’s albedo,
besides absorbing carbon dioxide from the atmosphere and reducing our black aerosol and
greenhouse gas emissions.
Every square metre of the Earth receives, as an average which takes into account
nights and winters, 240 watts of solar radiation. The difference between a square metre
with a 90 per cent reflectivity (like snow) and a 10 per cent reflectivity (like water or forest)
is, therefore, about 190 watts. The present energy imbalance caused by greenhouse gases
is approximately 1 watt per square metre. So in theory we could compensate for the
greenhouse warming by increasing the reflectivity on 0.5 per cent of the planet’s surface
from 10 per cent to 90 per cent. This would mean about 2.5 million square kilometres, or
roughly a square of land 20 metres in diameter for every person of the planet. Covering a
20 x 20 metre-patch of land for example with highly reflecting chalk or quartz stones or
white bark, or making a slightly larger ice reflector with a garden hose when the
temperatures are below zero, would not require a very major effort, if all the people on the
planet would participate.
However, changing the albedo of a planet is a very, very dangerous business. There
are at least two major dangers. The other is that the accumulation of the greenhouse gases
has already cooled the upper atmosphere, the stratosphere and the thermosphere, in a
significant way. The greenhouse gases tie more heat into the lowest part of the atmosphere.
The cooling of the stratosphere is dangerous because it could wipe out the ozone layer
which protects us from the Sun’s ultraviolet radiation. The chemical reactions that destroy
the stratospheric ozone only take place in very rare conditions. There must be sunlight but
the temperature must be below 90 degrees centigrade. Because such a combination is very
rare, only a rather insignificant amount of the ozone has been destroyed, this far, and the
damage has been limited near the polar regions.
Many of the proposals related to changing the Earth’s albedo have involved putting
something reflective either into the stratosphere or above it – into near-Earth orbits or
further to space. All these proposals, all the schemes which propose reflecting a
percentage of the sun’s rays back before they have gone through the stratosphere and
penetrated the troposphere, should lead to the further cooling of the stratosphere and
would probably create ozone-destroying conditions even outside the polar regions.
Moreover, they would not do anything to halt the stratospheric cooling that is caused by the
increasing concentrations of greenhouse gases in the lower atmosphere.
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Thus the stratosphere would, in a way, cool from both sides. This would probably
wipe out much of the stratospheric ozone, perhaps all of it, in a relatively short period of
time. A complete destruction of the ozone shield would lead to a roughly 30-fold increase
in the ultraviolet radiation at the surface level. Some of us might survive such a scenario,
but 30 times stronger ultraviolet light would be very dangerous for the eyes of everybody
and for the skins of Caucasian and East Eurasian people. It would also destroy most of our
food crops.
In other words,, if we need to change the albedo of the planet, this should be done
below the stratosphere, not in the stratosphere, not above the stratosphere. Even belowthe-stratosphere increases in albedo should lead to some further cooling of the upper
atmosphere, but the impact should be less devastating.
Another important point is that if and when we do something for the planet’s albedo,
this has to be done so that rapid corrective moves into the opposite direction are also
possible. Let’s assume that most of the floating ices of the polar regions melt, the winters
in the northern areas are much shortened and the surface melting of the ice sheets leaves a
lot of dust and soot particles and dead algae on top of the glaciers, making them less
reflective than before. Imagine, that at the same time there are large eruptions of methane
from the permafrost areas and offshore methane hydrates. Also suppose, that the changes
in reflectivity and the accumulation of greenhouse gases into the atmosphere create an
energy imbalance of 18 watts per square metre, eighteen times more than the present 1
watt, three times more than the energy imbalance (approximately 6 watts) which prevailed
at the height of the the last Ice Age.
What if, in our hypothetical scenario, the governments panic and start ejecting highly
reflecting substances to near-Earth orbits, like Edward Teller has proposed. In order to
work, the programme would have to use so much highly reflecting stuff that the average
solar radiation was reduced by 18 watts per square metre. There is no reason to think that
the effort would not succeed, because the physics of the scheme is, actually, very simple. So
the overheating of the planet would stop, the melting of the continental ice sheets would
halt, the permafrost regions would freeze again, the Arctic sea would regain its floating ice
cover. So, this far everything would be just fine. The vicious heating cycle would have
been halted and reversed.
However, at some point, perhaps within a single winter, the length of the winter in
the northern areas and the area covered by the floating ices becomes equivalent to what the
situation was in the mid 20th century. But the reflective substances, innumerable
quintillions of small reflective particles, are still in the near-Earth orbits. It will take
decades or centuries before they have all fallen down. They keep on reducing the Sun’s
radiation by 18 watts per square metre and there is no way of collecting them back.
The feedback loops do not stop at what we considered as the baseline but continue
beyond that. Larger and larger areas are covered by snow and ice. Snow and ice reflect
more sunlight and cool the planet. When the planet cools the snow line extends further to
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the south and to the north from the polar regions. The result is a new ice age. It could
perhaps be even something worse than a normal ice age.
In the 1960s, the Soviet climate scientist and modeller M.I. Budyko noticed an
interesting feature in his models. In the models ice cover which spread too far from the
poles triggered a runaway reaction. At some point the ice started to reflect so much
sunlight that the feedback loop became unstoppable and the whole planet, the oceans and
the continents, froze over, within a few decades. We now know that the Earth has
experienced, on several occasions, this kind of Snowball Earth ice ages. The interference
with the planet’s albedo in a way that cannot be quickly reversed might actually result in a
similar situation, or at least in a Slushball Earth.
Everyone who has lived at least part of her life in the northern areas knows that it is
much easier to initiate a cooling feedback loop than a heating feedback loop. This is
because of the combination of two important characteristics of snow and ice. First, snow
and ice are extremely efficient reflectors. Second, the melting of ice consumes a large
amount of energy. This combination can be devastating. In the autumn only ten
centimetres of snow brought by a storm coming from the North can make the winter come
two months before the normal schedule. On the other hand in spring each square kilometre
of land receives about 1,000 megawatts of solar radiation during the midday, which is
equivalent to the power producing capacity of a large nuclear power plant. But it can still
take weeks or months before the snow cover is affected even in a small way. Only when the
temperatures rise so much that the reflectivity of the snow is reduced, the snow begins to
melt, and then it goes quickly.
The most important thing is that we should only fight the albedo changes, and not the
greenhouse gases, with albedo changes. It would be very dangerous to keep on increasing
the tropospheric greenhouse gas concentrations and to just counter this by increasing the
planet’s reflectivity, because even this might be a sufficient recipe for cooling the
stratosphere and for destroying the ozone layer.

18. Making Clouds Whiter
The British scientist Sean Twomey showed in the late 1970’s that the reflectivity of a
cloud is influenced by the average size of cloud droplets. Most clouds consist of minuscule
amounts of water which have condensed on even tinier particles floating in the air, on the
so called cloud condensation nuclei. If the water in the cloud is divided between a very
large number of very small cloud droplets, the cloud is whiter and reflects sunlight better
than if the average size of the cloud droplets is larger and there is a lesser number of them.
It has been estimated that in the clouds over the oceans the average size of the cloud
droplets is 25 microns, while the average over land is only 7 microns. This means that the
clouds over the continents are, on average, more reflective than the clouds over the oceans.
John Latham, a researcher at the National Centre for Atmospheric Research in Boulder,
Colorado (USA) proposed in 1990 that the Twomey effect could perhaps be utilized in the
efforts to prevent disastrous global warming. Latham said that it might be possible to make
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certain types of clouds more reflective simply by adding more cloud condensation nuclei
into them, so that the water would be divided between a larger number of cloud
condensation nuclei and that a larger number of cloud droplets would be formed.
In 2006 Latham and the Scottish engineer Stephen Salter, the inventor of the first
modern wave power station, developed the idea further and proposed that the albedo of the
marine stratocumulus clouds could be increased by special ships that would use so called
Flettner rotors to spray sea water into the air in the form of very small, 0.8-1.0 micronwide droplets. According to Salter and Latham there are, on average, relatively few cloud
condensation nuclei over the oceans. The salt water droplets would act as cloud
condensation nuclei, making the marine clouds whiter and more reflective.
Recommendation:
The idea may have some real potential but the possible risks are not well understood.
Also, the concrete proposals related to the idea have been overly optimistic. Clouds have a
strong cooling impact during the daytime but they also have a massive warming impact
during the night. Calculations should take both the cooling and warming impacts, which
often almost cancel each other, into the consideration. Also, the amount of cloud
condensation nuclei that would be required is probably much larger than Latham and
Salter have suggested, and it might be prohibitively expensive to transport or eject the
nuclei into the strategic cloudtop heights. If sea water is sprayed into the air as 0.8 micron
droplets it will evaporate immediately and thus only small salt remnants and water vapour
will be produced. Most of the salt would probably just drop back to the sea. A further
problem is that we do not really know why the cloud droplets over the seas are, on an
average, larger than the cloud droplets above the continents. It may be that this is because
the cloud condensation nuclei over the land are more numerous, or it may be because there
are more giant cloud condensation nuclei (salt particles) in the air above the oceans.
Large salt particles are superbly efficient cloud condensation nuclei so it may be that they
just capture moisture so efficiently that they leave less of it for the smaller nuclei. If this is
the case, adding more nuclei into the clouds does not really change things in a significant
way. When a 0.8-micron droplet evaporates, the remaining salt particle is a very small
cloud condensation nucleus, a so called Aitken nucleus. Aitken nuclei are cloud
condensation nuclei less than 0.4 microns in diameter, and in many clouds there are a
hundred times more Aitken nuclei than cloud droplets because the larger nuclei have taken
all the available water vapour.

Recommended Reading




Latham, John (1990): Control of global warming?, Nature, vol 347 pp 339-340;
Salter, Stephen H. and Latham, John (2006): The Reversal of global Warming by the
Increase of the Albedo of Marine Stratocumulus Cloud (available online);
Twomey, Sean (1977): The influence of pollution on the shortwave Albedo of clouds,
Journal of Atmospheric Sciences, vol 34, pp 1149-1152.

58

19. Reflecting Substances in Low-Earth Orbits
The Hungarian-American physicist Edward Teller, the original “Dr Strangelove”,
the person who discovered the key principle of the hydrogen bomb together with the Polish
scientist Stanislaw Ulam, has commented that the cheapest and easiest way to halt global
warming is to release highly reflecting particles into near-Earth orbits. According to Teller
and two other US scientists, Lowell Wood and Roderick Hyde, suitable materials include
small metal plates, organic dyes, tiny helium-filled silver balloons and potassium-filled
buckyballs. Tiny particles on low orbits would reflect a lot of sunlight back to space so that
it would not reach the Earth. Teller, Wood and Hyde say that only relatively small amounts
of such substances would be needed in order to counter the warming caused by the
greenhouse gases.
Recommendation:
If we eject quadrillions of small, reflecting particles in near-Earth orbits, we cannot
collect them back before they fall down on Earth by themselves, which might take anything
from a few decades to several millennia, depending on the nature of the orbit. Besides, the
method would almost certainly destroy the stratospheric ozone layer. I would say that
hydrogen bombs are not the most dangerous idea invented by Mr Teller, the implemention
of this scheme would probably kill many more people than what might have perished in an
unlimited nuclear war between the Soviet Union and the USA at the height of the cold war
tensions and nuclear armament race.

Recommended Reading



About the proposal of Edward Teller and his friends see Jones, Nicola: Sunblock, New
Scientist 23 September, 2000.
About increased ultraviolet light see for example Lane, Nick (2002): Oxygen, The
Molecule that made the world, Oxford University Press.

20. Sulphur in the Stratosphere
A variation of Teller’s idea is to scatter an enormous amount of sulphur particles into
the atmosphere. The theoretical basis of the idea was developed in the 1970’s by the
Russian climate scientist Mihail Budyko in St Petersburg, then known as Leningrad. More
recently it has been cautiously supported by Paul Crutzen, one of the world’s leading
researchers of atmospheric chemistry. Crutzen has become very worried about the
possibility that a much larger part of the global warming than previously thought has been
hidden by the cooling impact of atmospheric aerosol pollution.
We know that the idea would work because the sulphur ejected into the atmosphere
by volcanic eruptions produces a temporary cooling effect on the climate. Also, the sulphur
droplets and other aerosol emissions produced by humanity are already cooling the planet
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by at least 0.2 degree Celsius but possibly by 3 degrees Celsius and thus eliminating a part,
if not most of the global warming currently caused by the greenhouse gases, reflectivity
changes and black aerosols. Paul Crutzen says that if something like this is done, the
sulphur particles should be ejected into the atmosphere at the height of 12-16 kilometres so
that they would drop down relatively quickly, which might minimize the damage for the
ozone layer. Higher in the atmosphere sulphur would destroy ozone, and it would take
years before the particles had come down, so it would not be possible to reverse the impact,
quickly.
Recommendation: Not recommended.
It would definitely be possible to halt the global warming this way, but a lot of
sulphur would be needed, probably several times more than what the humanity is currently
emitting into the atmosphere. The resulting air pollution from this billion or so tons of
sulphur (per year) and the heavy metals dissolved into people's drinking water would
probably cause several million, possibly even tens of millions of premature human deaths,
annually. Sulphur would also damage forests and food crops even if it would be spread
into the atmosphere at heights carefully chosen to minimize the formation of acid rain.
According to recent research, rainfall would also be much reduced.

Recommended Reading


Crutzen, P. (2006): Albedo enhancement by stratospheric sulphur injections: a contribution
to resolve a policy dilemma, Climatic Change, vol 77, pp 211-219.

21. Moon Dust in the Space
Curtis Struck of the Iowa State University in Ames, USA, has proposed that the Earth
could be kept cool with Moon dust. Two vast, permanent clouds of lunar dust particles
could be ejected into the space so that they would pass in front of the sun once a month,
blocking sunlight for about 20 hours twelve times in a year.

Recommendation: Not recommended.
It is obvious that the Earth could be chilled, this way, because approximately one half
of the regolith, the loose sediments covering the Moon’s surface, consist of very small and
fine particles less than 100 microns in diameter. Moreover, because of the continuous
micro-meteorite bombardment a large percentage of the regolith dust particles have an
alumina or silica glass coating, which makes them highly reflective. Thus only a relatively
small amount of Moon dust would be required to create a protecting shadow over the
Earth. However, there would be no easy ways of cleaning the dust particles from the space,
they would simply be too many and they would be in a very difficult place. And when
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reflective substances are put in space, we create a situation in which the stratosphere will
be cooling from both sides.

Recommended Reading


Curtis Struck’s original paper was published in the Journal of the British Interplanetary
Society, vol 60, pp 1, 2007.

22. A Giant Reflector in Space
James Early of the Lawrence Livermore National Laboratory of the USA proposed, in
1989, that global warming could be halted by installing a 2000-kilometre-wide solar shield
in orbit around 1.5 million kilometres from the Earth. This giant reflector could be placed
in a Lagrange point where the gravitational fields of the Earth and the Sun cancel each
other out. In other words, the reflector could remain in the same place, and it could be
used to reduce the amount of sunlight falling on Earth by two per cent or so. According to
Early the project would only cost 1,000 or 10,000 billion dollars.
Recommendation: Not recommended.
The scheme would reflect sunlight back above the stratosphere. Also, the technologies
required for this solution do not exist and the final price level might be one or two full
orders of magnitude higher than the above mentioned figure.

Recommended Reading


See Jones, Nicola, ibid.

23. Fifty Thousand Smaller Reflectors in Space
Other scientists have proposed that it might be easier and cheaper to install 50,000
smaller mirrors on near-Earth orbits instead of only one gigantic reflector. According to
one calculation this would only cost USD 120 billion.
Recommendation: Not recommended.
The price estimate is ridiculously low. You cannot install 50,000 relatively large
mirrors on near-Earth orbits with less money than what has this far gone into one
International Space Station. Even though it is easier to remove 50,000 mirrors than
innumerable small particles from the near-Earth orbits, this would still be a big job which
could not be done even within a few decades without a vast space shuttle fleet, consisting of
several hundred vehicles. The scheme would also induce severe cooling of the stratosphere.
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Recommended Reading:


Angel, R.(2006): Feasibility of cooling the earth with a cloud of small spacecraft near the
inner Lagrange point, Proceedings of the National Academy of Sciences, vol 103, pp
17184-17189.

24. Broad-leaved Trees, Larches and Sparse Forests at High
Latitudes
Snow and ice reflect sunlight back to space very efficiently. Pure white, just fallen
snow can send up to 98 per cent of the sunlight straight back. This is an extreme case, but
snow and ice often have a reflectivity of more than 90 per cent. Trees have a much smaller
albedo, typically less than 10 per cent.
During the autumn, winter and spring when the ground is covered by snow in the
northern and high mountainous regions, sparse forests have a higher reflectivity than dense
forests. The denser the forest, the larger percentage of the Sun’s radiation hits the trees
(areas with low reflectivity) and the smaller percentage hits the snow (areas with very high
reflectivity). So it might make sense to grow a smaller number of trees per hectare on the
northern areas, 200-600 instead of the present recommendation of 2,500. This would
increase the reflectivity of the forests in a very significant way. The overall production of
wood would decrease a little bit, but the income of the forest-owners might actually
increase substantially because the remaining trees would grow much faster and a larger
percentage of the wood would be valuable timber which is often many times more valuable
than the wood that is used as a raw material for paper. For instance in Southern Lapland
the forest owner gets only 8 euros for a fast cubic metre of 16-centimetre-thick birch tree
meant for pulp production, while the best birch timber fetches 110 euros per fast cubic
metre.
Reflectivity of the northern forests can also be increased by replacing the evergreen
conifers by broad-leaved trees or larches, or by at least replacing uniform evergreen conifer
stands by mixed forests. Broad-leaved trees and larches drop their leaves/needles for the
winter, which of course increases the reflectivity of the forests. Birches, especially the
young trees, even have a white bark which reflects sunlight well because this is their way to
defend themselves against the springtime temperature differences. Birch trees have a thin
bark, so it would easily split if it would first heat in the spring sun and then cool during the
night, when the temperatures drop far below the freezing point of water. Young birches
prevent this with a shiny white, reflective bark.
Favouring broad-leaved trees would most probably increase the income of the forest
owners. I will use Finland as an example. I have established, together with my father, a line
of experimental plots related to the reflectivity of the northern forests. It stretches slightly
more than one thousand kilometres from the Southern part of the country up to Central
Lapland in North Finland. Finland is a relatively small country which covers less than 1
per cent of the northern and boreal forest zone. But since it is a long and a narrow country
on a North-South-axis, it covers most of the climatic zones where the ground is covered by
snow for a significant part of the year but where forests can still be grown.
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Finnish forestry officials, scientists and associations have had a very strong bias for
primitive, Triassic and Jurassic trees (conifers), against the modern, Cretaceous tree
families. This has been because the Finnish paper industries have been mostly interested in
the long-fibred conifers, forest spruces and forest pines. However, even in Southern
Finland the most productive trees, in terms of fast cubic metres, are aspens, poplars,
willows and birches. Spruce and pine can also produce substantial amounts of wood when
they are at their prime age, but they do not regenerate from the root system of the felled
trees (unlike aspens, poplars and willows) and unlike the broad-leaved trees they grow very
slowly during the first 5-10 years after planting. When the whole growing cycle is taken
into account, for example aspens can produce a timber crop in 15-30 years while spruce and
pine require at least 50-60 years.
In the Northern half of Finland birches and especially aspens stand even more
supreme over the conifers. When a patch of forest in Lapland produces between 5 and 10
cubic metres of wood per hectare per year, most of the trees are always either aspens or
birches. However, whenever a patch of forest in Lapland produces 5-10 fast cubic metres
of wood per annum instead of the more normal 0.1-4 cubic metres, the official
recommendation normally reads: “Unproductive forest. The existing vegetation should be
cleared and replaced with conifers.”
The Finnish paper industry wants its conifers for pulp and paper production! But
from the view point of climate change it would be better to replace the pulp conifers in the
northern commercial forests by broad-leaved trees grown for certain types of pulp and
paper, energy wood, charcoal, wood oil (pyrolysis oil), biochemicals and timber.
Some of the cellulose (pulp) production could perhaps be shifted from the North to
the tropical areas where it is possible to grow plants that contain 80 per cent cellulose and
grow faster than trees, which typically contain only about 40 per cent cellulose. This would
lessen the incentives to grow conifers in the northern areas. On the other hand, much of the
world’s sugar production might perhaps be shifted into the northern forest zone to combat
global warming.
Of the dry weight of birch wood about 12 per cent is xylose and 16 per cent is
sucrose. In other words, 300 million hectares of highly reflecting birch forests could in
theory produce at least 200,000,000 metric tons of sugar per year for the world markets
from about 1.5 billion fast cubic metres of birch wood, besides many other things. If 40 per
cent of this sugar would be xylose (xylitol), the change would be really beneficial for the
public health because 10-15 grams of xylitol per day has been shown to to prevent dental
caries, gingivitis and periodontitis, chronic oral infections which contribute to the
development of cardiovascular disease. Xylitol has also been shown to reduce respiratory
and gastric infections. It would make sense to study whether it can also reduce diarrhoeal
infections. These positive health effects are based on xylitol’s anti-adhesive impact, which
makes it more difficult for the bacteria to stick on human tissues. Such anti-adhesive
defence mechanisms against pathogenic bacteria may become very important in the future
because numerous types of bacteria are developing strains that are resistant to many
different antibiotic drugs.
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Northern forests could also grow more apple trees. Apple is the queen of northern
fruit trees. The commercial world production of apples is now about 70 million tons, about
the same as the production of grapes. Apple is one of the healthiest fruits available for
human consumption, because it contains large quantities of pectin. Pectin removes
cholesterol from the blood circulation, and in some studies eating four apples a day has
lowered the bad blood cholesterol as much as taking statins, the most effective known
cholesterol-reducing medication. Because of their high tannin content, apples can also be
used for killing diarrhoeal germs from the drinking water in areas where such diseases still
are a major problem. If apples and water are mixed together, mildly alcoholic or nonalcoholic ciders can be produced. In North America and Europe this used to be the
traditional way to save the children (and adults) from the diseases which were spread by
dirty drinking water. So why not increase the world’s production of apples 10-fold or so by
planting 100 million hectares of new apple forests in the northern regions and on high,
snowy mountain areas, to increase the reflectivity of the planet?
Recommendation: Highly recommended
This is most probably the easiest and safest way to preserve the reflectivity of the
northern high latitude areas, and to halt the melting of the permafrost areas and floating ice
masses. Moreover, it might even be economically profitable to replace the conifers with
broad-leaved trees in many northern commercial forests. More numerous field trials with
different species in different kinds of conditions are urgently needed, and can easily be
conducted even by individual forest-owners.

25. Wind-powered Ice and Snow Sprinklers
If fresh water is sprayed into the air as a fine mist when the temperature is
significantly below the freezing point of water, but less than minus 40 degrees Celsius, the
water droplets do not freeze in the air, if they are small enough. Contrary to intuition,
larger droplets freeze quickly in low temperatures, but the very small droplets release their
extra heat, become super cooled water and only freeze when they hit the ground or
something else, or when many different droplets coalesce to make a larger droplet. If sea
water containing salt is sprayed into the air or if salt or something else acting as ice
crystallization nuclei is added into the fresh water even the very small droplets are quickly
transformed to ice crystals or snow flakes.
Very small water droplets fall slowly. A water droplet with a 100 micron radius falls,
on average, 76 centimetres in one second but if the droplet has a radius of 10 microns the
speed of fall is reduced to 1 centimetre per second because the surface area and the air
resistance in relation to the weight of the droplet are much larger. In other words if we
spray 10 micron droplets into the air at the height of 100 metres when the wind is blowing
with the speed of 30 metres per second, the droplets should only hit the ground after 300
kilometres or so. Snow flakes fall with a still much slower speed because they are lighter
and tend to have a very large surface area compared to their weight.
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The above outlined calculation assumes that the small water droplets would descend
with an even and steady speed, which they would definitely not do in conditions of a heavy
wind. The stronger the wind, the more turbulence there is in the air flow. Even in
relatively light wind, snow flakes and ice crystals and small water droplets tend to have a
bumpy ride, rising and falling numerous times in the vortices of the air before they finally
hit the ground.
In mid-winter it is important that the permafrost is not covered by much snow. Snow
is a good insulator, so the permafrost freezes better if it is only covered by a little bit of
snow. But when the spring comes and the days become longer, an extra layer of ice and
snow would increase the reflectivity of the permafrost area and thus slow down the melting.
The production of ice spray would be a way of collecting “cold” from a large area and
depositing it, in the form of ice and snow, to where it is most needed. The ice or snow
spray would, of course, also have a cooling impact in the air, when the sun is shining.
These facts mean, that it might be possible to halt the melting of the permafrost areas,
the floating ice masses of the Arctic Sea, the floating ices around the Antarctica and the
continental glaciers with a few thousand large windmills spraying water into the air as a
fine mist in strategic, carefully chosen sites. Some of the windmills could be situated on the
floating ices, on strong and thick paleocrystic ice. Some could be installed on the northern
shores of Canada, Alaska, Russia, Norway and Iceland. And some could be placed on top
of the edges of continental glaciers, in areas where the ice sheets have already started to
melt.
Various vertical and horizontal windmill designs can be converted to act as giant
sprinklers. Another possibility is to make electricity with the windmill, and use the power
to rotate sprinklers.

Recommendation:
The idea should be investigated further and proof-of-concept-type field trials should be
organized.

26. Gravity-powered Ice and Snow Sprinklers
Gravity-powered ice and snow sprinklers might be an even cheaper solution than the
wind-powered sprinklers. For example, the West Siberian permafrost region is situated
between the Central Siberian Plateau and the Ural Mountains. There are, along a stretch of
roughly one thousand kilometres, hundreds of rivers and countless smaller streams running
from the Ural Mountains to the east and from the Central Siberian Plateau to the west. In
both cases the streams run towards the vast lowland swamp also known as the West
Siberian permafrost area. Some of the water in all these rivers and streams could be
channelled to artificial pipes in places where the terrain falls down relatively steeply, which
are still relatively high over the altitude of the permafrost area, and from where ice crystals
or snow flakes would definitely scatter over vast stretches of the permafrost. There is
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absolutely no shortage of suitable sites along the eastern slopes of the Urals or along the
western slopes on the edge of the Central Siberian Plateau.
If the water drops 40 metres inside the pipeline, a pressure of 4 bars (of four
atmospheres) is created at the end of the pipe. If the end of the pipe has numerous very
small holes, the high-pressurized water would push through as high fountains of very fine
mist. Even better result could probably be achieved with slightly higher pressure. The
higher the pressure the smaller the holes can be and the smaller water droplets it is possible
to create. This is important because the very small droplets have the best chance of being
carried very far by the wind.
There are numerous possible designs which could be used. The cost for each billion
tons of spray would be much less than with the wind-powered sprinklers. One pipe with a
diameter of 10-15 metres could create a few billion tons of ice spray in a year, theoretically
roughly enough to cover the whole West Siberian permafrost region, all one hundred
million hectares of it, with a few centimetres of extra snow or ice. It might, of course, be
necessary to heat the end of the pipeline to prevent it from freezing when the temperature is
far below zero.
Similarly, such gravity-powered sprinklers could be installed at suitable sites on the
northern shores of Russia, Canada, Alaska, Iceland and Norway, as well as on the larger
Arctic islands which have mountains and streams running towards the sea. This might be
the cheapest and the least dangerous way to halt the melting of the northern floating ices
and of the Greenland ice sheet. In the areas surrounding the Antarctic the scope for this
approach would, unfortunately, be much less.
Recommendation:
It would be important to conduct small-scale experiments with the idea. If there are
no better ideas on how to halt the melting of the floating ices, the polar ice sheets and the
permafrost areas, gravity-powered sprinklers jmight prove to be useful.

27. Stone Mulching with Highly Reflecting Materials
In the State of Uttarakhand of India there is a tradition of spreading stone mulch, a
cover consisting of small stones, on the fields and planting the cultivated crops in the
middle of the stones. Stone mulching prevents erosion by breaking the rain-drops into fine
mist so that they will not explode in the soil as minor bombs, washing nutrients and small
soil particles away. A larger percentage of the rainwater seeps down into the soil and does
not run away. The stones also reduce evaporation of the water from the ground by reducing
soil temperatures. Because the relatively small stones lose their heat quickly after the sun
has set, their surfaces may even be able to condense significant amounts of water from the
atmosphere when the temperature differences between the day and night are large. Stone
mulching can also reduce the growth of weeds. It is normally done with all kinds of stones,
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some of which are dark or even black. However, if only highly reflective or relatively
reflective shiny, white or light-coloured stones is used, the method could also increase the
reflectivity of the farmlands in a very significant way. Limestone could be used, as well as
quartz, or the stoned could be painted white. Highly-reflecting shell-fish shells might also
be an option where they are available in large quantities.

Recommendation: Highly recommended.
All kinds of trials related to such possibilities, conducted by people in their own
gardens or official researchers in their research stations, are most important, because very
little is known about the possibilities of this technology.

28. Reflecting Plankton
350 million square kilometres of the Earth’s surface, 70 per cent of the total, is
covered by oceans. We know that the watery surfaces absorb sunlight very efficiently. We
tend to assume that nothing can be done to alter the reflectivity of the oceans, with the
exception of the high southern and northern latitudes, where it is possible to make more
snow and ice just by spraying water into the air.
But is this assumption correct? Why could we not produce some kind of reflecting
plankton, something small that floats on the surface and has a high reflectivity?
One interesting option might be to grow diatoms, simple single-celled algae whose
skeletons are made of natural glass. Diatoms are very small, often less than 100
nanometres in diameter, and many species have highly reflective skeletons (which is not
surprising, considering the material the skeletons are made of). If it would be possible to
treat the diatoms so that they would float on a watery surface, one cubic metre of them
could then be spread over a larger area so that the diatoms would create a reflecting surface
of ten million square metres. This reflecting surface, of course, would consist of
innumerable tiny, floating reflectors. Or we might use something else, instead of diatoms.

Recommendation:
The idea might be worth further research, because there is a chance that we might
need to do something like this as an emergency measure. However, this should not be one
of the first choices and should not be used, even in an emergency, before the potential
negative side-effects have been carefully assessed.

29. Favouring Plants with Efficiently Reflecting Leaves
Some plant leaves reflect sunlight more efficiently than the others. Especially the
trees and other plants which have developed in dry conditions tend to have wax-covered,
highly reflective leaves. Dryland plants do not suffer from a scarcity of sunlight, for them
the main problem is the lack of water. It makes perfect sense for them to have leaves that
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reflect much of the sunlight back, because this reduces the temperature of their leaves, of
the ground and of the surrounding air and thus lessens evaporation of moisture from the
soil. If such highly reflective dryland trees, bushes and annual plants are favoured as
sources of human food, animal fodder, cellulose, bio-fuels and bio-chemicals, the
reflectivity of the tropical and sub-tropical fields, pasturelands and forests could be
increased.
Recommendation:
This should work, but only if the more reflective crops are planted on very large
acreages: the difference between overall reflectivity may not be very large, typically less
than ten percentage points. More research on the subject is needed. This could perhaps be
done together with the International Programme on Arid Land Crops (IPALAC) a
programme based in Niamey, Niger, under the auspices of the International Crop Research
Center for Semi-Arid Tropics (ICRISAT). IPALAC has done much more work than any
other international initiative to promote the growing and domestication of trees and plants
that have originated in dry conditions. It would richly deserve more support and attention
from the community of the development cooperation organizations.

30. Giant Solar Chimneys as a Global Air-Conditioning System
Most of our Universe is extremely cold. In places where temperature is 0 degree
Celsius or 273 degrees Kelvin, there is approximately one hundred million times more heat
radiation than what is the average for the Universe as a whole. So it could be said that only
a species with a rather limited intelligence should die because its members are helpless to
prevent the overheating of their planet, or because they think that the only way to prevent
the overheating is to cover the whole planet with radioactive pollution.
The nearest extremely cold places are always very close to us. When we go up, the
air becomes an average half a degree centigrade colder for every one hundred metres. The
freezing point of water is reached after a few kilometres, and at ten kilometres it is already
very cold, indeed, not to say anything about twenty or fifty kilometres.
Most of the energy coming from the Sun is not reflected back to space in the same
form as it came. It is first transformed to heat at the ground level, after which it returns to
space as infrared radiation or through the convective processes in the atmosphere.
Convection simply means that warm air rises up and cools, and then drops down again.
The atmosphere is full of convective cells, vortices of rising and descending air. Some of
them are gigantic but most are very small, even tiny. Part of the heat transported into the
upper parts of the troposphere and into the stratosphere by these vortices is, in practise, lost
to space, because the air that descends and returns to the surface is much cooler than the air
which went up in the convective cell.
So one way to cool the planet would be to circulate hot air to greater heights and
against gravity more effectively, so that it loses its heat to space and drops back to Earth as
heavy and very cold or super cooled air.
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One of the most promising new solar energy technologies is a concept known as the
solar chimney, or, alternatively, the solar windmill. A 200-megawatt solar plant like this
would consist of a large glass or plastic greenhouse, perhaps seven kilometres across, and a
kilometre-high, 300-metre-wide chimney at its center. The greenhouse acts as a vast solar
collector, heating the air below it. Because the roof of the greenhouse tilts slightly
upwards, the heated air has to stream towards the chimney and up to it. New air streams
inside the greenhouse form its edges. The pressure difference between the greenhouse and
the chimney top creates a strong up-draught which runs a number of cased wind turbines
placed at the bottom of the chimney.
The solar chimney is a daring new energy concept developed by the well-known
German structural engineer Jörg Schlaich and his associates. The design has a number of
very important advantages. It is very simple and does not require much high technology, so
it could be widely replicated by many Southern countries. Solar chimney can keep on
producing electricity even during the nights, because of the large heat storage in the ground
under the greenhouse. Above all, a solar chimney does not need any fresh water, unlike
coal-fired and nuclear power plants and solar power plants based on steam engines or steam
turbines. This is a major benefit. For example a 1000-megawatt nuclear power plant
consumes tens of millions of cubic metres of fresh water per year.
Governments and commercial companies, however, have not become excited about
the concept, because the required initial investments are relatively high. As long as there
are no significant environmental taxation, the electricity produced by a solar chimney can
only compete with coal or nuclear power with subsidies or if a much longer than normal
depreciation period for the original investments can be used. With an 8 per cent interest
rate a 40-year-long depreciation period (pay-back time) for the investment is required to
make the power produced by a solar chimney cheaper than nuclear energy.
The operation of a solar chimney should also be analysed from another perspective.
Because warm air from a very large area is collected into the chimney, an abnormally
narrow and high convection cell will be created above it. In other words, a 200-megawatt
solar chimney also circulates a few million cubic metres of hot air per second into greater
heights than the air would normally reach. This most probably means that the air masses
will lose more heat and return to the ground level somewhat cooler than what would have
been achieved by normal convection cells. If we assume that the heat capacity of one cubic
metre of air is about 1,000 joules/Kelvin and that the average extra cooling of the air
amounts to 30 degrees Centigrade, the global cooling efficiency of a 200-megawatt solar
chimney would be about 100 gigawatts, 500 times more than its power-producing capacity.
Does this have any real significance? It might, even though the above outlined backof-the-envelope-type calculations are on a very uncertain basis and might be full of holes.
However, if the order of magnitude is about right, 5,000 solar chimneys producing 1,000
gigawatts of solar electricity would have a 500,000 gigawatt cooling impact, which would
be roughly equivalent with the present imbalance in the Earth’s energy budget.
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This could be compared with a scenario in which 15,000 gigawatts of electricity
would be produced by nuclear power. Because only the electricity produced by a nuclear
power plant can be utilized, such an array of nuclear power plants (roughly equivalent to
our present overall consumption of energy) would actually add about 50,000 gigawatts into
the planet’s energy imbalance. The burning of fossil fuels or uranium produces extra heat,
unlike the use of renewable energy, which only reshuffles the solar radiation which would
anyway have fallen on our planet.
If the air going to the chimney would be moist and warm air containing 20 grams of
water vapour for each cubic metre of air, the cooling efficiency of the chimney would be
150 gigawatts larger. The cooling of the water vapour and the cloud droplets would release
into the high atmosphere 4 joules per gram for each degree Celsius/Kelvin. The
transformation of the water vapour to cloud droplets would release 2260 joules per gram
and the freezing of the water 333 joules per gram. Thus the overall cooling impact would
rise to very substantial 250 gigawatts. If some cloud condensation nuclei were added to the
air going up the chimney, the chimney might actually be capable of both cooling and
irrigating the surrounding areas. This might increase agricultural crops in a very significant
way in hot and dry regions. For example in Abu Dhabi plants require eight times more
water if the temperature rises from 30 degrees Celsius to 46 degrees Celsius. Oh, sorry. I
forgot that this part was about increasing the planet's albedo. Sorry, sorry…Except… what
if… actually… it may be that there is no problem, here, after all. It may be that the solar
chimney can also be used to make clouds which increase the Earth's reflectivity!

Recommendation:
These possibilities should be investigated further, because even without them the
solar chimney is one of the most interesting energy alternatives for the future. The
economic feasibility of the technology might be improved by making some of the chimneys
even higher, perhaps two or three kilometres. It might be possible to achieve this in a costeffective way by using a suitable airship (a Zeppelin) as a flying or floating construction
crane. Increased chimney height would also greatly add to the plant’s efficiency as an airconditioning vehicle. The potential side effects should be assessed carefully, especially the
risk of ejecting large amounts of water vapour too high into the atmosphere, so that it will
freeze and create ice crystals which can assist the ozone-depleting chemical reactions or
give birth to high clouds that have a warming impact on the climate. It is probably possible
to design the operational modalities of a solar chimney so, that it will mostly produce
climate-cooling cumulus and stratus clouds, instead of the climate-heating cirrus clouds.
However, if this is not the case, this option should be abandoned.

31. Creating New Salt Deserts
Salt is white and reflects sunlight efficiently. What if we would install large numbers
of sea water sprinklers in selected desert areas and place the sprinkler groups so that the salt
fall would cover very large areas? When the sea water evaporates, the ground will quickly
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become covered with a thin layer of white, highly reflecting salt. It would be very cheap to
create millions of square kilometres of such new salt deserts. And there are billions of
hyper-arid land hectares on Earth, which are currently producing almost nothing.
Recommendation:
This option should not be preferred. Creating new salt deserts is much cheaper than
removing the salt, later.

32. Painting the Walls and Rooftops White
Many people have proposed that the Earth's reflectivity could be changed a bit if all
the rooftops and the walls of buildings which receive most of the sunlight would either be
painted white or treated with some other, highly reflecting substance. The same could also
be done for roads, public squares and many other places. The white paint or the other
reflecting substances would also help in keeping the houses cool.
Recommendation:
Recommended, at least for rooftops and walls. Roads and public squares may be a
more complicated issue, because the reflected light may strain the eyes. The habit of
painting the houses white still exists in many hot countries and it used to be very common
in many more countries because it is a very easy and efficient way to keep the houses
cooler during the hot seasons. But even though the idea definitely works it can only solve a
part of the problem because the combined acreages will not be large enough to really cool a
whole planet. Also, many people do not own their own homes and are living in illegal
houses. They will not be motivated to contribute to such efforts. However, the Peruvian
economist Hernando de Soto has proposed that the informal dwellings of urban poor should
be legalized. According to de Soto such an urban land reform would transfer almost USD
10,000 billions worth of property into the hands of the poor, by a stroke of a pen. Perhaps
these two ideas could be somehow combined.

33. Soap Bubbles and Reflecting Umbrellas
Six and a half billion people can increase the Earth's Albedo even by using highly
reflecting umbrellas or by climbing to mountain-tops to blow highly-reflecting, durable
soap bubbles.
Recommendation:
Yes, this is possible, but six and a half billion people climbing to the mountains to
spend all their time blowing soap bubbles just to keep the planet cool and comfortable is not
the most practical way to solve the problem. However, for inspirational and symbolic
purposes a big festival in which thousands or even millions of people would blow a lot –
and I mean truly A LOT – of soap bubbles at the same time would be just perfect. It would
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create an optimistic feeling that we can do something for the problem together if we just
decide to do it. We really need such optimism, now. If people become too depressed they
will do nothing!

34. Rethinking the Jetplane Routes and Schedules
Flying causes only two per cent of our carbon dioxide emissions, but environmental
activists seem to hate jet planes more than anything else, except nuclear power plants.
There is a very good reason for this extreme antipathy. Jet planes fly so high, that the water
vapour their motors emit into the air freezes immediately to small ice crystals which form
contrails or exhaust trails. Contrails act like artificial cirrus clouds. All kinds of clouds
cool the planet during the daytime and heat it during the nights. However, most clouds tend
to have a predominantly cooling impact. The high cirrus clouds are an exception. They are
a bit inefficient in shading the sun during the daytime, but very effective in radiating heat
back to Earth during the night. According to various studies contrails produced by the jet
planes multiply the climatic impact of flying by at least a factor of 2.7 and possibly by a
factor of 10. A single exhaust trail can spread over an area of 20,000 square kilometres.
This is a serious issue, because the number of international flights is still increasing rapidly.
Luckily, there are easy solutions to the problem. The governments should force the
airlines to lower the height at which the jet planes are flying so, that contrails will no longer
be produced. This would increase the fuel consumption by 4 per cent or so, but the 90 or
95 per cent reduction in artificial cirrus clouds would be a much more significant factor. If
air traffic would be shifted to lower and less cold altitudes, it would also become possible
for the aeroplanes to use biodiesel instead of kerosene. Another option would be to ban
evening and night flights at high altitudes. Morning or early afternoon flights are not as
harmful, because the contrails do not normally last very long, and because they have a
cooling effect during the day. Besides this we should, of course, fly less and travel with bus
or train whenever this is feasible. On a little bit longer run, the air companies should move
back to propeller planes. They are slower than jet planes but consume 40 or 50 per cent
less fuel.
However, if we will have major difficulties in halting the melting of the permafrost,
the floating ices of the Arctic Sea and the Greenland ice sheet, jet planes might actually
come to our rescue. As mentioned above, jet plane contrails have a cooling impact during
the day, when the sun is shining, and a warming impact at night, when there is no sun.
When there is summer in the Arctic and the permafrost, glaciers and floating ices are
melting, there is no night. The sun does not go down at all, because the Arctic summer is a
continuous day lasting for a couple of months. Similarly, the Arctic winter is an almost
endless night, several months of perpetual darkness before the Sun again begins to rise
above the horizon.
This means that a winter-time flight over the Arctic is about the most serious
environmental crime you can commit legally, without going to prison if you get caught. On
the other hand it might be possible to cool the Arctic during the summer simply by rerouting as many jet planes travelling between the different regions of Eurasia and between
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Eurasia and the Americas over the northern polar regions. In many cases, this would not
make the flights much longer, but the cooling impact of the contrails might be strong
enough to halt the melting of the permafrost, glaciers and floating ices. This may sound
desperate, more so than soap bubbles and reflecting umbrellas, a little bit like the Salvation
Army joining its strength with Union Corse, Camorra, N'Drangheta and Cosa Nostra to
fight illegal narcotics. However, we should perhaps keep even this possibility in mind, in
case we might need it.
Recommendation:
Recommended only as a last-ditch effort to prevent the implementation of even worse
schemes.
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CONTRIBUTING MEASURES
(Things that help but which can no longer solve the problem, alone)

This annex mentions a few possible ways to reduce greenhouse gas and black aerosol
emissions. Needless to say, the list is not exhaustive.
We must shift to forms of energy which do not cause (large) greenhouse gas
emissions. However, in the present situation it is important to realize, that when we replace
fossil fuels with a form of energy production which does not produce any aerosols (like
solar, wind or nuclear power) we should somehow compensate the cooling effect of the lost
aerosols, at the same time.
The burning of fossil fuels and bio-fuels also produces, besides the carbon dioxide,
innumerable small particles that stay in the atmosphere for some time. Most of these
aerosols tend to have a strong cooling impact, except the small particles of black carbon,
the so called black aerosols, which have both a cooling and a warming impact (see the
separate discussion on this problem, below). The aerosol emissions are currently
eliminating part of the heating caused by greenhouse gases and reflectivity changes.
According to the old estimates they are cooling the planet by at least 0.2 degree Celsius.
However, according to some of the new calculations the aerosols’ cooling impact might
actually be much more, perhaps even two or three full degrees.
This does not mean that the aerosols could save us from the greenhouse warming,
because carbon dioxide and other greenhouse gases tend to accumulate in the atmosphere,
which means that their heating impact will keep on increasing. The amount of aerosols, on
the other hand, should stay roughly at the same level or decrease, unless there is much more
air pollution, which is not desirable from a public health viewpoint.
Because we are already acutely threatened by all kinds of positive feedback loops and
vicious circles we must take this hidden warming - the warming that has this far been
compensated and hidden by the global dimming caused by aerosol pollution - very
seriously. If we would immediately replace all the fossil fuels and bio-fuels with solar
energy, wind and nuclear power, we would also lose our cooling aerosol umbrella. If the
new estimates are correct, this should then lead to an immediate further global warming of
2 or 3 degrees Centigrade, which would almost certainly lead to explosive increases in the
methane emissions from permafrost and probably also from the offshore methane hydrates.
This may sound like science fiction, but many of the world’s most prominent climate
researchers, including the German Meinrat Andreae, American James Hansen, Dutch Paul
Crutzen and the Indian-American Veerabhadran Ramanathan, have expressed their serious
concern about the issue.
Therefore we should perhaps emphasize bio-fuels during the first stages of reforming
our energy systems. Bio-fuels typically produce large aerosol emissions, just like the
fossil-fuels do. Also, removing carbon from the atmosphere should perhaps be our most
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urgent priority. And if we reduce the combined global consumption of fossil- fuels and biofuels so, that the production of the cooling aerosols is reduced significantly, we should
compensate this effect by increasing the planet’s reflectivity by other means.

Passive solar energy
In the long run we will most probably get a very large majority of all our energy from
the Sun. The Sun produces an almost unimaginable amount of energy, roughly equivalent
to 60,000,000 large nuclear power plants for every inhabitant of our planet. 60 million
nuclear power plants for you, 60 million for me and 60 million for every other woman, man
and child living on Earth. Only one part in two billion of this excessive energy flow ever
reaches the Earth, but even this tiny trickle amounts to 170,000,000 gigawatts, about
14,000 times our present consumption of energy.
In a way most of our present consumption of energy, or even a huge majority of it,
already is and will always be passive solar energy: it would be much harder to start the
heating of our houses from the average temperature of the Universe (about -270 degrees
Celsius). However, passive solar energy could be harnessed much more efficiently both for
heating and cooling the houses, and for many other purposes, as well. The simplest way to
utilise passive solar heating is to concentrate most of the large windows of a house on the
southern side, and some of them on the western and eastern sides. On the north-side there
should be no windows or only some very small ones. Breathing construction materials (for
example wood and clay) are also an effective means of utilising passive solar energy, see
the next part of the text.

Houses
In the northern areas heating the houses consumes, by far, the largest share of a
household’s energy budget. There are numerous ways to reduce the losses, but many of
them are easier to implement in the countryside than in the cities, in large blocks of flats. If
you have a yard of your own, the cheapest way to save heating energy is a windbreak
consisting of trees. A dense fence is not good because the wind jumps over it, but a garden
with different types of trees in several different layers breaks the wind effectively. The
ideal amount of “holes” in the wind-break is 30 to 50 per cent. Even when the house is
very warm and air-tight and well-built, the wind-breaks can save a lot of energy because the
air near the outer walls stays a bit warmer and drier. Even architects should think in terms
of exposure degrees! In not so tight and warm houses the impact of the wind is still much
more dramatic. Ideally, the wind-breaks on the southern side of the house should be
situated so far from the house, that they do not prevent sunlight coming in from the
windows, but this is only possible when the yard is relatively large. On the northern side
the wind-breaks can be closer.
After the wind-breaks the most profitable option is to add insulation on the top, into
the roof, because most of the heat escapes this way. New windows with three or four
different glasses save some energy, using a Venetian blind or drawing a curtain in front of
the window during cold days is an almost as effective a way to save heat as an extra
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window glass. The curtain must not come between the radiator and the room space, though.
An extra horizontal frame dividing the windows saves a lot of heat by splitting the
convection cell of warm air on the surface of the glass.
Placing the warm water or electric radiators at the outer walls is a very good way of
wasting a lot of energy, much of the energy is channelled directly into the outer wall and
out. Part of the wastage can be eliminated by placing an aluminium foil between the
radiator and outer wall, but the best option is to situate the heat sources in the middle of the
house. In regions where the temperatures often fall below the freezing point of water, one
of the most important things to do is to design the houses so that there are as few vulnerable
spots (water pipes!) as possible. If anti-freeze is put into the radiators, it is no longer
necessary to heat all the rooms during the cold days: only the rooms which are in use or
which have vulnerable spots (water pipes) must always be heated even when they are not
used. This transforms the other rooms from consumers of heat to very, very effective extra
layers of insulation.
When the problem is too much heat the cheapest way to cut air-conditioning bills –
besides curtains and Venetian blinds - are trees which shade the house efficiently. White
paint or paints that reflect the sunlight even more efficiently than normal white paint are
also a good option, as well as other passive or active cooling methods using solar energy.
Some interesting technologies utilise the phase changes of salt crystals and brines.
Breathing materials like wood and clay can reduce both the energy needed for heating
and the energy needed for cooling in a very significant way. When temperatures drop at the
night-time, and some of the vater vapour inside a breathing wall condenses into water, it
releases a lot of heat (2260 joules for each gram of water) and thus warms up the house.
When the wall dries during the day-time, the evaporation of the water, in turn, consumes an
equivalent amount of energy and cools the house. Most traditional construction methods
and styles have utilised the phenomenon very effectively, but modern architecture has
almost totally neglected it. This is absurd! It is outrageously, criminally stupid to burn
coal to produce electricity for air-conditioning and heating when the same could often be
done in a way that is both pollution-free and almost free of cost. Even blocks of flats which
are mostly made of concrete should use breathing materials in suitable places.
Building well – so that the houses will last longer – and replacing concrete and steel
with clay or wood are also very efficient ways to reduce carbon dioxide emissions.

Cars
The easiest and cheapest ways to cut the energy consumption of your car is to drive
less, and to drive with a slower and more even speed when you have to drive. Maintaining a
proper tyre pressure also has some significance, as well as replacing the clogged air filters.
It is often said that buying a new, expensive hybrid car is a good way to reduce
greenhouse gas emissions. In many cases this does not really make much sense. It is much
better and cheaper to keep the old car and drive less. If your present car consumes 7 litres
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of gasoline for every one hundred kilometres and you drive on average 20,000 kilometres in
a year this consumes 1,400 litres of fuel per year. If you buy a hybrid car you can perhaps
reduce the consumption to 5 litres per one hundred kilometres and 1,000 litres per year. So
you save 400 litres of fuel per year or 4,000 litres in ten years, if you keep the new car for
so long. If the new car costs you euro 30,000, you have paid 7.5 euros for each litre of fuel
you have saved, about 7,500 euros for each ton of fuel saved and about 10,714 euros for
each ton of carbon which has not been emitted into the atmosphere. If you really want to
make an impact, this is not a good way of using your money.
Actually, if buying a hybrid car means that the functional life-span of your old car
will be reduced from twenty to ten years you should also include at least fifty per cent of
the greenhouse gas emissions caused by the making of your new car into the calculations.
The production of steel consumes a lot of energy and the reduction of iron causes further
carbon emissions. The magnesium and aluminium parts have used a lot of electricity, and
so on. Thus your actual carbon avoidance cost might rise to several tens of thousands of
euros per ton, which is absurd.
Diesel cars consume less fuel than cars using internal combustion engines, but they
produce more black aerosols (tiny soot particles). According to one estimate, one gram of
black carbon is 360,000 to 840,000 times more efficient in warming the climate as one
gram of carbon dioxide. This makes the calculations a bit complex, and the numbers lead
to different conclusions depending on the used time frame. On a very long run, 100-200
years, a diesel engine may heat the planet less than an ordinary petrol engine, on a shorter
time frame the roles are reversed (see the discussion about black aerosols, below).
A better option is to use diesel engines that use unprocessed vegetable oil (“Elsbett
engines”) or two-tank systems (“Elsbett kits”) which make it possible to start and halt the
car with bio-diesel or diesel oil and to run it mostly with unprocessed vegetable oil. This
saves about 15 per cent of the original energy content of the vegetable oil and should
produce on average much larger soot particles which have a smaller warming impact, but
we desperately need more research to confirm this assumption. Electric cars would be the
ideal solution, but biogas cars also burn their fuel without producing large soot emissions.

International Travel
International travel is important for the people, it often provides many of the most
precious experiences and memories in people’s lives. Besides this, travel industries provide
about 200 million full-time and 300 million part-time jobs. Travelling to the South during
the dark periods of the year is beneficial for the health of the people living in the northern
areas which have very little sunlight during the winter, because it can fill the vitamin D
stores of their bodies for one or two months. This is very important: according to recent
research an ample supply of vitamin D reduces the risk of at least 18 different types of
cancer, cardiovascular disease, osteoporosis and diabetes. Because international tourism
only produces a few per cent of our current greenhouse gas emissions, people should not be
made to feel guilty because of their winter-time holiday trips.
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We must of course moderate our behaviour in this field, as well. It is always better
to travel by train, ship or bus than with an aeroplane. Even a private car is a better option
than plane. It is better to make one longer journey per year than to fly many times a year
for many short trips. It makes sense to favour as direct flight routes as possible or to
combine flights with trains or busses. And if you fly to the South from the North during the
winter, try to organize an arrangement which makes it possible for you to keep your house
as cool as possible while you are away. If you cut your heating energy bill by escaping to
the sun, you can compensate at least part of the greenhouse gas emissions produced by the
flight and also save some money.

Food
After heating and cooling energy and transportation, food is usually the third largest
source of greenhouse gas emissions from an individual household. The easiest way to cut
these emissions is to become a vegetarian, or to eat less meat and more vegetarian food.
Cattle raising is responsible for a large chunk of our methane emissions. Also, a diet
consisting of meat and plant food causes larger carbon dioxide emissions and nitrous oxide
emissions than vegetarian diet, because animals tend to use 3-10 kilograms of plant food for
each one-kilogram gain in their own weight. Thus much more fertilizers are needed to
produce a non-vegetarian diet. 80 per cent of the humanity’s nitrous oxide emissions come
from nitrogen fertilizers, and the production of fertilizers also consumes a lot of fossil fuels.
Eating animal fats is also very dangerous for our health. It greatly increases the risk of
cardiovascular disease and many cancers, besides which most of the important
communicable diseases of humans have originally come from domestic animals, almost
every major killer from tuberculosis to smallpox, except HIV/AIDS which resulted from
eating the meat of wild primates. This threat still hangs over our heads: the lethal influenza
epidemics which may one day again kill a few dozen or hundreds of millions of us will
come either from poultry or from pigs.
Eating organic food reduces nitrous oxide emissions and may lead to some
sequestration of carbon out of the atmosphere, by thickening the humus layer in the fields.
If the food has been grown nearby, the transportation of it has not caused major greenhouse
gas emissions. Food brought to you from another country or from another continent by an
aeroplane makes a major contribution to global warming.
Two exotic future possibilities should perhaps also be mentioned. Many research
facilities are trying to develop artificial fish fillets and artificial meat, produced with the
help of animal stem cells in modern food factories. They assume that in the future it will be
possible to produce artificial tissues in such factories with a fraction of the present prices of
fish and meat. This would reduce both the greenhouse gas emissions and the consumer
prices, and in practise free us from the threat of a new bird influenza epidemic. Artificial
meat would also be an almost ideal solution from the animal rights viewpoint, so this line of
research should perhaps be strongly supported.
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Another interesting issue is called calorie restriction. It might be possible to increase
the maximum life-span of human beings by several decades with a diet containing an
adequate supply of all the key proteins, fats, nutrients and vitamins, but 30 per cent less
calories than the earlier recommended minimum calorific intake. According to new
research, also the average life-span should increase and many important illnesses could be
much reduced . At the moment no human population practises the ideal type of calorie
restriction, but the people on the island of Okinawa of Japan come the closest. On Okinawa
it is customary to stop eating a little bit before you really become full. The inhabitants of
Okinawa have a 40 times larger chance of living to the age of one hundred than the people
living on the other Japanese islands, even though the rest of the Japanese are among the
healthiest people on Earth. If people start to practise calorie restriction to increase their
life-span, they will eat less, which means that less greenhouse gases will be produced by
agriculture.

Consumption
A major part of our greenhouse gas emissions are indirect: they are created when we
buy something which has been produced by different industries. The production of almost
everything does cause at least some carbon dioxide emissions. So the more you consume,
the more carbon will be produced. Perhaps the most important single thing is to buy goodquality products that last for a long time and which do not have to be replaced, very often.
Recycling and using second-hand products are good ideas, as well as lending all kinds of
things to friends.

Halting Tropical Deforestation
Tropical deforestation still causes approximately 20 per cent of our annual carbon
dioxide emissions. Preventing the destruction of tropical rainforests is very important both
for the climate and for biodiversity – a great majority of all the plant, animal and fungus
species of our land ecosystems are endemic to tropical rainforests.

Solar Heat Collectors
Solar collectors are not exactly a new technology. They were invented already in the
Carboniferous era, 300 million years ago, by large fin-backed lizards known as
dimetrodons. Dimetrodons had a large but thin, probably rather dark sail at their backs. In
the morning they raised the sail towards the sun and circulated the heat collected by it into
the rest of their body through the blood veins. Unfortunately many governments have not
yet reached the Carboniferous period in their renewable energy development programmes.
Bureaucracies are, of course, supposed to be a bit slow and sluggish. But still, noticing that
you are now more than 300 million years behind your time in an important field of
technological development…shouldn’t that ring a warning bell, somewhere? Or could that
at least be considered as a “weak signal”?
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Luckily, the more advanced countries have already moved beyond the capacity of
dimetrodons in the field of solar collectors. There are numerous well-designed flat-plate
solar collectors on the markets, by which households can warm the houses and heat water.
Chinese companies like Sunda Solar and Beijing Tsinghua Solar are manufacturing cheap
but efficient solar collectors based on transparent, vacuum-insulated glass tubes put
together in very long series. The Chinese models have already been installed in 30 million
households in China and they are becoming popular in other countries, as well, because of
their affordable price. There are also numerous different models based on circulating
heated air (instead of liquid). Air-based solar collectors can be still much cheaper and
simpler than the models that use liquids, but this branch of the technology has not yet
received as much attention as it rightly deserves.
The cheapest possible solar collector is a shallow pond of dark water, or a pond
whose bottom has been painted black. Such a pond will absorb most of the sunlight falling
on it during the daytime. However, when the temperature drops during the night the pond
quickly loses heat through the convection of the water: warmer water always rises to the
surface of the pond. A lot of heat is also lost via the evaporation of water. Because of
evaporation and convection, the temperature of the water never approaches the boiling
point of water. If the convection is prevented by transparent surfaces or with the help of a
salt gradient, the situation changes and it becomes possible to heat the water close to the
bottom of the pond to 80 or even 90 degrees Celsius.

Photovoltaics
In photovoltaics electricity is produced when sunlight hits a semi-conductor surface.
The phenomenon was discovered in 1887 by the German physicist Heinrich Hertz, who
also discovered the radio waves. The spread of the technology has been slowed down by
the high price of effective semi-conductor materials. Solutions have been searched from
thin-film technology, nanotechnology, screen-printing of solar cells and low-cost organic
semi-conductors. At the moment conventional photovoltaic power is more expensive than
grid power, but Swedish scientists have estimated that thin-film technologies may soon
reduce the price for each watt by a full order of magnitude, by ten times or so. This is still a
bit uncertain, but the world leader in thin film photovoltaics, Moser Baer India, is already
constructing a 200-megawatt thin-film solar photovoltaic plant which is supposed to cost
only USD 250 million. If this price level can be met, the electricity produced by the new
solar plant will be much cheaper than the power produced by nuclear power plants or coalfired plants.

Concentrating Solar
In concentrating solar power (CS) solar radiation is concentrated by parabolic or
trough-like reflectors. In most of the designs, the concentrated heat then produces steam
which, in turn, produces electricity with the help of a steam turbine or a modern steam
engine. Some designs concentrate the heat into Stirling engines, in which in turns
expanding and contracting gas drives a piston engine. One of the most promising
technologies are the solar trough plants, in which trough-formed collectors concentrate
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sunlight on black tubes. The idea was originally proposed by the Swedish inventor John
Ericsson in the 1840’s. According to one estimate solar trough plants would become cheap
enough to compete with coal and nuclear power without any subsidies or pollution taxes
when 5,000 megawatts have been installed. At this time the solar troughs should cost about
USD 1,500 per kilowatt, fifty per cent of the present price. This calculation refers to North
America and Europe. In the South, where the labour costs are lower, economic
sustainability could be reached even with a much smaller level of investment. A solar
trough project in Rajasthan, India, is aiming at an installation cost of USD 1,000 for a
kilowatt of power. This would be still slightly less than the price Moser Baer India has
quoted. However, concentrating solar technologies can only utilise direct sunlight while the
thin-film photovoltaic technologies can also harness diffused solar radiation.
Steam turbines and steam engines run by solar energy, unfortunately, consume a lot
of fresh water, just like the coal-fired thermal power plants and the nuclear power plants do.

Concentrating Photovoltaics
Concentrating or Concentrator Photovoltaics (CPV) is a kind of hybrid between the
two main schools of solar electricity, and it might finally emerge as the winner of the race.
Ordinary photovoltaic panels cannot deal with concentrated sunlight, they overheat
and experience a brownout, which means that they stop producing electricity. However, if
the photovoltaic cells are kept cool, the situation changes and the efficiency of the cells
grows when the photon flux (the amount of light falling on them) increases. When the
sunlight is concentrated 1,000 times, the photovoltaic cells can produce 2,000 times more
electricity, if they do not overheat. The US company PhotoVolt Inc has been able to
produce 400,000 watts of electricity per one square metre of photovoltaic cells by
concentrating the sunlight 2,500 times. The Israeli scientists have experimented with even
higher concentrations of sunlight amounting to 9,600 suns (!) but these seem to be a little
bit too much for the presently available materials.
Concentrator photovoltaic systems may soon be able to produce electricity with a
much lower price than coal-fired or nuclear power plants because they can attain an
efficiency level of 30-40 per cent and reduce the need of expensive semi-conductors by
hundreds or even thousands of times. In practise semi-conducting materials are replaced by
reflecting mirrors or Fresnel lenses which are much cheaper. There are numerous different
designs. Ben Gurion University of the Negev in Israel and the Australian company Solar
Systems are using very large parabolic reflectors with a small cooled photovoltaic panel at
their focal point. The German Concentrix GmbH and the US Amonix have developed
modular panels meant for large-scale power production, in which numerous small Fresnel
lenses concentrate the sunlight into tiny pieces of semi-conducting material. The Japanese
Sharp and the Australian Green and Gold Energy are selling modular panels, using
numerous small parabolic reflectors, for individual households. For example the Israeli
MST Renewable Energy Company has estimated that it would cost about USD 850 million
to construct a 1,000 megawatt concentrator photovoltaic plant and that a factory annually
producing 1,000 megawatts of further plants would cost about USD 650 million. If these
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calculations hit even close to the real figures, the concentrator photovoltaic systems may
soon produce truly stunning profit margins for the manufacturers of the technology, and for
the energy utility companies which will be the first to invest in these new technologies.
Tinytech India, a Gandhian technology company based in Rajkot, Gujarat, is aiming
to produce 24-square-metre parabolic mosaic mirrors equipped with very simple tracking
devices (keeping the mirrors directed towards the Sun) with the price of euro 1800 per unit.
The glass mirrors used by Tinytech India are, essentially, a somewhat smaller version of the
large parabolic reflectors of the Ben Gurion University of the Negev and Solar Systems.
Tinytech India is currently developing a solar power plant based on such mosaic mirrors
and steam engines. The estimated cost of the whole system is about euro 2,000 per
kilowatt, but if the steam engines are replaced with photovoltaic panels equipped with an
efficient cooling system and homogenizing optics distributing the sunlight evenly, the same
system could produce at least six times more electricity with a very low cost, indeed.

Low-Concentration Photovoltaics
The so called low-concentration photovoltaics is also an important possibility which
should be mentioned separately because its strengths and weaknesses are very different
from the CPV technologies which concentrate sunlight hundreds or thousands of times. In
low concentration photovoltaics sunlight is concentrated only two or three times with the
cheapest and simplest flat mirrors that can be produced. This can be done on different
scales. The main strength of the approach is that flat mirrors are very easy and cheap to
manufacture, much cheaper than parabolic mirrors. Another benefit is that the production
of the system does not collapse completely even during a cloudy weather.

Solar CHP (Combined Heat and Power) and solar CCP (Combined
Cooling and Power)
Unlike solar power based on steam turbines or steam engines, concentrator
photovoltaic systems do not require more than a little bit of water. However, like most
other solar power installations, the CPV systems can be designed to produce, with only
marginal additional costs, both power and heat whenever there is demand for industrial
process heat, heat for desalination purposes or heat for warming the houses. This is
especially easy in connection with the concentrator photovoltaic systems which use very
large reflecting mirrors, because many such systems already use the ground as a heat sink
and channel heat into the soil through plastic pipes. With a little bit more complex
arrangement similar plants can also provide power and direct cooling for air conditioning or
for some other purposes.

Bio-fuels and other Biomass energy
Bio-fuel production can destroy tropical rainforests and peatlands and increase the
greenhouse gas emissions and hunger. But it could also protect the rainforests, tropical
peatlands and mangrove forests, reduce the greenhouse gas emissions, eliminate hunger and
absorb huge quantities of carbon dioxide from the atmosphere.
82

The most important thing is that bio-fuels must not be produced in ways that involve
the ditching and draining of tropical, temperate or boreal peatlands. Producing bio-fuels
this way is an efficient way to multiply greenhouse gas emissions. Rainforest areas should
also be left outside the bio-fuel programmes, because of their vast biodiversity and because
of the large reserves of organic carbon stored in the trees. It is a good idea to choose crops
which do not require heavy doses of chemical fertilizer. The production of fertilizers
consumes a lot of fossil fuels, and the use of nitrogen fertilizers produces nitrous oxide,
which is a very strong greenhouse gas. It is also important to design the production so that
it does not compete with food production. For example the production of soya oil also
provides large amounts of protein-rich seedcake, as a kind of by-product. Soya seedcakes
have been processed to animal feed, soya grain, soya flour, soya cheese (tofu), soya cream,
soya ice cream, soya sausages, soya meat and tempeh. These products have made soya the
world’s most important protein crop, and most other oil seedcakes could be used in a
similar way. Special attention should perhaps be paid to the Indonesian habit of making
palatable and popular food, tempeh, from various kinds of protein-rich seedcakes with the
help of a fungus.
The most popular biodiesel plant in the semi-arid and sub-humid areas is currently
jathropa (Jathropa curcas). For example India and Pakistan and numerous African
countries are planning to plant jathropa on very large acreages. Some of the proposed
schemes have spoken about planting hundreds of millions of hectares, worldwide. Jathropa
plantations, unfortunately, have this far produced seedcake which is poisonous for both
humans and domestic animals. Thus the planting of jathropa has, in many localities,
directly competed with food production. However, some of the Mexican varieties produce
edible seed, edible oil and edible seedcakes. People in the mountains of the Mexican states
Puebla and Vera Cruz eat the seeds of these jathropa varieties after only a little bit of
roasting. International Programme on Arid Land Crops (Ipalac), a programme of Icrisat
(International Crop Research Center for Semi-Arid Tropics) in Niamey, Niger, has started
to disseminate two edible jathropa varieties (“Mexico” and “Las Pilas”) but its work has
suffered because of the programme’s lack of secure core financing. If the tens or even
hundreds of millions of hectares of new Jathropa plantations will, in the future, also
produce a couple of tons of highly nutritious, edible seedcake per hectare per year, the
world’s food security will be much improved. So it would be of utmost importance to
ensure adequate and secure financial resources for the Ipalac programme.
Environmentalists have criticized oil palm plantations because they have often been
established in tropical rainforests, but if the sites of the plantations are chosen differently,
oil palms are a very good choice. They are very productive: African oil palm (Elaies
guineensis) can yield 10 tons of oil per hectare per year, while the South American oil palm
(the peach palm, Bactris gasipaes) can give up to 15 tons. The remnants of the fruit bunch
and the seedcake are edible. Oil palms provide good soil cover against erosion and the oil
itself is highly oligotrophic and contains hardly any nutrients, so if only the oil is harvested
there is no need for heavy doses of chemical fertilizer.
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In all bio-fuel plantations the need for fertilizers can, of course, be reduced by adding
some crushed charcoal into the soil. This should also lead to major increases in the amount
of humus in the soil, thus making the bio-fuel cycle “carbon negative”.
The main shortcoming of the oil palms is that they have shallow root systems which
grow near the surface as thick bunches of small roots. Therefore it is not possible to grow
other crops between the oil palms if they are more than a few dozen on a hectare. It would
thus make ample sense to do some selective breeding on the most promising tropical or
subtropical oil tree species which have a taproot system. The West African safou
(Dacryoides edulis) deserves special attention because it can, already in its wild form,
produce almost as much oil as the present oil palm cultivars, and because it does not
compete much with the surrounding crops. Safou can easily be integrated in various
tropical multi-storey home-garden systems, food-producing vines like yam can be grown on
its trunk and it can even be used as a shade tree for coffee.
Palms, especially the nipa palm, are also an excellent source of fuel ethanol (see also
the part about mangrove forests).
In an ideal case the tropical bio-fuels should be grown on hundreds of millions of
small farms, together with other kinds of crops, and not on a small number of vast
plantations owned by giant corporations or wealthy individual landowners. This way the
bio-fuel production would have a strong stabilizing impact on many societies.
In the northern areas the most ecologically sustainable way to produce bio-fuels is to
grow aspens, poplars, birches or other fast-growing broad-leaved trees. The largest
biomass yields have been achieved with a thick growth of willows on a heavily fertilized
field. However, it makes better ecological and economic sense to grow a smaller number of
aspens or poplars or birches on ordinary forest lands. If the trees are relatively large when
they are cut, much less fertilizers are needed because only the small branches and the leaves
and needles contain substantial amounts of nutrients. Wood can be burned to produce heat
or used in heat and power co-generation (CHP). A third recommendable option is to
convert most to the wood’s energy content to charcoal and wood oil (bio-oil, pyrolysis oil)
and to use the waste heat to produce electricity and district heat. There are numerous
different technologies which are now used in biomass-based CHP plants of varying sizes.
Wood can also be converted to fuel alcohol. More easily decomposing forms of biomass
can be converted to biogas, which is typically 70 per cent methane and has a high energy
value.
As a general rule it can be said that the actual photosynthesis is not a very inefficient
way of harnessing solar energy. Its efficiency is 28 per cent, but only with the so called
photo-synthetically active wavelengths between 400 and 700 nanometres, which make
about 50 per cent of the Sun’s radiation. About 10 per cent of the photo-synthetically
active radiation is reflected back and lost. These factors reduce the theoretical maximum
efficiency of plants as solar collectors to 9.4 per cent. Of this the C4 plants require about
40 per cent for their own metabolism, so the maximum drops further to 6.7 per cent. With
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the C3 plants it drops to 3.3. per cent because of their extra photorespiration losses which
happen when they become saturated with sunlight.
Thus the theoretical maximum production of the C4 plants in a temperate climate is
55 tons of organic carbon per hectare per year, or roughly 110 tons of dry plant biomass. In
the tropics larger yields are theoretically possible because the amount of sunlight is much
larger. This theoretical maximum production is in practise never reached because of the
lack of water and nutrients and because most plants do not grow rapidly throughout the
year. But in ideal conditions it is possible to get quite close to these figures, especially if
several different species complementing each others’ growth cycles are grown together.
With single-celled algae growing in water, the respiration losses can be smaller and even
higher levels of productivity can be attained.
In a nutshell, these figures mean that we can replace fossil fuels with bio-fuels if we
want to do so.

Burning Wood at Home
My home country, Finland, is nowadays a kind of wonderland of high technology, but
it has not invested in renewable energy technologies because the political and economic
elite has been a bit too excited about nuclear power. However, there is at least one
genuinely important piece of energy technology which has come from Finland: the so
called Finnish brick oven.
The Finnish brick oven was invented by Dr Heikki Hyytiäinen in the 1970’s as an
improvement to the already existing, traditional technologies. In Hyytiäinen’s design there
are two separate combustion chambers which are separated by a narrow flue channel, “a
throat”. When fire is lit in the lower chamber the rising flue gases attain a very high speed
in the narrow throat. This creates a strong vortex into the upper burning chamber. The
temperatures become quite high in the upper chamber and the burning gases, oxygen and
soot particles are efficiently mixed by the vortex. After the upper chamber the glue gases
go down by the side-channels and then finally up into a chimney.
The design results in a phenomenal efficiency (around 90 per cent) and produces a
very clean burning. Small particle emissions are very small, and most of them are produced
when the fire is lit. These emissions can be further reduced by lighting the fire from the top
(and not from the bottom) and by using as large chunks of wood as possible (the amount of
particle emissions is influenced by the combined surface area of the burning wood). It is
also possible to install a particle filter into the chimney but the climatic impact of such
filters is not, at the moment, very clear. In any case it is important to use only properly
dried wood, the burning of moist wood produces very large black aerosol emissions. The
best material for the Finnish ovens are fire-cured clay bricks. The innermost bricks have to
be able to resist temperatures amounting to 900 degrees Celsius.
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Wind Power
Only some of the wind parks which have been installed, this far, have been genuinely
sustainable without government subsidies. However, the prospect of the wind power is still
improving with the advances in material sciences. When the blades of a wind rotor become
ten times longer the area swept by them and the amount of energy collected becomes one
hundred times larger, so up to a certain point it makes sense to construct as large wind-mills
as possible. The world’s largest windmills are now in Germany and have a capacity of 5
megawatts. The economically optimal size will probably be reached around 10 or 15
megawatts, after this the material costs are likely to rise faster than the production of power.
If the real mass production of small, horizontal or vertical axis windmills will ever
become a reality, they will also become an economically competitive option. Vertical-axis
windmills can be designed so that they are totally silent and do not cause significant visual
pollution. Thus they could be installed even on roof-tops in an urban environment, on top
of various poles etc.

Hydroelectric Power
Many hydroelectric power plants produce practically no greenhouse gases. However,
if the reservoirs flood relatively flat lands whose soils contain large amounts of organic
matter, large greenhouse gas emissions may be created. In the worst cases very small dams
producing minuscule amounts of electricity have flooded vast peatland areas. Such
hydroelectric plants cause larger greenhouse gas emissions for each megawatt of power
than any other known form of energy production.
Individual dams and the adjoining reservoirs have been reported to produce at least
three and a half times more greenhouse gas emissions for each megawatt than a typical
coal-fired power plant, even if we consider methane to be only 20 times stronger
greenhouse gas than carbon dioxide. If we take a shorter perspective, according to which
the global warming potential of methane is more than one hundred times stronger than that
of carbon dioxide, the greenhouse gas emissions from the mentioned hydroelectric plants
become more than 20 times larger than the emissions from coal-fired thermal power plants.
If the water height of the reservoir varies, this level of emissions can be a permanent feature
and not only a temporary phenomenon, because the vegetation grows back when part of the
reservoir is dry and decomposes when the reservoir is flooded.
Forced displacement of many people is often a major problem related to large
reservoirs. However, there are nowadays a number of technologies which make it possible
to produce hydroelectric power in smaller and larger rivers even without any kind of dams.
Cased turbines can be placed in pipes which lay under the water and which will not even be
visible to the surface.

86

Modern Thermoelectric Cells
Thermoelectric cells are semi-conductor cells which can transform temperature
differences to electric power. The concept was first discovered by the Estonian Thomas
Johann Seebeck in 1823. Thermoelectric cells have long been considered a marginal field
with no real scope in energy production, but this is now changing due to the advances in
material sciences. For example in some new Japanese nuclear power plant designs steam
turbines have been replaced by modern thermoelectric cells. Also, the technology
developed by the Icelandic Varmaraf and the British PowerChips looks very promising. If
highly efficient thermoelectric cells become a reality, they can be used to convert for
example solar heat and geothermal heat to electricity. The residual heat of the already
existing coal, gas or biomass-fired plants and nuclear power plants could also be harnessed.

Geothermal Energy
Geothermal power is already a cheap form of energy in volcanically active regions.
However, Iceland is developing two technologies that may multiply the economic
possibilities of this form of energy production. First, the Icelanders are trying to develop
geothermal plants that use supercritical steam. If this succeeds, each hole can produce up to
ten times more electricity than before. The potential other benefits include the possibility
of combining energy production with mining. There are all kinds of metals dissolved in the
deep, hot water, and it may be profitable to collect them as a by-product. Because many
rare elements are already becoming scarce, it is even possible that most of the mining in the
future would be done this way, as a side-activity of geothermal energy production. Another
technology the Icelanders are spearheading is the use of modern thermoelectric cells in the
production of geothermal power. These two new cutting-edge technologies might make
geothermal electricity one of the really Big Ones in the energy sector.

Saving the World by Burning the Peat?
The International Peat Association and a couple of members of the European
Parliament eagerly supporting the industry have been promoting an ingenious partial
solution to global warming. According to their brilliant brain-child the European Union
should reclassify peat, and no longer call it a fossil fuel but a form of slowly regenerating
biomass. According to the proposal this would increase peat production and thus reduce
greenhouse gas emissions, because the burning of peat is only producing 15 million tons of
carbon emissions per year while the peatlands are absorbing perhaps 70 million tons of
carbon.
The logic and mathematics behind the proposal have not convinced many people. It is
easy to understand why it has been so. If the peat production is increased so that 70 million
tons of carbon is emitted annually by burning peat, instead of the present 15 million tons,
we have in practise eliminated an annual carbon sink equivalent to 55 million tons, and
added this amount of carbon into the load annually entering the atmosphere. If OPEC
would reclassify oil and China coal as extremely slowly regenerating forms of biomass, this
would not necessarily go very far in solving the carbon dioxide problem.
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Detailed calculations show that if you make bio-fuel for diesel engines from peat you
actually double the carbon dioxide emissions of a vehicle. And even this calculation does
not take into account the fact that peatlands are often converted for farming purposes after
the production of peat has stopped. In other words, peat production creates new peatland
fields. This is bad because the remaining or residual peat keeps on decomposing, which
can create large additional carbon dioxide emissions. After so much peat has decomposed
that the fields can no longer be kept dry even by intensive ditching the area has to be
abandoned. After that it again becomes a natural swamp and it begins, once again, to
absorb carbon dioxide from the atmosphere. But it is now a swamp largely covered with
watery surfaces instead of peat surfaces, and this is dangerous because as a general rule the
watery surfaces on swamps produce dozens of times more methane than the surfaces
covered by peat. The intensive methane production only halts when the peat layer has been
regenerated, after a few thousand years.
If the proposal is adopted by the European Union, there is a danger that other
countries with large peat reserves like Russia, Canada and Indonesia would follow Europe’s
lead. The world’s peatlands may contain more carbon than the remaining oil reserves. Is it
really a good idea to argue that this carbon store should be treated like slowly regenerating
biomass?
A better option would be to burn the sphagnum moss as biomass before it becomes
peat. Peatlands are often relatively productive because they are wet and because the
sphagnum mosses grow very quickly. A hectare of peatland can annually produce an
amount of moss equivalent to five tons of carbon. Most of this will be quickly released
back into the atmosphere as carbon dioxide when the older layers of moss decompose. The
moss that is decaying deeper in the peatland produces methane. In the long run, about 2 per
cent of the biological production of the peatland will be stored in the form of peat.
However, the moss produced during the latest summer can also be burned, if it is first
dried in the sun and then compressed a little bit. I have been experimenting with “pellets”
made of sphagnum moss grown during the same summer, and the dried moss definitely
burns, even in small stoves, even though in them it seems to produce a lot of particle
pollution. Collecting only the topmost layer of mosses from the peatlands, every summer,
would in the long run produce tens of times more energy per hectare than the burning of the
peat. Of course, this should be done so that the methane production of the peatland will
not be increased by such an activity. Another option would be to collect the methane
forming inside a peatland with a similar pipe system as is often used in garbage dumps for
the same purpose. Experiments in the 1970’s showed that this is technically feasible. The
system was not economically profitable in the 1970’s but it would produce large negative
greenhouse gas emissions because it would reduce the natural methane emissions from
peatlands.

Ordinary Nuclear Reactors
Because of the anti-nuclear campaigns of the environmental movements, the safety
measures of the existing nuclear power plants have been greatly improved. This far the
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safety record of the nuclear power industry has been excellent: hundreds of reactors have
been operated for decades without a single full-scale accident.
In Chernobyl about 0.5 per cent of the radioactivity inside one nuclear reactor – 50
million curies, according to the International Atomic Energy Association - was released
into the atmosphere. This may result in a few tens of thousands of premature deaths, if we
adopt an estimate representing the middle-ground between different predictions. According
to the approximately 700 studies conducted by Russian, Belo-Russian and Ukrainian
scientists about the subject the final death-toll of the accident will be substantially larger,
while most western researchers have quoted much smaller numbers.
However, even though there have never been any full-scale nuclear power accidents,
one may some day happen as a result of an accident or a terrorist strike. In the worst case
scenarios up to 50 billion curies of radioactivity might then be released from a single large
nuclear reactor. If a major part of the radioactive fallout would be in the form of aerosols,
small particles and nano-particles which can easily be inhaled into the lungs and which may
then stay in the human body for decades, very large mortality figures should be expected.
Numerous genetic defects (mutations) could also take place in the human population, and
many of them could be endlessly transferred from one generation to the next as new
hereditary diseases and cancer-causing onco-genes as long as there are humans living on
this planet. Above all, the cumulative burden of the new hereditary diseases and oncogenes could be expected to increase for a very long time, for millennia, due to the longlasting nature of radioactive pollution.
Another problem is that even an ordinary nuclear power plant annually produces a
relatively large amount of plutonium. A 1000-megawatt plant might produce 30 tons of
used nuclear fuel per year, each tonne containing 15-20 kilograms of plutonium. This is a
serious issue because plutonium is the easy road to a nuclear weapon. If a nuclear weapon
is to be produced from uranium 235 Manhattan Project-sized industrial development is
required, because it is very difficult to separate the different isotopes of uranium. In
practise thousands of elaborate, fragile and expensive gas centrifuges have to be operated
for a couple of years.
Plutonium, on the other hand, can be extracted from the used nuclear fuel through a
simple chemical reaction, just by dissolving the fuel rods into a strong acid. For example
North Korea was able to produce an atomic bomb with this method in less than a year after
George W. Bush’s astonishingly irresponsible Axis of Evil-speech. Contrary to public
belief, plutonium exists in nature also, but only in tiny quantities and in very difficult
places. The minerals bubbling to the surface in the hot springs known as fumaroles
sometimes contain up to 20 grams of plutonium per tonne. But this concentration is one
thousand times smaller than in the uranium fuel which has spent some time inside a
working nuclear reactor.
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Pebble-Bed Modular Reactors (PBMRs)
The so called pebble-bed modular reactors – which are being planned for example by
China and the Republic of South Africa - are cheaper to construct and more efficient in
producing electricity than conventional nuclear reactors, because they have replaced the
steam turbines with gas turbines. The gas heated inside the reactor runs the gas turbine
directly. The negative side is that the release of the reactor’s radioactivity into the
atmosphere in the form of highly radioactive aerosols, in case of a serious accident, has
been almost automated by the design. The nuclear fuel has been placed inside tens or even
hundreds of thousands of small carbon balls, or graphite pebbles. As long as the inert gases
running the turbine are willing to stay inside the reactor everything is OK, but if the gases
decide to leave the reactor they will be replaced by air. If there is air, the graphite in the
pebbles behaves like carbon does when it is heated to 1500 degrees Celsius.

Fast Breeder Reactors
If the world’s governments want to increase the production of nuclear power
substantially, this will unavoidably mean either fast breeder reactors or fusion reactors,
because the existing natural uranium fuel reserves will quickly run out. We do not know,
yet, whether it is really possible to construct functioning fusion reactors, but we can
definitely build fast breeder reactors which are able to produce more nuclear fuel (usually
plutonium) than what they consume. According to the experience of the nuclear industry it
is realistic to aim at a breeding ratio of 1:1.2. This means that five breeder reactors can
produce their own fuel plus the fuel for one ordinary nuclear power plant. If for example
20 per cent of all energy would, by 2100, be produced by nuclear power, this might mean
6,000 large (1000 megawatt) nuclear power plants. Of these 5,000 should be fast breeders
and 1,000 could be ordinary nuclear power plants.
Normal nuclear reactors use fuel in which the uranium 235 content has been enriched
to 1.8 – 4 per cent. The various fast breeder designs use fuel which contains 15-60 per cent
uranium 235 or plutonium 239. This means that it is possible to construct nuclear bombs
from the fuel of a fast breeder reactor without any further enrichment, the bombs only
become a little bit heavier than the bombs made of the so called weapons grade uranium,
containing 93 per cent of uranium 235. With weapons grade uranium 20 kilograms is
needed for making a Hiroshima bomb, with fast breeder reactor fuel containing 20 per cent
of uranium 235 about 400 kilograms are needed, but this is still manageable. Some fast
breeders which belong to the Rapid class use uranium fuel in which the uranium 235
content has been enriched to 60 per cent. This is already uncomfortably close to the strength
of weapons grade uranium.
Fast breeders use either liquid sodium or liquid lithium as their coolant. This makes
them especially vulnerable to floods, tsunamis and sabotage, because both elements
explode if they get in touch with water or air. In other words only a small tear or hole in
one cooling pipe could lead to the rapid destruction of the whole cooling system in a chain
of sodium-water or sodium-air explosions. If breeder reactor fuel first melts and then cools
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and recrystallizes, the possibility of a major nuclear explosion cannot be excluded. This
cannot happen in ordinary nuclear power plants: the first event in Chernobyl was a nuclear
explosion but it was tiny because the uranium 235 content of the fuel had only been
enriched to 1.8 per cent. Most of the original damage in Chernobyl was actually done by
hydrogen and steam explosions. In any case the radioactive fallout from a breeder reactor
accident would be extremely lethal, much more so than what would be the worst-case
scenario in an ordinary nuclear power plant.
When the Boxing Day Tsunami hit the coastal areas in many Asian countries in
December 2004, it also washed over a fast breeder reactor under construction at the coast of
the State of Tamil Nadu as a seven-metre-high wall of water. Luckily the reactor had not
been finished and there was only a large slab of concrete when the tsunami came. If the
tsunami had come ten years later, the whole world would have changed, overnight. It
would have become a very different place from the world now known to us.

Deuterium-Tritium Fusion Power Plants
ITER (International Thermonuclear Experimental Reactor), the joint fusion power
project by Japan, USA and the European Union, has been hailed as an effort to produce safe
and non-polluting nuclear energy. We are being told that such fusion reactors would not
produce any dangerous radioactive waste, unlike the present nuclear power plants. It is also
said that in ITER-type fusion power plants it is not necessary to deal with dangerous
radioactive substances like plutonium and uranium. This could be a cynical plot organized
by the nuclear power industries in order to get massive doses of free public money from the
governments, or it could be that the trust in fusion has become almost like a new religion.
In any case it would be fair to inform the public about the factual reality of fusion.
ITER would in practise burn deuterium and lithium 6, broken down to tritium .
Tritium and deuterium are not exactly harmless substances, they are the main ingredients in
thermonuclear bombs (fission-fusion bombs and fission-fusion-fission bombs). Tritium is
approximately half a billion times more radioactive than uranium 238. Therefore it is used
as the trigger in many ordinary fission bombs, and a few grams of tritium or lithium 6 and
deuterium multiplies the explosive strength of a fission nuclear weapon. You can make a
truly massive atomic bomb if you have some lithium 6, 270 grams of very pure uranium
235 (or a little bit smaller amount of plutonium 239) and a lot of natural uranium. The
explosion of the uranium 235 or plutonium 239 core triggers fusion reactions in the second
phase of the bomb, consisting of lithium 6 or lithium 6 and deuterium (which can be
distilled from ordinary sea water). This produces so much heat and neutrons that if the
bomb has been surrounded by a thick mantle of ordinary uranium 238 or natural uranium,
many of the uranium 238 atoms will split, even though uranium 238 can not experience a
proper chain reaction. The USA exploded such a hydrogen-uranium bomb (Castle Bravo)
in the Bikini atoll in 1954. Hydrogen-uranium bombs produce very lethal radioactive
clouds, which are in some ways even worse than the fallout that would be produced by a
cobalt bomb. Castle Bravo’s fallout made people fall ill even on coral islands which were
five hundred kilometres away from the ground zero, and this was still a rather small bomb.
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Moreover, an ITER-type fusion power plant would not produce clean nuclear power.
It would most probably produce a couple of times more dangerous nuclear waste than an
ordinary nuclear power plant. ITER would not produce used nuclear fuel rods, but the
whole mantle of the plant becomes very radioactive and has to be changed at least once in a
few years, possibly even more often than this.
The material of the mantle then becomes highly radioactive nuclear waste, and there
will be a lot of it. The problem arises from the fact that the fusion of deuterium and tritium
produces neutrons and not protons. Since neutrons do not have an electric charge it is not
possible to direct them by strong magnetic fields. Thus they hit the reactor’s mantle and
make it very radioactive. For the same reason nuclear fuel has typically become almost one
billion times more radioactive when it comes out from the reactor. When nuclear fuel goes
in the reactor it typically contains about 0.32-0.36 curies of radioactivity for each ton, when
it comes out it contains 300,000,000 curies per ton. This is because of the induced or
artificial radioactivity, radioactive impurities which have been created by the intensive
neutron bombardment inside the reactor. The neutrons created by the deuterium-tritium
fusion will do the same thing for the mantle of a fusion power plant.
The US senator and Apollo astronaut Harrison H. Schmitt – for the time being the last
person who walked on the Moon - has discussed the differences of various fusion power
plants for example in his book Return to the Moon.

Helium 3 Fusion Power Plants
A fusion power plant based on the reaction of two helium 3 atoms would not produce
much radioactive waste because helium 3-helium 3-fusion produces protons which have a
positive electric charge and which can therefore be directed by magnetic fields. However,
the nearest significant sources of helium 3 are the solar wind, the Moon (whose loose
sediments contain up to 20 parts per billion of helium 3) and the atmospheres of Jupiter and
Saturn. A research team in the University of Wisconsin (USA) has calculated that the
mining of the Moon’s helium 3 reserves for fusion power plants might become
economically profitable if we can reduce the price of delivering equipment to the Moon to
USD 1,000 per kilogram. At the moment it costs USD 10,000-15,000 per kilogram to
reach the low-Earth orbit at the height of 200 kilometres from the Earth. The Apollo
flights delivered material to the Moon with a kilogram price that was slightly less than two
million dollars. Advances in rocket, space tether and solar technologies may change these
equations, but they are not likely to make the lunar helium 3 mining economical compared
with the new CPV technologies or geothermal energy using supercritical steam.

How to Reduce the Black Aerosol Emissions?
At the moment the most problematic issue related to global warming are the black
aerosols, tiny soot particles and tar balls produced by the burning of fossil fuels or biofuels. Most aerosols like sulphur, ash and dust particles, pollen and other bio-aerosols
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produced by the trees, plankton and other living vegetation have a cooling impact on the
climate because they reflect sunlight back to space. The situation is more complex when it
comes to black aerosols. Even the black aerosols do provide some shading which cools the
planet. But they also heat the atmosphere like the greenhouse gases: because the soot and
tar particles are pitch black they absorb sunlight efficiently. At the moment it seems that
the black aerosols’ dominant impact is global warming, except when they are very high in
the atmosphere. If they are high enough, it does not really matter if the black aerosols heat
the surrounding air, the heat will anyway be lost to space.
This far things are more or less clear. Even though there are major uncertainties in
the estimates on exactly how large part of the global warming the black aerosols are
responsible for, they are an important factor. The problematic part is that we do not really
know what we should do for them. Particle filters installed in cars and chimneys do reduce
the amount of black aerosol emissions, when they are counted in grams. However,
according to some studies the number of black carbon particles increases when filters are
installed. In one study particle filters and other improvements in the engines increased the
number of the particles 14,000 times, while greatly reducing the emissions counted as
grams. It seems that the larger particles act a little bit like dust sweepers, smaller particles
stick to them and are thus removed from the air. The particle filters are only able to take
out the relatively large particles and when they are removed, the number of very small,
micron and nanoscale particles increases.
This is a major complication, because the average size of the soot particles and tar
balls is much more important than their overall mass. One gram of 0.1 micron particles
has, in the atmosphere, a hundred times larger combined surface area than one gram of
particles which are, on average, 10 microns by diameter. The smaller the particles the
larger black, radiation-absorbing surface area they have in relation to their combined
weight, both in the air and after they have dropped down, on the snow, on the floating ices
of the Arctic or on continental glaciers. Besides this the smaller particles can stay up for a
longer time than the large particles. The large soot particles fall down in a couple of hours
or days, but the much smaller ones can remain in the atmosphere for years. The very tiny
and light particles also have a better chance of floating far and falling down over the polar
areas, where they can do the maximum damage.
In other words we do not really know, yet, whether the particle filters are cooling or
warming the planet. The safest bet might be to replace the internal combustion engines and
diesel engines by electric cars, and to produce the electricity by renewable means. Electric
cars would anyway be the cheapest and best long-term solution from the consumer
viewpoint. Electric engines can drive the wheels directly. Therefore electric cars can have
a phenomenal efficiency of 95 per cent, which is very high compared to the internal
combustion engines (20 per cent), diesel engines (30-35 per cent) or even fuel cell motors
burning hydrogen (40 per cent). Because electric cars are much simpler and because they
have very few moving parts, they last much longer than ordinary cars. Because they are so
simple they can be lighter than ordinary cars, which further reduces the consumption of
energy.
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Another good option are the so called Elsbett engines. Elsbett engines have
two important benefits: they have an efficiency rate comparable to the present fuel
cell engines (around 40 per cent) and they can use non-processed (non-esterized)
vegetable oil as their fuel. The esterization of vegetable oils consumes about 15 per
cent of the original energy content of the oil, and costs 50-100 euros per tonne.
Above all, when non-esterized vegetable oil is burned, the soot particles tend to be,
on average, very large, almost gigantic. The Elsbett engines seem to produce about
the same amount of soot particles, when counted in grams, as ordinary diesel engines
which have not been equipped with particle filters, but most of the particles are very
large.
One of the easiest ways to reduce black aerosol emissions might be to spread
solar cookers and better cooking stove designs in the South, where about three billion
people still cook their food with very simple and highly polluting cooking stoves
using small wood, cow dung or even straw and grass. Such cooking methods produce
a large amount of soot particles because the combined burning surface area of all the
small branches can be very large and because most of the cookers used in the Third
World have not been designed to minimise particle emissions and to achieve a
complete burning of the soot and flue gases. In many cases the small branches have
even not been properly dried before burning, which can also multiply the emissions.
According to one study at least one third of the soot particles falling on the northern
ices and snows have come from South Asia. Improved cooking technologies have the
potential to save millions of lives, every year, because the climate-warming soot
particles and tar balls are also dangerous for the health of the people who inhale them
into their lungs.
However, two problems have slowed down the spread of solar cookers so that
only a few million and not billions have been produced. First, most women in the
tropics like to cook inside the kitchen and not outside, partly because of different
cultural reasons and partly because it is very hot outside, in direct sunlight. This
problem could perhaps be solved by planning houses, kitchens and yards so that they
provide some shade for a person using a solar cooker. The second problem is that
solar cookers cannot be used during evenings, nights or early mornings, when it rains
or when there are heavy clouds. Many women work during the day and the working
days can be long, so cooking is often done after the sunset. For these reasons people
realise that they can only do a part of their cooking with solar cookers. If people
think that they will anyway have to acquire another kind of stove, as well, solar
cookers become a luxury. They are not seen as a good enough investment by the
poor and middle-income families.
We should perhaps stop calling the simple parabolic reflectors “solar cookers”
and instead call them “multi-purpose parabolic reflectors”, highlighting the point that
they can also be used for other purposes, with only marginal changes in their designs.
When a transparent plastic bottle is put on the focal point of a parabolic
reflector (instead of the cooking pot) the reflector becomes a solar disinfection
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device, sterilizing the water and killing all kinds of disease-causing viruses, bacteria,
protozoa and parasite eggs with concentrated ultraviolet light. This is a much
cheaper, safer and more effective way to sterilize the drinking water than boiling it.
If some hot water for washing purposes is needed, a larger transparent water bottle
(for example fifteen litres) can be placed at the focal point of the reflector. During
the winter the same system can be used to warm the houses during the nights. If the
water in the fifteen-litre bottle is heated to 90 degrees Celsius during the day, and
then taken inside in the evening, the water will cool during the night and release
roughly as much heat as a 300-watt electric heater operated for three or four hours. In
the future the same parabolic reflectors could even make electricity, if the
manufacturers of concentrator photovoltaic cells and thermoelectric cells can be
persuaded to provide very small, hand-sized or stamp-sized units that can be placed at
the focal points of one or two square metre-sized parabolic reflectors. A multipurpose parabolic reflector that can sterilize water, heat the house, produce warm
water, cook and make electricity would be a much more lucrative investment for the
poor and middle-income households than a similar reflector that is only seen as a
solar cooker, so that billions of pieces might finally be produced.
Trees planted in cities and on roadsides remove large quantities of black
aerosol particles and nitrous oxide from the air as long as they keep on
photosynthesising and respiring. Northern conifer species, especially pines, can keep
on respiring even when the temperatures are a couple of degrees below the freezing
point of water. Trees are especially effective in absorbing the nano-particles which
are difficult for artificial particle filters.
It might be a good idea to develop breathing construction materials which
could also act as nano-particle-filters. Actually, it is possible that well built traditional
wooden houses are already capable of doing this, at least if they have been heated
with wood for a long time. The burning of wood inside a house consumes huge
amounts of oxygen, so new air has to flow in between the planks and timbers, through
the various breathing insulation materials which have been stuffed between the
various pieces of wood. The incoming air will inevitably contain all kinds of small
and nano-particles like pollen, soot and dust. When the air streams through the saw
dust used as an insulation material, much of this particulate matter should become
stuck in the larger saw dust particles. These small particles should make, little by
little, the layers of insulation materials still better sieves and air purifiers so that they
will soon be able to filter even nano-particles from the air, unlike the mechanical airexchange systems. This is, unfortunately, still a purely theoretical assumption,
because I have not found any research data which would confirm the hypothesis.
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Annexure I

South-Asian Dialogues on Ecological Democracy
► Vijay Pratap & Sirpa Rovaniemi

The concept Ecological Democracy gives orientation to the work undertaken in the
South Asian Dialogues on Ecological Democracy (SADED) framework.
The practical work of SADED is the outcome of collaborative and creative work by
many individuals and organisations forming a network or web of efforts, which does not
have one centre. However, many SADED activities have been born out of the co-operative
work undertaken by Vasudhaiva Kutumbakam, CSDS, Lokayan and Siemenpuu. Here the
conceptual and political context and activities of SADED will be briefly presented
The democratic control of natural resources is integral to the deepening and
expansion of democracy, and to the survival of humankind. In this respect the
johannesburg World Summit on Sustainable Development disappointed all those who had
any sensibility towards issues of ecological sustainability and equitable development of the
humankind as a whole.
Modern science, social and economic processes, and policies tend to fragment life,
issues and people’s ways of looking at them. Democracy has come to mean merely
representative political structures.
Despite this dominant thrust of institutionalisation over the past 200– 500 years,
which has culminated in the present processes of monopolistic, hegemonic, and humanly
disempowering globalization, there is another perspective on democracy which is still
widely espoused, intellectually and intuitively. It is an idea about relationships being based
on equality, mutuality and respect for individual interaction – between family members,
between communities, between human beings and the rest of nature, between genders;
interaction in the market and the nation.
The challenge for all of us is to build politics around this perspective to channel all
institutions towards everexpanding and deepening democratisation.
No one organisation can aspire to fulfil the need for all the various types of
interventions required to realise democratic values in all walks of life. What is needed is not
a structure for unifying or homogenising the diverse, but rather a way for us to relate to
each other, an attempt to ‘own’ each other and nurture each other’s democratic
interventions despite differences.
We need a space for enabling ideas or concerns about democracy and a platform for
diverse interventions, a forum where people from diverse backgrounds can come and
share their work and create new coalitions, without necessarily merging their respective
institutional/ organisational identities.
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Vasudhaiva Kutumbakam (The Earth is a Family)
A network called Vasudhaiva Kutumbakam (The Earth is a Family), a Coalition for
Comprehensive Democracy, aims from this perspective at furthering, strengthening and
deepening democracy in the economic, social, political, cultural, gender and ecological
dimensions of life, from local to global levels.
We need an effort to engage civil society in dialogues on a number of crucial issues
at various levels: local, regional and international. The dimensions can be articulated as:







Empowerment of the daridranarayan, the ‘last person’ (Economic Democracy),
Ecological regeneration and people's control over natural resources (Ecological
Democracy),
Ensuring human dignity (Social Democracy),
Strengthening plural co-existence (Cultural Democracy),
Deepening of democratic structures and institutions (Political Democracy),
Evolving gender identities, relations and practices based on mutuality, equality and respect
(Gender Democracy).
In the current phase of a phenomenal upsurge of democratic aspirations, new norms
have to be agreed upon through a process of participatory dialogue – even with the
adversary – at various levels of human collectivities.
One has to recognise the complementarity of the other's 'truth' and consciously avoid
being judgmental regarding the other's viewpoint. The critical evaluation of other
viewpoints has to be in an idiom, which encourages moderation and introspective
engagement on all sides. Such processes are unfolding and can consciously and actively
be pursued today.
People in South Asia have long cherished values, which, in modern times, are best
expressed under the rubric of 'universalism' and various dimensions of 'democracy'. Before
the colonial interventions of the West, even when there were rulers of foreign origin, the
participatory mode of governance from the grassroots to the top, devolution of political
power at all levels, and cultural plurality were hallmarks of our sociopolitical system.
We had our own failings, such as the obnoxious practice of untouchability. The
communitarian principles manifested through the caste system degenerated into
hierarchical fundamentalism. But, despite all kinds of failings, the sense of Vasudhaiva
Kutumbakam has been part of our cultural sensibility since time immemorial. That is why
our socio-cultural diversity is a source of strength and, in fact, the primary defining force
behind our unbroken identity.

South-Asian Dialogues on Ecological Democracy
South Asian Dialogues on Ecological Democracy (SADED) is a network, which aims
at establishing ecological democracy in South Asia. The objectives of SADED are to
prevent deepening of the crises in South Asia that have roots in ecology and natural
resource use patterns, and to consolidate ecological democracy efforts in the critical
ecozones while providing academic, intellectual and ethical support to the people as well
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as the civil society groups, so that they have platforms to share their local/indigenous
ecological wisdom with each other.
SADED’s efforts, therefore, have aimed at strengthening and consolidating dialogues
on ecological democracy. SADED aims at bringing together knowledge and experiences of
the ways to improve the people’s control over natural resources in a sustainable and
equitable manner, so that this knowledge could be applied more widely in South Asia.
SADED also plans to connect with the representatives of diverse political streams in
various elected bodies at different levels in South Asia in the development of some form of
‘engaged’ advocacy.
We do not want to compete with the existing advocacy efforts but to supplement
them with an engagement, which advocates making debates holistic and critical, rather
than single issue oriented.
SADED works also in close collaboration with the Centre For the Study of
Developing Societies (CSDS), which is an inter-disciplinary social science research
institute reputed for its work on democracy.
One of the modes of enquiry and a way to influence the debate has been through an
interface between intellectuals and activists. Lokayan, a small NGO in India was created
out of a project at CSDS on Dialogues on Development, Democracy and Decentralization
in 1980. In 1985, Lokayan was awarded the Right Livelihood Foundation Award.
SADED aims at increasing knowledge among the environmental movements, and
being party to preparing a vision for action at the local, national and international levels. It
also aims at creating a constructive dialogue about ecological democracy, especially at the
local levels in different parts of South Asia (India and Nepal in particular) and among the
grass root level movement groups, including organisations engaged in the empowerment
of dalits (socio-economically deprived ‘ex-untouchables’), adivasis (indigenous peoples)
and other socially and economically backward castes.

Local control and management of natural resources
The activists of SADED hope that the dialogues will lead to improved environmental
care through the local control and management of natural resources in many localities and
regions of South Asia.
If better environmental care and management of natural resources can again be
made part of the local culture (like it was before the colonial period), the practices
protecting the environment from destruction can be very long-lasting and sustainable.
Many such practices were an integral part of South Asian culture for thousands of years
before the colonial period.
Now Asia, and more particularly South Asia, will be worst hit with the global warming.
The predictions and assessments are staggering: one third of Bangladesh may be
submerged by the year 2050, and there is a danger of many islands, including the
Maldives, totally disappearing. This would have disastrous socio-political implications for
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Bangladesh, India and the rest of South Asia as those who survive the flooding may well
drown in the sea of poverty, misery and consequent social violence.
And even without climate change, malnourishment is becoming gradually aggravated
across the region, farmers in India are committing suicides and the violence against
women continues to intensify. But we do not want to paint a picture of doom.
The tragedies unfolding before us have also prompted a myriad of responses. Issues
considered earlier as belonging to the social work domain are increasingly seen as being
first and foremost political. Most importantly, there has been a gradual coming together of
diverse forces in a platform of resistance. These developments are happening both within
each individual country as well as across the region.
In this context, the South Asian vision for deepening of democracy – shared at heart
by many in other regions of the world, who build on other traditions, each with their
concepts and forms of expression – has become more urgent than ever.
The task cannot be left to civil society alone and it has to be taken to political levels
in each of the countries. Moreover, there is no shortcut for achieving this. It can be built
only through a sustained and regular process of dialogues among the different political
actors across all the countries in the region and beyond.

Revival of traditional knowledge systems on ecology
The history of democratic traditions predates the modern nation-state model of
democracy that was adopted in South Asia in the second half of the twentieth century.
Though not without contestation, the decentralised and local institutions for the conduct
and management of the social and community life evolved in South Asia already some
thousand years ago.
Whilst South Asia needs to engage in a dialogue with the other parts of the globe,
the South Asian dialogues have also a lot to offer to the global democratic dialogue.
India, for example, has the largest surviving population of indigenous forest dwellers,
whose ability to live in a sustainable way through centuries from the natural regeneration of
the forest contains valuable experiences and lessons to be shared for the survival of the
globe and its forests.
They belong to the 85 million people population of scheduled tribes classified in the
constitution, and they have recently acquired constitutional rights of minor forest produce.
Under the constitution, a formal consent should be acquired from the general body of the
villagers before executing any development plans in their tribal areas.
At the same time, the Indian knowledge systems on ecology and nature conservation
are experiencing a period of revival and new legitimation. Although the ‘developmental’
mindset of colonised India is still chasing the elusive American consumer paradise, there
are large numbers of experts, science policy planners and communicators (journalists,
social activists and cultural and literary groups and persons) who are devoting themselves
to the compilation of and documentation on issues of ecology and natural resources.
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Mutual learning about community forestry
If better environmental care and management of natural resources can again
be made part of the local culture (like it was before the colonial period), the
practices protecting the environment from destruction can be very long-lasting and
sustainable.
In the 1980’s and early 1990’s there was a lot of constructive dialogue and exchange
of ideas about ecological issues between Nepal and India. Nepal started to implement an
extensive community forest programme that was aiming to distribute about 60 per cent of
the country’s forest lands to local communities.
The programme quickly halted the depletion of forests in many parts of Nepal, and
the regeneration of forests was started on millions of hectares of land. The programme,
had it continued, would have benefited millions of rural families by increasing the amount
of food, fodder, organic fertilisers, mulch, good-quality firewood and small timber available
for them.
There was also mutual learning between India and Nepal about community forestry,
and many Indian states started community-forest programmes that were at least partially
based on the Nepali model.
All this has changed, because international institutions like the World Bank, IMF and
WTO are putting a lot of pressure on Indian and Nepali governments, demanding that the
community forest policies distributing large amounts of forest or farmland to rural
communities or indigenous peoples should be halted and reversed, and replaced by
policies promoting the full-scale privatisation of forest lands.
Also the civil war in Nepal has had disastrous consequences for both the nature and
the people, especially the poorer segments of the population. Therefore, it is very
important to increase the cooperation between the South Asian states so that they can
resist the fundamentalist demands put forward by the World Bank, IMF and
WTO.

The urgency of dialogues on democracy
Besides dialogues at the South Asian level, a larger framework of North- South
dialogue is necessary for supporting and sharing the aspirations of the South Asian
people. It was necessary also in the past, but now it has become urgent. If one is to borrow
the clichéd concept of ‘global village’, we cannot escape the fact that the diverse places
and peoples in the world are becoming increasingly integrated. However, the terms of this
integration have been one-way. The motives have been narrow and the outcomes rather
distressing.
The global North – both in the geographical as well as political sense – have set the
agenda of integration, whilst the South has had to follow. The South has increasingly
become either a market place for products, a repository of resources or a sink for the byproducts of production processes.
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The outcome has been a further marginalization of increasingly large sections of
people in the South. But the distress signals are beginning to blink in the North also. The
process is increasingly proving to be rather a losing track for the majority of the people in
the world.
A South-North dialogue in this context is of crucial importance. Democracy can
provide a foundational framework for that dialogue because of the fact that it embodies
some of the most universalistic as well as humane values for relations between humans
and between humans and non-human nature. The dialogues between civilisations can be
possible only within this framework.

SADED’s contributions to World Social Forum Processes
SADED organised a major dialogue in the Asian Social Forum in Hyderabad, India,
in 2003. The broad theme was ecological democracy, with emphasis on water, forests and
energy.
The preparatory work with various networks for the World Social Forum Mumbai
2004 revealed that an intensive process of dialogues on various dimensions of ecological
democracy is needed.
SADED decided to focus on producing and compiling comprehensionenabling
knowledge for the grass root groups on various dimensions of ecological democracy. The
preparatory work for WSF consisted of network meetings in different parts of India and
outside India, and the actual organising of the events in Mumbai World Social Forum in
january 2004.
Organising ecological democracy dialogues at the Asian Social Forum 2003 and
World Social Forum 2004 in Mumbai provided good opportunities to influence the debates
globally. The World Social Forum process has already been of major significance for the
movements working for another globalization, as well as for the new peace movement.
However, the environmental issues have not this far received the attention they deserve in
the World Social Forum process. SADED aims at making them part of the main agenda of
the WSF processes.
Adivasi people’s large participation in the WSF Mumbai 2004 was also a sign of
hope for the sustainability of ecology globally as they, with their frank and honest
expressions, invented a new idiom for ecological democracy. It was evident that without
adivasis (trib- al communities) the talks on ecological democracy would have been hollow.
It also emerged that the issues related to democracy at the local (village), panchayat
(autonomous local body), state and national levels remained important in India and
elsewhere in South Asia from the environmental viewpoint.
Ecological issues to WSF
For the first time, we were able to bring the ecological, green, adivasi issues to the
centre stage of the WSF’s self-organised events. Many of the important figures of the
ecological orientation participated in our events. After the WSF process was over in
Mumbai, our team members also got a big boost in their respective states like Andhra
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Pradesh, Maharashtra, Bihar, Madhya Pradesh, jharkhand, Delhi, Rajasthan, Haryana and
Uttarakhand.
In terms of international dialogue, in addition to the ecological issues, we were able
to draw the attention of European social democrats and other ‘progressive’ sections to the
plight and perception of our oppressed majorities. We could also communicate the
Vasudhaiva Kutumbakam (originally Gandhian) principle of ‘Last Person First’, which
informs all our governance, planning and policy formulations.
And in this endeavour, many South Asian as well as European organisations – like
Global Greens, Friends of the Earth, Centre for Equity Studies, Lokayan, SADED, Coalition
for Environment and Development Finland, Himalayan Peoples Forum, Uttarakhand
Chaupal, SIDH, Rajendra Prasad Academy, Swasthya Panchayat (people’s health
advocacy group), Siemenpuu Foundation Finland and South Asia Study Centre – were all
essential and integral participants.
At another workshop, The Challenges of Creating Ecological Democracy and Good
Governance in the Central Himalaya or Uttarakhand held in November 2002, it was
concluded that relentless efforts are essential for reviving the traditional ecological
knowledge systems if we are to stand for real ecological democracy. It was decided to
formulate a comprehensive policy perspective for good governance and ecological
democracy in the Central Himalaya.

Global charter of ecological democracy
SADED is aiming at building a global charter of ecological democracy, through which
various elements of our polity and civil society organisations should be able to relate to
each other. There are many documents of international significance that are relevant in this
work, and we shall try to combine the wisdom of these documents prepared by global NGO
leadership with the experience and knowledge systems of the South. Hopefully, such a
document will address the divide between environmentalists and developmentalists.
The general focus of the dialogues will build on documents prepared by an eminent
international group of activist experts, like the Earth Charter, Global Green Manifesto and
johannesburg Memorandum.
The aspiration of SADED is a synthesis of original social democratic dream, the
Global Greens’ dream and the new social movements’ dream, which aims at preparing a
global charter in a participatory manner, expressing the voices and visions of the majority
of the world’s people.
At this juncture in history, WSF appears to be the most promising paradigm for
intervention from grassroots to the global level. At WSF, think tanks from diverse
ideological, cultural, political and intellectual traditions are set into motion, providing a
space where leaders of dalits, adivasis, peasants, artisans, informal sector workers and
organised working class movements can come together for a creative engagement with
each other, and eventually form global alliances to implement the dream of not just saving
this planet from ecological disaster but also making it a better livable place.
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Annexure II

The Siemenpuu Foundation3
Our Goals
The Siemenpuu Foundation helps people in the South to get their voices heard while
also supporting their work in advancing citizens’ political and other decision-making
powers locally and globally. We also support the activities of our founding organisations
and other environmental and development movements both in Finland and in other
countries by producing and disseminating information on experiences and lessons learned
in the co-operation with Southern partners.
Mission
Our purpose is:
* To support civil society organisations in developing countries working for the
environment, biological and cultural diversity, social justice and democratisation
* To promote environmental protection and fulfilment of human rights
* To advance people’s opportunities for participation and to make the political decisionmaking processes more democratic and transparent
* To promote the co-operation between people’s movements, especially those that
concentrate on environmental issues and are critical about globalisation
* To deepen the general understanding about the opportunities and the threats for civic
action and the building of civil society in different continents
Vision
During the years 2005 – 2008 the Siemenpuu Foundation will:
* be a resource organisation promoting civil societies’ work for the environment, giving
special emphasis to vulnerable groups and politically sensitive issues
* be experimenting and exploring new innovative ways for South-North co-operation
* have wide knowledge about the different networks in the environmental and
development branch
* be creating awareness about the critiques and alternatives from the South concerning
e.g. Western consumerist lifestyle
* be supporting the political work and networking of its founding organisations as well as
other Finnish and Northern partners by the dissemination of information from the basis of
the work done in the South
* be increasing the awareness of the environmental challenges of the developing countries
in Finland
SIEMENPUU FOUNDATION, HAAPANIEMENKATU 7-9 B, 00530 HELSINKI,
FINLAND TEL +358-9-27 22 336, FAX +358-9-622 718 92 e-mail: info@siemenpuu.org

3

The Siemenpuu Foundation in Finnish means 'mother tree'. The Foundation has large
number of partners in India including SADED. For details, visit <siemenpuu.org>
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Annexure III

Climate Change Will Devastate South Asia
►

Daphne Wysham & Smitu Kothari4

A final draft of a report leaked from the Intergovernmental Panel on
Climate Change (IPCC) to the authors lays out shocking scenarios for India and the
rest of South Asia. The summary for policy makers that was released by the IPCC
on Friday is a call for urgent action globally. While shocking, the fuller final draft
version of the Second Working Group of the IPCC's Fourth Assessment Report,
which may be watered down before final publication, makes for even more sobering
reading: It lays out in explicit detail what lies ahead for India and the rest of Asia. It
also presents an opportunity for the country to take the lead in defining a more
secure and sustainable future for itself.
Here are some of the devastating consequences detailed in the
provisional February 16, 2007, IPCC report on Asia: Sea levels will rise by at least
40 cm by 2100, inundating vast areas on the coastline, including some of the most
densely populated cities whose populations will be forced to migrate inland or build
dykes — both requiring a financial and logistical challenge that will be
unprecedented. In the South Asian region as a whole, millions of people will find
their lands and homes inundated. Up to 88 per cent of all of Asia's coral reefs,
termed the "rainforests of the ocean" because of the critical habitat they provide to
sea creatures, may be lost as a result of warming ocean temperatures.
The Ganga, Brahmaputra, and Indus will become seasonal rivers,
dry between monsoon rains as Himalayan glaciers will continue their retreat,
vanishing entirely by 2035, if not sooner. Water tables will continue to fall and the
gross per capita water availability in India will decline by over one-third by 2050 as
rivers dry up, water tables fall or grow more saline. Water scarcity will in turn affect
the health of vast populations, with a rise in water-borne diseases such as cholera.
Other diseases such as dengue fever and malaria are also expected to rise.
Crop productivity will fall, especially in non-irrigated land, as
temperatures rise for all of South Asia by as much as 1.2 degrees C on average by
2040, and even greater crop loss — of over 25 per cent — as temperatures rise to up
to 5.4 degrees C by the end of the century. This means an even lower caloric intake
for India's vast rural population, already pushed to the limit, with the possibility of
starvation in many rural areas dependent on rainfall for their crops. Even those areas
that rely on irrigation will find a growing crisis in adequate water availability.
4

Daphne Wysham is a Fellow, Institute for Policy Studies, Washington and
Smitu Kothari is Director, Intercultural Resources, Delhi and Visiting Professor, Princeton
University.
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Mortality due to heat-related deaths will climb, with the poor, the
elderly and daily wage earners and agricultural workers suffering a rise in heatrelated deaths.
This grim future awaits India in the coming century. The irony is that
much of this damage will be self-inflicted, unless the country is prepared to make a
radical, enlightened change in its energy and transportation strategies.
We are truly at a crossroads: Either we can be complacent or wait for
leadership from a reluctant United States, the largest greenhouse gas emitter in the
world, or begin to take action now, regardless of what other countries do.
The path that India has taken thus far, of waiting until wealthy
countries take action on global warming, is understandable if viewed in isolation.
The U.S., the U.K., and other countries in the wealthy North, have developed their
economies largely thanks to fossil fuels. It is only fair that India be allowed to attain
the same standard of living before curbing its emissions.
But as the IPCC report makes clear, while it may be "fair" to do so, it
is also suicidal for India to pursue any strategy but the least carbon-intensive path
toward its own development. Wealthy, less populous countries in the North are very
likely — and very unfairly — going to suffer fewer devastating blows to their
economies, and may actually benefit with extended growing seasons, while India
and other South Asian nations will dramatically and painfully suffer if action is not
taken now.
Today, much of India's energy comes from coal, most of it mined in
the rural areas of Orissa, Jharkhand, and Bihar with devastating consequences.
Tribals and small and marginal peasants are being forced to resettle as these mines
grow wider by the day. Inadequate resettlement plans mean more migration of
landless populations to urban slums. The environment is being destroyed by these
mines and their waste products — among them fly ash laced with heavy metals and
other toxic materials. But the biggest irony of this boom in coal-fired power is that
much of the power is going to export-oriented, energy-intensive industry. Look at
Orissa's coal belt and you will find a plethora of foreign-owned and Indian
aluminium smelters, steel mills, and sponge iron factories — all burning India's
coal, at a heavy cost to local populations — then exporting a good share of the final
product to the China, the U.S. or other foreign markets.
Volatile mix
Add to the problem of export-oriented, energy-intensive industry the
problem of carbon trades, and you have a volatile mix. India is one of the top
destinations globally in the growing carbon market. In exchange for carbon trade
projects in India, wealthy polluters in the North are able to avoid restrictions on
their own emissions. Rather than financing "clean development" projects as
promised, many of these trades are cheap, dirty, and harmful to the rural poor. Fast105

growing eucalyptus plantations are displacing farmers from their land and tribals
from their forests. Sponge-iron factories are garnering more money from carbon
trades earned by capturing "waste heat" than from the production of the raw material
itself. Toxic fly ash from coal-fired power plants is being turned into bricks, and the
carbon that would have been released from traditional clay-fired brick kilns, is now
an invisible commodity that can be sold as carbon credits. These carbon trades are
not helping finance clean energy and development for India's rural poor.
Add to this the special economic zones or SEZs — forcing people off their
land, where blood, often of the most vulnerable, is shed at the altar of development.
Global warming will tighten this growing squeeze to a noose, as huge
areas of Bangladesh go underwater and environmental refugees flood across India's
borders. The leaked final draft of the IPCC report shows that Bangladesh is slated to
lose the largest amount of land globally — approximately 1000 square km of
cultivated land — due to sea level rise. Where will all of those hungry, thirsty,
landless millions go? Most will flock to the border looking for avenues to enter,
exacerbating an already tense situation not only in the States contiguous to
Bangladesh but in cities as far off as Mumbai and Delhi.
Undoubtedly, global warming is not fair. It is exacting the highest price on those
least responsible for the problem. But India can show the world that there is another
way forward: A self-interested, self-preserving way, focussed on clean energy such
as solar and wind; on energy efficiency; on providing for its own population's
energy needs ahead of foreign corporations; on public transportation plans that
strengthen India's vast network of rail and bus transportation routes, rather than
weakening it with public subsidies to massive highways and to automakers. The
IPCC final draft report urges India and other Asian countries to prepare for the
coming climate apocalypse with crop varieties that can withstand higher
temperatures, salinated aquifers, and an increase in pests. It also advises better water
resource management and better disease monitoring and control. While important,
prevention is always the best medicine.
The IPCC final draft report should be seen as a conservative
assessment of what lies in store. It clearly implies that incremental or palliative
responses to reduce vulnerability are not the answer. India and the other countries of
the region need to take a preventative approach by moving their economies away
from fossil fuels and toward clean, renewable forms of energy. This is the only way
of preserving a sustainable way of life that could be a model for the world. If it
pursues what is "fair" in a warming world by continuing to argue that industrialised
nation are to blame and need to take urgent action, it will be placing the noose
around its own neck while the hangman looks on.
Copyright © 2007, The Hindu 18 April, 2007
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Annexure IV

Statement by P. Chidambaram, Finance Minister and Special Envoy of the Prime
Minister of India, during the U.N. Convention on Climate Change convened by the
Secretary-General in September 2007
Honorable Co-Chairs,
May I begin by expressing our appreciation for the initiative of the Secretary-General
in convening this High-Level Event. I am confident that this event will assist in moving
forward the process in the United Nations Framework Convention on Climate Change
[UNFCCC] Like many developing countries; India is an energy deficient country.
In 2006-07, we produced 662 billion units of electricity from all sources for a
population of over a billion people. Energy is the sine qua non of development. We are
obliged to explore every option available to us to produce or procure energy. However, we
are profoundly concerned about environmental degradation and climate change. Our per
capita consumption of energy is 530 kg of primary energy compared to a world average of
1770 kg. Our per capita emission of CO2 is among the lowest in the world: it is
approximately 1 tonne per annum as against a world average of 4 tonnes per annum.
Currently, developing countries bear an inordinate share of the burden of Climate Change,
though this is due to the high-level of emissions of developed countries. Developing
countries are, therefore, obliged to significantly augment their capacity to cope with and
adapt to climate change. We acknowledge the principle of common but differentiated
responsibilities. We uphold the view that adaptation is the key for developing countries and
that it needs to be adequately resourced without diverting funds meant for development. In
any case, development is the best form of adaptation. Adaptation has been integral to
India’s development process. We are challenged constantly by climate variability. We
spend every year over 2 percent of our GDP in development measures with strong
adaptation content like cyclone warning and protection, coastal protection, flood control,
drought relief, and food security. In 2001, we passed the Energy Conservation Act. We
have notified an Energy Efficiency Code for new commercial buildings. A new Electricity
Act was passed in 2003. The Act mandates the procurement of electricity from renewable
and has given a major fillip to the wind energy sector. In 2006, the Government of India
adopted a National Environment
Policy. This year, we set up a special committee to look into the impact of climate
change. The committee will study the impact of anthropogenic climate change on India and
identify the measures that we may have to take in the future. In addition, we have
constituted a Council on Climate Change chaired by the Prime Minister to coordinate
national action plans. We have taken a number of measures that are inherently supportive of
sustainability and clean development. We have insisted on the use of CNG for public
transport; we have introduced the metro rail in many cities; and we have commenced a
major bio-diesel program including mandatory blending of ethanol in petrol. We have also
launched the Green India project that will be the world’s largest forestation project covering
six million hectares of degraded forestland. We have managed the demand side through
107

targeted interventions. As a result, we have raised energy efficiency in all the major energy
intensive sectors – steel, aluminum, fertilizer, paper and cement. We propose to make
available Compact Fluorescent Lamps at the price of normal incandescent bulbs.
Honourable Co-Chairs,
The earth’s atmosphere is a common resource for all of humankind. The problem lies
not in accessing this resource but in its excessive usage. India is committed to sustainable
development, and that means sustainable patterns of production and consumption. India is
also fully sensitive to the concerns of small island developing states that arise out of climate
change and will join efforts to assist the small states. The Prime Minister of India has made
the offer that India’s per-capita GHG emissions would at no stage exceed the per capita
GHG emissions of developed countries. This is the starting point to reach a just and fair
agreement. Adaptation can become a reality if we are able to put new and intelligent
technologies to use. We urge the countries of the world – especially the developed countries
– to seize the opportunity.

Thank you.
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Annexure V

Finnish Government's foresight report on climate and energy policy
(Foresight Report of Government of Finland on Climate and Energy Policy: Statement of
Government Climate Policy Specialist on report to be submitted to Finnish Parliament
during spring 2009)
During its term of office, the Government submits to Parliament a report on the longterm future. Prime Minister Matti Vanhanen’s second Government will draw up a foresight
report on climate and energy policy. The report is to be submitted to Parliament during
spring 2009.
Climate change is one our greatest challenges and an effective response to this
challenge requires globally coordinated policies. The Government Programme emphasises
that Finland, together with the rest of the European Union, must bear substantial
responsibility for the efforts to curb climate change. At the same time, action must be taken
to adapt to climate change.
The aim of the report is to serve decision making in various sectors. The report is to
outline long-term climate and energy policies and propose measures for action. The
timescale of the report will extend until the mid-century and cover both control of climate
change and adaptation to its effects. In addition to energy production, the report will
examine the use of energy, traffic, the role of forests in curbing greenhouse gases and other
key areas related to emissions. The foresight report offers both a national and global
perspective to the issue.
A long-term climate and energy strategy will also be drawn up in line with the
Government Programme. The strategy will define the primary objectives and methods of
Finland’s climate and energy policy in the context of the European Union and its
aspirations. The preparation of the foresight report and the climate and energy strategy are
to be mutually supportive processes.
The schedule of the foresight report is to enable the provision of material and
proposals for action in winter 2008. The foresight report will take into account the policies
outlined in the Government climate and energy strategy and the results of the ensuing
parliamentary discussion.
Various involved parties will be widely consulted during the preparation of the report
and the aim is to stimulate discussion among citizens. Citizens' participation will be
encouraged, for example, through on-line tools.
Contact persons in the Prime Minister's Office
Oras Tynkkynen, Government Climate Policy Specialist, MP
oras.tynkkynen@eduskunta.fi
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