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GUIDE TWO INTRODUCTION
Principal research and writing assistant –
Anastasios Stamatis
Anastasios is an Engineer
with BWB Consulting,
working on high profile
property development,
highways and flood
alleviation works design. He
studied Civil Engineering in
Greece, where he was born,
before moving to the UK for
his MSc.
A bridge enthusiast, he has been the chair of
Progress Network Midlands, a network for
tomorrow’s leaders under the Association for
Consultancy and Engineering, the body
representing the voice of the infrastructure
industry. He is also a founding member and
one of the coordinators of Let’s Do It Greece,
the largest current volunteering campaign in
Greece, with more than 109,000 volunteers
coming together, in a single day, to clean up
the entire country. He loves salsa, coffee, and
finding inspiration in people.
This Guide, like the other two in the series,
depends heavily on the superb Sustainable
Energy - without the hot air by Sir David J C
Mackay, available free at
www.withouthotair.com
It was frequently updated until August 2015
when he became ill with cancer, from which
he eventually died on April 14 2016, aged
48, leaving a wife and two small children. A
brilliant mathematician, he made major
contributions to information theory and was
the inventor of Dasher, a program used by
thousands of disabled people to translate
movements as slight as the twitching of an
eye into text.

AUTHOR, ADVISERS AND
ASSISTANTS
The author of the text is David
Terry, an Oxford maths graduate
and retired headmaster and
college principal.
We are grateful to one of our
original advisers, Professor
Chris Rapley, CBE, professor
of climate science at
University College, London.
Input to different sections has also been
given by other volunteers.

AIM
This Guide describes the political response
worldwide to the warnings of climate scientists
(a more detailed account of the UK reaction is
in Guide Three). The core of this part of the
Guide is Chapter Four which outlines the
momentous Paris Agreement of December
2015, the events leading up to it and the
actions subsequently taken by nations. This
last part is updated frequently as
developments occur. This can lead to
inconsistencies if we fail to update similar
information elsewhere. The date of the update
is usually given so that you can tell which is
the most recent information. But if you do
spot any such inconsistencies, please let me
know by email at terrydroit@aol.com.
Later chapters outline progress on
implementing the Agreement in the context of
the other great challenges facing the whole of
humanity.
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CHAPTER ONE

ARE WE REALLY HEADING FOR DISASTER?

EXERCISE
I ended Guide One with lists of:
a) things
	
that are accepted by all climate
scientists
and
b) things
	
that are accepted by most but
not all climate scientists.
Without looking back, see how many you
can remember (or, if you haven’t worked
through Guide One, how many you can
list).

EXERCISE ANSWERS
Here they are:
a) Things
	
that are accepted by all climate
scientists.
1) Many
	
gases, known as Greenhouse Gases
or GHGs, reflect back some of the infrared
radiation that strikes them. Carbon dioxide
is the one that arouses most concern, but
there are several others, including water
vapour and methane.
2) T
 he amount of carbon dioxide in the
atmosphere has increased considerably, and
at an ever-increasing rate over the last two
centuries, from about 285 parts per million
by volume (ppmv) to around 402ppm in
June 2014. The benchmark readings are
taken at Mauna Loa in Hawaii. See the box
for more on this. Despite large amounts
of methane being observed going into the
atmosphere, measurements do not reveal
a corresponding increase in the amount in
the atmosphere.
 he Northern Hemisphere shows many signs
3) T
of an increase in temperature, most notably
species moving north and Arctic summer sea
ice getting steadily less.
4) In
	 the Southern Hemisphere the signs
are nothing like so unambiguous, but,
according to the records, sea temperatures

Copyright: BEACONS 2018
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ARE WE REALLY HEADING FOR DISASTER?

EXERCISE

just north of the Antarctic Peninsula have
risen in the last 60 years. In April 2013, the
authoritative magazine Nature Geoscience
reported that a team of researchers
concluded that ‘Summer melting is now
at a level that is unprecedented over the
past 1,000 years. We conclude that ice on
the Antarctic Peninsula is now particularly
susceptible to rapid increases in melting
and loss in response to relatively small
increases in mean temperature’. However,
they also carry a letter saying it is
impossible to distinguish the effects of CO2
from natural variance.
5) 	The earth’s climate generally is changing
(but then it always has been).
b) Now for things that are accepted by
most but not all climate scientists.
show that the planet warmed at an
	
1) Records
increasing rate from 1850 until 1998 when
the rate of warming unexpectedly dropped
from 0.17˚C per decade to only 0.04˚C
between 1998 and 2014. One research
study suggests that a major, but not
the sole cause, is heat absorption by
the Pacific Ocean.
2) 	

MAUNA LOA OBSERVATORY (MLO) is a
premier atmospheric research facility that
has been continuously monitoring and
collecting data related to atmospheric
change since the 1950s. The undisturbed
air, remote location, and minimal
influences of vegetation and human
activity at MLO are ideal for monitoring
constituents in the atmosphere that can
cause climate change.
They monitor many aspects of the
atmosphere including the levels of CO2
but also dozens of other gases that are
present in the atmosphere such
as Methane, Ozone, Carbon Monoxide,
Hydrogen, Nitrous Oxide and Sulphur
Hexaflouride, all of which add up
to no more than one percent of the
atmosphere. Of course, CO2 is the
one that gets the most attention, for
obvious reasons. The readings for CO2
fluctuate from month to month. The main
reason for this is that plant growth takes
place in the summer months, absorbing
more CO2. The readings for April 2016
were 407.42 ppm (parts per million by
volume) and for the same month in 2015
were 403.26 ppm. They estimate these
figures to be accurate within 0.11ppm/
year. (See also Guide One p14.)

and gas.
3) As
	 a consequence of rising temperatures,
average sea levels are rising at an increasing
rate that is now about 2mm a year.
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SOME LEADING SCIENTISTS AND THEIR VIEWS
Kevin Anderson

Professor Michael Kelly

Professor of Energy and Climate
Change at the University of
Manchester and deputy Director of
the Tyndall Centre, the UK's leading
academic climate change research
organisation.

Prince Philip Professor of
Technology, University of
Cambridge

He and his colleague Alice Bows say that their work
makes clear that there is now little chance of
maintaining the rise in global mean surface
temperature at below 2oC, despite repeated high-level
statements to the contrary, and that their research
demonstrates how avoiding even a 4oC rise demands a
radical reframing of both the climate change agenda
and the economic organisation of developed states.
He has a decade of experience in the petrochemical
industry, and is a director of Greenstone Carbon
Management - a London-based company providing
emission-related advice to private and public sector
organisations.
tyndall.ac.uk/people/kevin-anderson
Dr John Holdren
An eminent physicist and
climate change expert, he has
been senior adviser to
President Obama on science
and technology since 2008.
In April 2014 he commented as follows on the latest
report of the Intergovernmental Panel on Climate
Change (IPCC):The facts are clear—the more we and
other countries do to curb climate change and prepare
for the climate-change impacts that can no longer be
avoided,the less suffering will be inflicted on our
communities and on our children and grandchildren.
The IPCC's new report highlights in stark reality the
magnitude and urgency of the climate challenge. It
shows, even more compellingly than previous studies,
that the longer society waits to implement strong
measures to cut greenhouse-gas emissions, the more
costly and difficult it will become to limit climate change
to less than catastrophic levels.
https://www.hks.harvard.edu/faculty/john-holdren
Copyright: BEACONS 2018

In a letter to the Times published in November
2013 he wrote:
It has become evident that there is even more
uncertainty than previously thought. Carbon
dioxide levels in the atmosphere have continued to
rise, but since 1998 there has been no statistically
significant rise in global temperatures at all.
This flies in the face of the confident predictions
made by nearly all the climate computer models
that the temperature would continue to rise as it
did from 1975 to 1998. More than 60 different
explanations have been proposed to explain why
this ‘pause’ or ‘hiatus’ has happened, and their
sheer number is the clearest evidence that the
system that climate scientists are seeking to model
is irreducibly complex. Human-sourced carbon
dioxide is at best one of many factors in causing
climate change. (March 15, 2015)
http://www.csap.cam.ac.uk/network/michaelkelly/
Professor Judith A Curry
Professor and former Chair of the
School of Earth and Atmospheric
Sciences at the Georgia Institute of
Technology
She maintains that many climate scientists claim
a greater certainty than is warranted and that
there is no ‘scientific consensus’ She has
founded a website ‘Climate etc’ for serious
climate science debate. https://judithcurry.com/
Scientists agree that temperatures have
increased, that humans are adding CO2 to the
atmosphere, and that greenhouse gases have a
warming effect. But there is no agreement about
whether human activity or natural variability is
the main cause, how much the planet will warm
in future, and how dangerous warming will be.
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SOME LEADING SCIENTISTS AND THEIR VIEWS

Dr Susan Solomon

Dr James Hansen, aged 75.

A leading world climate
scientist, based in Boulder,
Colorado, USA

Originally a physicist and then a
space scientist, he is now a
professor in the Department of
Earth and Environmental
Sciences at Columbia University.

As carbon dioxide emissions continue to rise, the
world will experience more and more long-term
environmental disruption. The damage will persist
even when, and if, emissions are brought under
control.
http://celebrating200years.noaa.gov/historymakers/solomon/

In the Antarctic
in 2004

Chris Rapley, professor of
climate science, University
College, London (UCL).
Director of the British
Antarctic Survey, 1998 to
2007. Director of the Science
Museum, 2007 to 2010.
Chair of London Climate
Change Partnership. which
advises on protecting the
capital.

Joint author, 2071 – the World we’ll leave
our grandchildren, (the best summary of
climate change I’ve read, DT)
Despite having been revealed by science, climate
change is not really a scientific issue but an issue
about what sort of world we want to live in.
I would like to see a massive effort of innovation
and roll-out of energy technologies that will
make existing fossil fuel redundant – energy that
is cheaper and cleaner than unabated fossil
fuels. Once it is available, the markets will drive
its exploitation.
http://www.ucl.ac.uk/earth-sciences/people/staff/
academic/rapley

His 1988 Congressional testimony on climate
change helped raise awareness of global
warming.
We are the first generation to feel the impact of
climate change, and the last generation that can
do something about it. (October 2014)
Consequences include sea level rise of several
meters, which we estimate would occur this
century or at latest next century, if fossil fuel
emissions continue at a high level. That would
mean loss of all coastal cities, most of the world's
large cities and all their history. (March 2016)
http://www.columbia.edu/~jeh1/

Professor Richard A. Muller
Professor of physics at the
University of California at
Berkeley
Like David Mackay and John Holdren, he is a
physicist who has studied climate science. Deeply
sceptical about global warming, he set up his own
research project. In July 2012, he announced that
he had changed his mind in the light of the
evidence and now concluded that global warming is
real and that the main cause is increased CO2 in
the atmosphere as a result of human activity.
https://www.youtube.com/watch?v=6ledD81ofy0

Claims based on conviction are not as valid as
those based on objective analysis Energy for
Future Presidents p 304.
Copyright: BEACONS 2018
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REALITY AND OPTIONS FOR GOVERNMENTS
THE CLIMATE DEBATE
The eight scientists whose views are
summarised above are not a representative
sample. But they do indicate the range of
views held by responsible scientists.
None of them disputes that CO2 is a
greenhouse gas, and that the more of it there
is in the atmosphere the greater its warming
effect will be. And none disputes that burning
fossil fuels is the main cause of this increase
in CO2.
But they do not agree on whether CO2 is the
main cause of global warming or only one of
several causes. Nor do they agree on how
great the threat of climate change is to the
future of the human race.
Professors Kelly and Curry are scathing about
the quality of debate on climate issues and
accuse people, including many scientists, of
not conducting discussion in a calm and
rational manner. This is arguably the most
important point to emerge from the range of
views quoted.
While it is true that nearly all climate scientists
and every major scientific institute in the world
agree that CO2 is a significant cause of global
warming, important details are lost in
confusing messages.
AN ATTEMPT TO CLEAR UP THE CONFUSION
Concerned about confusing messages from
climate scientists, a leading university,
University College London (UCL), set up a
commission to make recommendations.
Chaired by Professor Chris Rapley, CBE (See
p3 of this Guide and p58 of Guide One), it
reported in June 2014.
Copyright: BEACONS 2018

Professor Rapley sent me a copy of the
report and I sent a detailed response. One
recommendation was that a professional
body for climate scientists needs to be set
up. My preference is for a body whose
purpose is to present the findings of climate
scientists without spin. Professor Rapley told
me he does not disagree.
OPTIONS FOR GOVERNMENTS
There are a number of options for the world’s
governments. Explanations for each of these
options should come with identification of the
people responsible for taking suggested
actions, and what the problems might be in
trying to get effective action.
A lot will depend, of course, on personal views
on climate change. Anyway, here are the
options as we see them.
1) Do nothing
This is obvious for anyone who believes that
climate change isn’t happening. On the other
hand, if you believe it is, but is nothing or
little to do with greenhouse gases in the
atmosphere, you might still want action to
reduce the dangers climate change might
pose. But you could be against action by
governments even though you are not a
climate change sceptic or denier because
you think there are more cost-effective ways
of increasing human happiness.
2) Reduce CO2 emissions
If you think the increase in CO2 in the
atmosphere is causing the climate to change,
reducing emissions is an obvious necessity.
But how?
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OPTIONS FOR GOVERNMENTS

3) Prepare defences against the worst
effects of climate change
Prepare now for such things as floods,
droughts, rising sea levels. You might be in
favour of this option even if you don’t
think CO2 emissions are the main cause.

dioxide in the air we breathe is defnitely not a
good thing, being a health hazard, as well as
causing acid rain.

4) Invest in finding ways of sucking CO2
out of the atmosphere
Not a lot is known about what might work.
Perhaps we should find out.
5) Invest in finding ways of cooling the
planet
If we cannot stop the planet warming,
regardless of what might be causing this,
perhaps we should research ways of cooling it.
6) Research colonising other planets
You might think this is fantasy. I’m not
so sure.
In the rest of this guide we shall explore
each of these options.

COOLING BY ARTIFICIAL VOLCANO?
By no means all pollution is man-made.
Volcanoes spew vast amounts of gases and
solid matter into the atmosphere. Does a
volcanic eruption increase or decrease global
warming? The answer, say the experts, is that
it will have a cooling effect. This is because
the extra smoke and sulphur dioxide in the
upper atmosphere will reduce the amount of
the sun’s rays getting through. But sulphur

http://www.outofthebottomlesspit.co.uk/

Dimming the sun by engineering the effects of
an artificial volcano is a feasible and potentially
cost-effective option to reduce temperatures
on Earth, a report says.
However, a study at the University of Reading
led by Dr Andrew Charlton-Perez has shown that
such a last resort measure, conducted on a large
scale, could lead to climate chaos and disrupt
delicately balanced ecosystems.

Volcanic eruption as seen from space station
Copyright: BEACONS 2018
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CHAPTER TWO

THE CASE FOR DOING NOTHING
If you believe that emitting more and more
CO2 into the atmosphere is not causing
climate change, you will see no reason why
governments should have any policies on
carbon emissions or climate change.
If you are not certain, you may feel that it is
better to err on the side of caution and do
something to reduce CO2 emissions. But at
what cost?
Why would someone who is not a climate
change sceptic or denier nevertheless oppose
any government action? In the rest of this
chapter we'll suggest some answers.
CLIMATE PREDICTIONS ARE SOMETIMES
WRONG
After a series of hot summers in Northern
Europe culminating in a record breaking one
in 2006 which was held responsible for a
sharp increase in deaths among the elderly,
the Met Office forecast ever hotter and
drier summers and mild and wet winters.
In fact, since then Northern Europe has had
exceptionally dry winters with very cold spells
and mild wet summers. And in 2012, very wet
and cool indeed, but after a record breaking
dry and hot March.
So action taken on the basis of long range
weather forecasts could have turned out
to be unnecessary.

Copyright: BEACONS 2018

Climate scientists have now come up with an
explanation for the unexpected very cold
spells. You can find it in Guide One page 64.
The point is that weather is clearly extremely
difficult to forecast more than a few days in
advance. Basing investment decisions on
long range forecasts could well lead to
unnecessary and very costly waste. It might
be better to wait and see, and only invest
when it is reasonably clear what the trend in
the climate actually is.
GOVERNMENT ACTION IS OFTEN
INEFFICIENT
If you think, as many do, that governments
generally invest poorly, you might think it best
to leave decisions on, say, having cavity wall
insulation in your house to you, the house
owner. And, many people, especially in the
United States, believe that taxes should be as
low as possible with government doing as little
as possible.
NOT TRY TO REDUCE CO2 EMISSIONS?
If you think, with Professor Lindzen, that more
CO2 in the atmosphere poses little threat,
then reducing emissions will not be your top
priority.
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PRIORITIES

considered to stop global warming will cost
hundreds of billions of dollars, are often based
on emotional rather than scientific arguments,
and may very well have little impact on the
world’s temperature for hundreds of years.
And as deniers point out, the amount of CO2
in the atmosphere is extremely small: the
current reading of 400 parts per million (ppm)
is 0.04%.
Furthermore, while CO2 is a relatively mild
greenhouse gas, it stays in the atmosphere
a long time. How long is a matter of dispute,
but most experts say at least 100 years. So
whatever we do now to reduce CO2 emissions
is going to take a long time to make any
difference.

He asserts that the debate over climate
change has stifled rational dialogue and killed
meaningful dissent.
Eighteen Danish scientists have a website,
called Lomborg-errors:

ARE THERE MORE
IMMEDIATE PRIORITIES?
A prominent and
controversial figure in the
climate change debate is the
Danish academic economist
and environmental writer,
Bjørn Lomborg.

He argues that we should focus our resources
on more immediate ways of increasing the
sum of human happiness, such as fighting
malaria and HIV/AIDS and assuring and
maintaining a safe, fresh water supply - which
can be addressed at a fraction of the cost and
save millions of lives within our lifetime.

http://www.lomborg.com/

Bjørn Lomborg

They claim that Lomberg’s work is riddled with
errors and that he either dismisses them
altogether or produces a claimed refutation of
his critics which is very long but fails to
answer the main criticisms.

From www.desmogblog.com/people/bjorn-lomborg

Widely loathed in the Green movement, he is
nevertheless not a climate change denier. But
he doesn’t think that we should be spending
vast amounts of money in trying to curb CO2
emissions.
In his book ‘Cool It’ published in 2007, he
argues that many of the actions now being

Lord Lawson, founder of the sceptical Global
Warming Policy Foundation, (GWPF) would
agree with Lomborg, but goes further and says
it is by no means certain that atmospheric CO2
is a significant cause of global warming. See
Guide One pages page 26 and 27 for more
about Lord Lawson and the GWPF.
Copyright: BEACONS 2018
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POSSIBLE DISASTERS

PRIORITISING POTENTIAL
DISASTERS

•

	
Cyber
war has the same effect as a major
solar storm.

Climate change caused by global warming is
often portrayed as being potentially a threat to
the very existence of human life on the planet,
or at any rate to the planet being able to
support anything like the current seven billion
let alone the 9.8 billion projected for 2050.
But it is not the only possible catastrophe.

•

	 influenza pandemic spreads uncontrollably,
An
killing 90% of human beings.

•

	 all-out nuclear war makes the entire
An
planet uninhabitable.

SOME CONCEIVABLE
CATASTROPHES
• An asteroid strikes the planet causing a
tsunami that engulfs all land under,
say, 1000 metres and throws vast
amounts of debris into the atmosphere
which blots out the sun for the next
100 years thereby destroying most
	
remaining life by the end.
•	An enormous super volcano, perhaps in
Yellowstone National Park in America,
blots out the sun for years, decades or
centuries, just as a collision with an
asteroid might.
•	 A major solar storm destroys all electrical
communications, including all computers
and the internet. Most urban dwellers
die of starvation, cold or violence.
A major solar storm narrowly missed the
Earth in July 2012. For details go to
http://science.nasa.gov/science-news/scienceat-nasa/2014/23jul_superstorm/

Copyright: BEACONS 2018

You might say that while all of these are
possible, they are nothing like as likely as
climate change, combating which must
therefore take priority.
Or you could say that governments must
consider all of the above, plus climate change,
and take all necessary action.
Or you might feel that there is a limit to how
many potential disasters can be planned for
simultaneously and governments need to prioritise.
It is by no means obvious that combating climate
change would be the top priority.

IS OUR GOVERNMENT DOING
ANYTHING ABOUT THESE SCENARIOS?
The answer, which might surprise you, is Yes.
This fact is published by the government in as
low key a manner as possible. Why? Because
they want to get the balance right between
causing panic and reassuring everyone that plans
are in place.
The plans are in a document called the National
Risk Register, ﬁrst published in 2008. The latest
edition is dated September 14th, 2017 The next
section tells you more about it.
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POSSIBLE DISASTERS

THE UK NATIONAL RISK REGISTER
National plans coping with
disasters were ﬁrst put
into one document in
2008. Remarkably, no
scientists were consulted.
Volcanic eruptions were
not included. In 2010 the
government was totally
unprepared when the Icelandic volcano
Eyjafjallajökull (No I can’t pronounce it either)
erupted. Aircraft were grounded across the
whole country, unnecessarily as it later turned
out, at a cost of billions.
The latest, 2017, edition of the NRR does now
cover volcanic eruptions. It lists risks in order
of priority.
Here are the main risks in terms of impact
severity and likelihood of occurrence in the
next five years:
• Pandemic Influenza
• Cold and Snow
• River and Surface Water Flooding
• Widespread Electricity Failure
• Emerging Infectious Disease
• Space Weather
• Poor air quality
• Heatwave
• Volcanic Eruption
• Infrastructure System Failure
• Public Disorder
• Storms and Gales
They do not list plastic in the oceans entering
the food chain, which some consider a major
threat.

For the full NRR booklet go to
https://www.gov.uk/government/publications/national-riskregister-of-civil-emergencies-2017-edition

ARE THERE ANY LESS DRAMATIC
POSSIBLE DISASTERS?
There are indeed. In his book
The God Species published in
2011, the respected
environmental writer,
Mark Lynas, identifies nine
‘boundaries’, one being the
climate change boundary,
which the human race
crosses at its peril.
http://www.marklynas.org/about/

Mark Lynas

The other eight are:
•

The biodiversity boundary

•

The nitrogen boundary

•

The land use boundary

•

The freshwater boundary

•

The toxics boundary

•

The aerosols boundary

•

The ocean acidification boundary

•

The ozone layer boundary

There is more that needs to be considered than
simply how much CO2 there is in the atmosphere.
That is, supposing it is thought that anything at all
needs to be done.
After this litany of disasters, the remaining
chapters will go into some detail about what is
being done by governments, organisations,
businesses and individuals, and what is proposed
as needing to be done.
Copyright: BEACONS 2018
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CHAPTER THREE

PRESSURE FOR GOVERNMENTS TO ACT
PRESSURE GROUPS
WHAT IS A PRESSURE GROUP?
Here is the definition on the History Learning
website: http://www.historylearningsite.co.uk
A pressure group can be described as an
organised group that does not put up
candidates for election, but seeks to
influence government policy or
legislation. They can also be described
as ‘interest groups’, ‘lobby groups’ or
‘protest groups’. Some people avoid
using the term ‘pressure group’ as it can
inadvertently be interpreted as meaning
the groups use actual pressure to
achieve their aims, which does not
necessarily happen. In Britain, the
number of political parties is very small,
whereas the number of pressure groups
runs into thousands; as the membership
of political parties has fallen, that of
pressure groups has increased.
However there are exceptions to this general
rule as when a representative of the
Greenham Common women stood
unsuccessfully as a parliamentary candidate
in the 1980s, and single issue candidates are
occasionally elected to Parliament. In 1997
the journalist Martin Bell successfully stood as
an anti-corruption candidate in Tatton, and Dr
Richard Taylor successfully stood as the
Kidderminster Hospital and Health Concern
candidate in 2001 and 2005. Dr Taylor didn’t
stand in 2010, but would almost certainly
have been elected if he had.
Copyright: BEACONS 2018

Martin Bell OBE

Dr. Richard Taylor MBE

WHAT’S THE DIFFERENCE BETWEEN A
CAMPAIGN AND A PRESSURE GROUP?
A campaign is usually about a particular and
local issue, but can easily develop into a much
more general movement. For example,
whenever a waste incinerator is proposed
a local campaign against it will spring up. A
national co-ordinating organisation has now
been formed, the United Kingdom Without
Incineration Network or UKWIN.
However, some national movements or
pressure groups retain the word ‘campaign’ in
their titles. The Campaign against Climate
Change, for example. And some political
parties may be dominated by one single
issue. The United Kingdom Independence
Party, or UKIP, for example, which was mainly
concerned to campaign for the UK to leave the
European Union.
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NGOS AND PRESSURE GROUPS

WHAT IS AN NGO?
The initials stand for Non Governmental
Organisation, but that doesn’t get you very
far in understanding what one is. Here is
a definition in Wikipedia and credited to a
Professor Willetts at City University, London:
‘an independent voluntary association of
people acting together on a continuous
basis for some common purpose other than
achieving government office, making money or
illegal activities.’
The description was first used when the
United Nations was set up in 1945 to
describe organisations that did valuable
work but were not actually part of any
government.
A well known NGO is Oxfam.
It often works alongside governments and
receives government grants but is completely
independent and will not work outside its
declared aim of ‘working with others to combat
poverty’. And like most other NGOs it started
small – as a group of Oxford academics who
lobbied the government in the middle of World
War Two to lift the embargos on food aid to
starving people in Greece and Belgium.

concerned especially about the possible impact
on those they aim to help.
So the RSPB worries about the impact on
birds; Christian Aid about the outlook for the
world’s poorest; Friends of the Earth about
environmental degradation. Many are part
of international networks. And most also
campaign on what they see as related issues or
ones of particular concern to them.
Among the best known which are active in
the UK are Greenpeace, Friends of the Earth
and the World Wide Fund for Nature or WWF.
Some more information about each, and
about the Campaign against Climate Change,
with extracts from their websites about
climate change and their related activities are
given below. If you want to find out more,
simply go to the website given. We couldn’t
find a comprehensiv e list of UK charities that
campaign on climate change, but the umbrella
organisation, The Climate Coalition, has a
sheet of logos on its website:
http://www.the climatecoalition.org/

CLIMATE CHANGE PRESSURE GROUPS
There are very many NGOs in the UK alone
which campaign for action on climate change.
Most were set up before climate change
became an issue and have become
Copyright: BEACONS 2018
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PRESSURE GROUPS

GREENPEACE

The groups and activists at all levels also carry
out educational and research activities.

http://www.greenpeace.org.uk/climate

It has ofﬁces in over forty countries and an
international coordinating body in
Amsterdam. Its aim is to ‘defend the natural
world and promote peace by investigating,
exposing and confronting environmental
abuse, and championing responsible
solutions for our fragile environment'. Its
campaigning is largely focused on global
warming, deforestation, over ﬁshing,
commercial whaling and anti-nuclear issues.
Greenpeace tell me that they do not accept
any company or government funding, and
that their main core values are
internationalism, nonviolence and
independence.
Greenpeace has been very inﬂuential. It is
often consulted by governments and has
contributed to IPCC reports. But some have
criticised its motives and methods. And its
direct actions, although peaceful, have
occasionally led to conﬂict with police and
legal action against individual activists.
FRIENDS OF THE EARTH
http://www.foe.co.uk/

This is part of an international network of
environmental organisations in 76 countries
and is also very inﬂuential. FoE considers
environmental issues in their social, political
and human rights contexts. Their campaigns
stretch beyond the traditional arena of the
conservation movement and seek to address
the economic and development aspects of
sustainability.
Copyright: BEACONS 2018

WORLD WIDE FUND FOR NATURE
http://www.wwf.org.uk/

The World Wide Fund for Nature (WWF) is
the world’s largest independent conservation
organisation and is also very influential. Its
mission is ‘to halt and reverse the destruction
of our environment’. Currently, much of its
work focuses on the conservation of three
biomes that contain most of the world’s
biodiversity: forests, freshwater ecosystems,
and oceans and coasts. Among other issues,
it is also concerned with endangered species,
pollution and climate change.
CAMPAIGN AGAINST CLIMATE CHANGE
http://www.campaigncc.org/

This is largely an umbrella
organisation for NGOs that campaign
against climate change. Their website
lists these with a colourful display of
logos.
POVERTY NGOs AND CLIMATE CHANGE
Anti-poverty campaigning NGOs such as Oxfam
say that climate change contributes to poverty
and urge governmental action to reduce
emissions and to set up a fund to help poor
countries adapt to climate change.
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RELIGIONS
RELIGIONS

THE CATHOLIC CHURCH
www.catholic-ew.org.uk/
The Argentinian Pope
Francis, pope since March
2013 and the first from the
Southern Hemisphere, has
quickly established himself
as a radical reformer not
afraid to get involved in
political matters. He has made clear that tackling
climate change must be a Christian priority.
In June 2015 he issued his long awaited statement
on climate change. Called an encyclical, the most
authoritative such statement a pope can make,
entitled ‘Laudato Si’ (Praise be) and of nearly 200
pages, it covers virtually every aspect of our
relationship with planet Earth. Unusually, it is
addressed to the whole of humanity, not just
Catholics. The full text can be found at https://
laudatosi.com/watch I found it impressive despite
my being an unbeliever.
Here are some of the main points relevant to
this Guide:
• The result of our throwaway culture is that
‘the earth, our home, is beginning to look
more and more like an immense pile of filth’
• Global warming is real and mainly caused by
human activity
• The poor are the most vulnerable to climate
change
• The rich nations must help the poor nations
develop renewable energy sources
Population is not part of the problem and
abortion is condemned

In May 2017 President Trump met Pope
Francis who gave him a copy of Laudato Si’.
Mr Trump has not given any indication that
he has read it. In June Mr Trump said he was
pulling the USA out of the Paris Agreement as
soon as is legally possible, which is in 2020.
Then, in October 2017, Pope Francis said this
during a speech to the UN Food and
Agricultural Organisation ‘Thanks to scientific
knowledge, we know how we have to
confront the problem and the international
community has also worked out the legal
methods, such as the Paris Accord, which
sadly, some have abandoned.’
THE CHURCH OF ENGLAND
http://www.churchofengland.org/
In December 2014 the Church, led by Justin
Welby, Archbishop of Canterbury since March
2013, entered the debate over climate change
by urging Royal Dutch Shell and BP to cut their
carbon emissions and invest more in
renewables, the first time it has attempted to
use its position as an investor as a “force for
good”.
The Church, which controls a £9bn investment
portfolio, said it was filing shareholder
resolutions requesting both oil companies to
take greater action to tackle the threat of
global warming and link executive pay to
“environmental and social metrics”.
The Church's two stakes
are worth less than 1 per
cent each - with about
£100m invested in Shell
and just over £50m in BP
- but it is confident that
the resolutions will have
the backing of more than
100 other shareholders.

The Archbishop of
Canterbury
Copyright: BEACONS 2018
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RELIGIONS

THE METHODIST CHURCHES have a special
website on climate change
http://www.methodist.org.uk
where you can find statements similar to the
Church of England one above.
ISLAM
This is from the website http:www.arcworld.org/
news.asp?pageID=334 of an organisation called
the Alliance of Religions and Conservation.
Historic Istanbul Declaration of the Muslim
7 Year Action Plan on Climate Change
July 8, 2009:
Some 200 key Muslim leaders, scholars,
civil society members and government
ministries from Islamic civil society, made the
unprecedented step yesterday of joining
together to endorse a long term plan for action
on climate change.
The leaders, who gathered in Istanbul for a
historic meeting from 5-7 July 2009, have
agreed to spend the next seven years making
and planning serious commitments to protecting
the natural environment, and combating climate
change.
HINDUISM
Here are some extracts from a paper given by a
leading Hindu scholar in April 2013.
The dire problems besetting our world—war,
disease, poverty and hunger—will all be
magniﬁed many fold by the predicted impacts
of climate change.
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Mahatma Gandhi urged,
‘You must be the
change you wish to see
in the world.’ If alive
today, he would call
upon Hindus to set the
example, to change our
lifestyle, to simplify our
needs and restrain our
desires.

Mahatma Gandhi,
assassinated 1948
Wikipedia

The full text is at:
http://fore.research.yale.edu/news/item/
hinduism-and-climate-change/
BUDDHISM
In 2009 the Dalai Lama,
the exiled leader of
Tibetan Buddhists, said:
If humanity wishes to
preserve a planet similar
to that on which
civilization developed
and to which life on
The 14th Dalai Lama
Wikipedia
Earth is adapted,
paleoclimate evidence and ongoing climate
change suggest that CO2 will need to be
reduced from its current 385 ppm to at most
350 ppm, but likely less than that.
There is much more on the excellent website
http://www.ecobuddhism.org
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PRESSURE GROUPS
OPPOSING PRESSURE GROUPS

FUNDING AND BIAS

In the United States there is the Heartland
Institute, described by The Economist
(26/05/12) ‘as the world’s most prominent
think-tank promoting scepticism about manmade climate change’.

According to Greenpeace, a large number of
sceptic or denial organisations receive funding,
often secret, from oil, gas and coal companies.
Greenpeace has a list of those receiving
funding from ExxonMobil, the world’s largest oil
and gas company, at:

In the UK in 2009, Lord Lawson of Blaby, a
former Chancellor of the Exchequer (finance
minister), founded The Global Warming
Policy Foundation http://thegwpf.org
For more on the GWPF see Guide One pp 26
and 27.

In 2007 a documentary film
was made by British director
Martin Durkin

The film asserts that man-made global
warming is “a lie” and “the biggest scam of
modern times”.
The film’s critics argued that it had misused
and fabricated data, relied on out-of-date
research, employed misleading arguments,
and misrepresented the position of the
Intergovernmental Panel on Climate Change.
Later broadcasts corrected three errors which
had been found in the original film. The film’s
producer, Martin Durkin, has asserted that
the errors were minor and did not affect the
film’s conclusions.

www.exxonsecrets.org/html/listorganizations.php

(Neither the Heartland Institute nor the GWPF
is on the list). The clear implication is that any
organisation that takes funding from a
company will distort its research to support the
vested interests of its funders. Sadly, this has
been shown to be often the case in the past.
But always?
Note that Greenpeace itself proudly proclaims
that it takes no funding from companies or
governments.
Conversely, climate sceptics and deniers often
allege that climate scientists frequently distort
their results in order to get funding from
governments that support the majority view.
The Global Warming Policy Foundation is,
according to its website, funded entirely by
voluntary donations from a number of private
individuals and charitable trusts. ‘In order to
make clear its complete independence, it does
not accept gifts from either energy companies
or anyone with a significant interest in an
energy company’.
However, it refuses to disclose who its funders
are, saying it must protect their privacy.
Copyright: BEACONS 2018
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CHAPTER FOUR

POLITICAL ACTION – TO PARIS AND BEYOND
INTRODUCTION

1900 to 1945

By the beginning of the 20th century it was
known that the great French mathematician
Fourier (1768 to 1830, see Guide One pp18
and 19) had been right in supposing that the
Earth was warmer than it would otherwise be
as a result of the atmosphere acting like a
blanket. And thanks to the work of the Irish
physicist John Tyndall (1820 to 1893) and
the Swedish chemist Svante Arrhenius (1859
to 1927) it was also known that the gases
responsible were carbon dioxide, ozone and
other gases, despite the fact that they were
present in air in only very small amounts –
less than a third of one percent in total, and
water vapour which cannot exceed four per
cent.

English scientist Guy Callendar continued
Arrhenius's work. He thought global
warming would delay another ice age, but
his work attracted little attention. These
years were so ghastly, with two terrible
world wars and numerous other conflicts,
not to mention the possibility of an all out
nuclear war between America and the Soviet
Union (Russia and its empire), that no one
would have thought a small temperature rise
anything to be concerned about.

Arrhenius realised that global temperatures
would rise as more and more carbon dioxide
was released by the burning of fossil fuels.
But he thought this was to be welcomed.
Perhaps the cold of Swedish winters led him
to this view.

John Tyndall
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Svante Arrhenius

THE COLD WAR 1945 to 1980
After the horrors of Hiroshima and Nagasaki,
both super powers engaged in an ever-more
expensive nuclear arms race.
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Hiroshima after being atom bombed. Photo US Army

THE EMERGENCE OF MODERN
CLIMATE SCIENCE
During the arms race nuclear scientists
became interested in the possibility that a
nuclear war might cause significant global
climate change. While they eventually
concluded that it wouldn’t, attention was then
given to the possibility of using local climate
change as a weapon by exploding nuclear
bombs high in the atmosphere and thereby
causing a climate catastrophe for the enemy.
But the impossibility of accurately targeting
nuclear induced climate change led to this idea
being abandoned. However, some of the
techniques used by nuclear scientists in
investigating climate did transfer to peaceful
climate science when the cold war evolved into
nuclear stalemate after the Partial Test Ban
Treaty in 1963 and especially when the cold
war ended with the collapse of the Soviet
Union in December 1991 – an event that was
totally unexpected by any of the so-called
experts.
From the 1970s, climate scientists gradually
achieved more publicity for their forecasts of
what the future held for the human race. At
first there was no agreement on what the world
would look like by the year 2000. Some
forecast the start of an ice age, others a much
warmer planet. By the 1980s, however, more
and more climate scientists were forecasting
increasing global warming, and suggesting
consequent dangerous climate change, as a
result of the burning of fossil fuels.

As the decade of the 1980s progressed,
climate science became more and more
sophisticated with much more detailed
observations and use of ever-more powerful
computers – a trend which has continued
ever since. The diagram in the next section
shows the current estimates of the power, in
watts per square metre, of the different
components of the Greenhouse Effect.

THE GREENHOUSE EFFECT TODAY

Sources: Okanagan university college in Canada,
Department of geography; University of Oxford, school of
geography; United States Environmental Protection agency
(EPA), Washington; Climate change 1995, The science of
climate change, contribution of working group 1 to the
second assessment report of the intergovernmental panel
on climate change, UNEP and WMO, Cambridge university
press, 1996.
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THE INTERGOVERMENTAL PANEL
ON CLIMATE CHANGE
By the mid eighties concern about possible
climate change was becoming known outside the
world of climate science. In 1988 two of the
many subsidiary organisations formed from the
United Nations, namely the World Meteorological
Organization (WMO) and the United Nations
Environment Programme (UNEP), jointly founded
the Intergovernmental Panel on Climate Change
(IPCC). With its secretariat in the WMO’s HQ in
Geneva, the stated aim of the IPCC was to
‘assess the scientific, technical and
socioeconomic information relevant for the
understanding of the risk of human-induced
climate change’.

1) The IPCC does not carry out any research
itself; it merely gathers and collates the
work of climate scientists worldwide.
2) The IPCC reports, called assessments, can
be uncomfortable reading for politicians
from coal, gas and oil producing countries
and attempts to water down their content
are not uncommon. Nevertheless, the IPCC
assessments are almost universally
accepted as being the most accurate and
comprehensive statements of current
scientific knowledge.
Assessment Reports are the result of
thousands of hours work and, together with
supporting papers, run to hundreds of pages.
The latest, AR5, was published in four
volumes in 2013 and 2014, with the summary
for policy makers finalised in November 2014.
The main reports below are available free
from http://www.ipcc.ch/index.htm

The HQ of the WMO in Geneva
which also contains the
secretariat of the IPCC

The IPCC has published five reports to date, in
1990, 1995, 2001, 2007 and 2014. Each is an
enormous enterprise involving hundreds of
scientists, all of whom give their time for free,
from nearly every country. It is important to
note that:

Copyright: BEACONS 2018
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ENTER THE POLITICIANS
PRIME MINISTER MARGARET THATCHER
A KEY FIGURE

BBC

Margaret Thatcher was
the UK Conservative
prime minister from May
4,1979 until deposed by
her own Party on
November 28, 1990.
She was the first woman prime minister in
our history and still the only one to have
been a scientist, having studied chemistry
for four years at Oxford University and then
worked as a research chemist. Being a
genuine scientist made a dramatic
difference to the country’s policy on climate
change. To the horror of her senior Tory
colleagues, she accepted that there was an
urgent need to reduce CO2 emissions once
she had read and understood the scientific
evidence – which her ministers had not.
Later Baroness Thatcher, she died aged 87
in April 2013. A controversial figure even
after her death, revered by most on the
Right and loathed by many on the Left, she
was given a state funeral, the only former
prime minister apart from Churchill to have
had one since Gladstone in 1898.

THE UNITED NATIONS
The United Nations might seem like a
world government but it isn’t really.
Neither the UN nor its many agencies,
such as the World Health Organisation,
has the power to force governments to
do something they don’t want to –
unless, as has happened, sanctions (that
is, prohibiting some or all trade) or even
war is approved.
The major powers have a veto so the
UN cannot use these measures against
them.
The UN headquarters are
in New York in a building
erected on land given by
an American billionaire,
John D Rockefeller Jnr
and, by agreement with
the US government,
declared international.

1988
1988 was a year of extreme weather in the
USA. While much of this weather could be
attributed to a strong El Nino, many
scientists believed that increased levels of
atmospheric carbon dioxide were a crucial
factor. One of them, James Hansen, gave
widely publicised evidence to the US Senate.
And a conference of scientists and
environmental groups in Montreal was
devoted to possible climate change caused
by carbon dioxide from burning fossil fuels
(coal, oil and natural gas).
Politicians worldwide were sufficiently
concerned to agree to calling a special UN
conference on climate change – the first
ever on this subject.

Copyright: BEACONS 2018
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THE RIO EARTH SUMMIT 1992

The two most important COPs before
COP 21 were:

COP 3 in Kyoto, Japan, in December,1997

172 governments sent delegations to this twoweek UN conference in Rio de Janeiro, Brazil in
June 1992. Hundreds of members of pressure
groups like Greenpeace attended, plus
representatives of aid agencies such as
Oxfam. Similar or even larger numbers
attended future COP conferences (see below).
The two main outcomes were
1) An agreement called the United Nations
Framework Convention on Climate Change
(UNFCCC), the aim of which was to
"stabilise greenhouse gas concentrations in
the atmosphere at a level that would
prevent dangerous anthropogenic
interference with the climate system".
There were no binding limits on
greenhouse gas emissions for individual
countries and no enforcement
mechanisms.
2) Annual meetings to develop mechanisms
for achieving the aim - called Conferences
of the Parties to the United Nations
Framework Convention on Climate
Change, or Conferences of the Parties, or
COPs . COP 1 was in Berlin in 1995; COP
21 in Paris in 2015. COPs 6 and 7 were
both in 2001.
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After much wrangling, a treaty called the
Kyoto Protocol was agreed. Under this,
targets for reducing greenhouse gas
emissions were set for developed (i.e.
rich) nations only. China was deemed a
developing nation, which caused major
difficulties later. The Protocol came into
force in 2005 and ended in 2012, when an
extension to 2020 was agreed by many,
but not all, countries.
The USA was represented by Al Gore, vice
president to president Bill Clinton. He
agreed on behalf of the USA, but this was
immediately cancelled by George W Bush
when he became president a month later.
Canada signed but withdrew in 2011.
In the event, the rich countries, including
the UK, had little difficulty in reaching their
targets. But this was largely because they
exported much of their manufacturing to
China and other poorer countries.
Greenhouse gas emissions worldwide
continued to rise (see Guide One, Chapter
Two, page 14).
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COP 15 in Copenhagen, Denmark,

December 2009

So why did it fail? Here are the main
reasons.
1) Badly organised – officials, including
heads of government, queuing in the
snow for hours and, as in the photo in
column 1, the most powerful leaders in
the world trying to negotiate while
crammed into a room that was far too
small and without even their own table
for their notes, and with their
interpreters crouching under the table.

This was billed as the conference that
would produce a binding treaty signed by
all nations to dramatically cut greenhouse
gas emissions. Hopes ran high, but were
ultimately dashed.
The conference over-ran with two days,
and nights, of frantic negotiations leaving
everyone exhausted, and broke up in
acrimony without any substantial
agreement.

2) Top down approach with countries set
targets. The idea was for officials to
spend nearly two weeks agreeing
targets for each nation which would
then be ratified by the leaders who
arrived at the end. This was a complete
failure.
3) Inadequate preparation. Nothing like
enough had been agreed by the start of
the conference
4) Climategate. In November 2009 emails
and files at the East Anglia University
Climate Research Unit were hacked into
and distributed with allegations that
they showed that scientists manipulated
data to fit their pre-conceived views.
This was sensational and was widely
covered in the media. It undoubtedly
weakened the resolve of politicians at
COP 15. Subsequently, eight inquiries
found no evidence of fraud or improper
conduct. (See also Guide One p27)
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COP 21 PARIS 2015
SUCCESS AT LAST!

2) The science accepted
Namely, that to avoid a high risk of
catastrophic climate change, average
global temperature increase since preindustrial times, which is already 1.00C,
must be kept below 20C or, better, 1.50C,
and that to achieve this CO2 in the
atmosphere must be kept below 450 parts
per million by volume.
Research in 2017 indicated that 1.50C
would lead to much milder European
consequences than 2.00C. However, much
uncertainty remains.

Why did it succeed?
1)Agreement between presidents
Obama and Xi Jinping a year before
In November 2014 presidents Obama and Xi
Jinping were attending a meeting in Beijing of
a body known as the Asia-Pacific Economic
Co-operation. To everyone’s surprise, the two
presidents suddenly disappeared with only
their interpreters and emerged several hours
later to announce that they had agreed on
how much each of their countries would limit
GHG emissions. The actual amounts were of
less significance than the fact that they had
agreed on anything, and laid the foundations
for Paris a year later.

In December 2016 Professor Myles Allen
said that estimates of how much carbon
we can emit and still keep temperature
rise below 20 varied by a factor of three.

Professor Myles
Allen,Head of the
Oxford University
Climate Dynamics
Group
3) Preparation
The French Government worked closely
with the UN and liaised with all other
countries. All the cabinet from President
Hollande down were fully involved, and
especially Foreign Minister Laurent Fabius
and his department, the Quai d'Orsay.
4) Organisation
The organisation, by general consent,
was superb. A fleet of electric taxis
whisked delegates to and from their
hotels, the number of entrances and of
staff were sufficient to ensure there were
no lengthy queues.

Photo Bloomberg Business
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There were plenty of places where weary
delegates could catch a brief sleep, and of
food outlets from cafes to restaurants –
all with excellent food and no waiting. In
short, a master class in how to organise a
world conference.
The chairing of M.
Laurent Fabius
(shown right) was
little short of
brilliant.
5) Bottom-up not top-down. INDCs
It was agreed at COP 20 (in Lima, Peru)
that each country would decide its own
emission-reduction targets, known as
intended nationally determined
contributions (INDCs). By April 2015,
hardly any had, but gentle and persistent
nudging meant that by November all but
a few had been posted. Unsurprisingly,
the total added up to far too much
emissions by the formula in section 2 on
p26.
6) Heads of state or government at start
not end
As Copenhagen showed, if the top
politicians arrive at the end they will not
simply rubber-stamp what officials have
negotiated but will get involved in trying
to re-negotiate what is presented to
them. However, inviting each head of
state or government to make a brief
speech to the opening session constrained
them to talking of general aspirations only
– in a session lasting many hours! – and
left it to more junior ministers or officials
to translate rhetoric into reality.
A last and unforeseen factor was that
the terrorist mass murders only a few
days previously created a courteous and
constructive atmosphere. No one
wanted to be perceived as other than
enormously sympathetic to the French.

What was actually agreed?
1) All countries to detail how they will
achieve their intended nationally
determined contributions (INDCs)
2) All to seek to improve on their INDCs
in future years
3) Stocktake every five years starting in
2023
4) Implementation to start in
2018/2019
5) Rich countries to transfer at least
$100bn a year to poor countries for
combating climate change and
changing to low-emission energy by
2020
6) The agreement to come into force 30
days after the point when 55
countries jointly responsible for 55%
of CO2 emissions have ratified the
agreement, that is, their national
parliaments have approved what their
representatives agreed in Paris in
December 2015
The milestone of 6) above was reached
on October 5, 2016, far sooner than had
been expected, and the agreement therefore
came into force on November 4, 2016, just
as delegates were gathering in Marrakech,
Morocco for COP 22, the 22nd annual UN
conference on climate change.
Then, three days later came the devastating
news of Donald Trump’s election as US
president. Mr Trump has described global
warming as a ‘Chinese hoax’ and said that he
will pull America out of the Paris Agreement.
By December 2017 Mr Trump had still not
implemented his threat. US officials
continued to attend climate conferences,
although one US politician caused hilarity by
asserting that coal was a clean fuel. And
individual states, most notably California,
continued moving to renewables.
Copyright: BEACONS 2018
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MAJOR DIFFICULTIES
Two of the most difficult aspects of the
Agreement to implement will be
1) setting up a mechanism for countries to
report their progress in implementing
their individual targets for reducing
greenhouse gas emissions, and then
for tightening these targets, and
2) deciding how much each rich nation will
contribute to the $100bn a year to be
transferred to developing nations to
enable them to cope with climate
change, and then deciding how the
money is to be divided up between the
developing nations.

the cheapest and most easily available fuel
to be burnt in power stations to meet this
need.
The chart below shows the scale of the
problem as it is now. In the short term,
increasing electricity consumption can only
cause GHG emissions to increase further.
Weaning the world off fossil fuels is not
going to be easy.
BP Statistical Review 2017

The above form a major part of the agenda
for the Marrakesh, Morocco, COP 22
conference in November 2016.

THE BIG PROBLEM
The world is using more and more fossil
fuels. Yet the essential aim is for the world
to be greenhouse gas (GHG) neutral by
2100, that is to emit no more GHGs than are
absorbed. The main GHG is, of course, CO2 .
Until the industrial revolution, the amounts
of CO2 emitted by natural processes and
human activities roughly equalled the
amounts absorbed by rocks, the oceans and
trees, so that the amount in the atmosphere
stayed at around 280 parts per million
(ppm). Since then the use of fossil fuels has
thrown this out of balance so that there is
currently about 400 ppm and rising.
This trend needs to be reversed. The human
race is consuming more and more energy.
Yet at least a billion people out of a total
world population of 7.2bn live in grinding
poverty without electricity. To alleviate their
poverty, electricity is essential. And coal is
Copyright: BEACONS 2018

The next chart illustrates the growing problem.
Notice how coal use is increasing rapidly.
BP Statistical Review 2016
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IMPLEMENTING THE PARIS AGREEMENT, AN UPDATE, APRIL 2018

Source: APF Mail On-line
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COP 22 Marrakech, Morocco
November 7 to 18, 2016
Representatives from most of the 193
member states of the United Nations, in
many cases the heads of government or
state, together with delegations from
hundreds of environmental organisations,
attended the conference.

emissions – were passed on October 5 and the
Agreement became international law 30 days
later on November 4. A second surprise was
greeted with dismay by most of the delegates,
namely the election of Donald Trump as the
next president of the United States of America.
As mentioned previously, Mr Trump, who will
become president on January 20, 2017, has
described global warming as a 'hoax’ by China
and said he will pull the USA out of the Paris
Agreement. There was agreement to continue
on the assumption that Mr Trump will not
actually carry out these threats, and the
representatives of the current president, Barack
Obama, continued to play a full part in the
conference.
The crucial part of the Paris Agreement is that
global temperature rise must be kept to less
than 20C above pre-industrial times, and only
1.50C if possible.

The first Conference of the Parties
(COP) to the United Nations Framework
Convention on Climate Change
(UNFCCC) since the Paris Agreement of
December 2015, its prime purpose is to
work out details for implementing the
Agreement. It was not expected that
the thresholds for the Agreement to
come into force would be reached before
2018. It was therefore a welcome
surprise when these thresholds – 55% of
nations responsible for 55% of CO2
Copyright: BEACONS 2018
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COP 22 SUMMARY
THE MOOD OF THE CONFERENCE
Nicknamed the Implementation Conference,
COP 22 was never going to be as highprofile as COP 21 in Paris in December 2015.
The aim was to start putting flesh on the
bones of the Paris Agreement, even though it
was not anticipated that it would have come
into force by the time the conference began.
The fact that the Agreement was in force got
the conference off to a good start, with
negotiators from the over 190 countries in
optimistic mood.

Everyone assumed a convincing Clinton win
in the US presidential election. The Trump
victory came as a very nasty surprise as he
had committed himself to pulling the US out
off the Agreement. Did this herald the end
of the Agreement?
However, the mood soon changed to one of
confidence that the Agreement was bigger
than any one country, even the one with the
biggest economy. China publicly appealed to
the US not to pull out and American
scientists stated they would petition Mr
Trump with the facts on climate change.

And soon afterwards Australia and the
UK announced that they had ratified the
Paris Agreement.

Also important was that the Moroccan
government’s organisation, while not as
brilliant as the Paris COP, was far better that
many had feared, as Morocco, although not
poor, is a good deal less rich than many
previous host countries. Led by a French
firm, a consortium from several nations had
constructed a special site virtually from
scratch. As in Paris, a fleet of taxis shuttled
delegates, many of them heads of state or
government, between the site and their
hotels in Marrakech. The site design was
good and the site was completed on time.
And the organisation was smooth and
efficient.

The news, that came during the conference,
that the World Meteorological Organisation
had said that 2016 was almost certainly going
to be the warmest year on record helped
create an atmosphere of determination to
agree on actions to implement the
Agreement.
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COP 22 ACHIEVEMENTS

Determining the details of implementing the
Paris Agreement is immensely complicated
and, despite a great deal of work that has
been done in the interval between COP 21
and COP 22, final agreement on these
details was never a realistic prospect at
Marrakech. But a timeframe was agreed:
details should be completed by 2018, with a
review of progress in 2017.
The aim at Marrakech was to define the
issues at stake and outline what kind of
documents and workshops will be needed
to make sense of them by the 2018
deadline.

OUTCOMES
Nevertheless, there were some important
outcomes.
1) Countries were urged to continue
scaling up their financial contributions
towards the pre-agreed “$100bn a year
by 2020” goal,
2) Countries agreed to work to achieve a
better balance between adaptation
(preparing to live in a warmer world)
and mitigation (curbing GHG emissions
to reduce global warming).
3) Countries agreed in Paris that they would
convene in 2018 to take stock of how
climate action was going so far — a
Copyright: BEACONS 2018

discussion that is intended to inform the next
round of national pledges, known as nationally
determined contributions, or NDCs. it was
decided that the presidents of COP22 and the
forthcoming COP23 would consult with countries
on the organisation of this dialogue and report
back on their findings in a year’s time.
4) A key theme of COP22 was how best to create a
fair “rulebook” that all countries could share and
have confidence in when assessing each other’s
climate pledges. The technicalities of the rulebook
– baselines, methodologies, etc – will be worked
on before COP 23.
5) Countries start to address topics such as slowonset impacts of climate change, non-economic
losses (for example, culture and identity) and
migration. In other words, dealing with climate
impacts that are beyond adaptation.
6) The Marrakech Action Proclamation, issued by
heads of state and government gathered at the
COP, was widely seen as a reaffirmation of global
commitment to the Paris Agreement, despite Mr
Trump’s election victory. “We welcome the Paris
Agreement…and we affirm our commitment to its
full implementation,” it says.
7) A new fund to encourage transparency efforts
was established and given a $50m injection of
cash from countries including Australia, Canada
and Germany.
8) The 2050 Pathways Platform was launched to
help other places and organisations to formulate
long-term plans. So far, 22 countries, including
the UK, 15 cities and 196 businesses have
committed to do this.
9) Forty seven of the world’s poorest countries
committed to generating 100% of their energy
from renewable sources as soon as possible. They
also pledged to update their nationally
determined contributions before 2020 and to
prepare long-term strategies.
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COP 23 BONN, GERMANY
(ORGANISED BY FIJI)
SUMMARY

Photo Wikipedia
Owned by the German government, the conference
centre is used rent-free by the UN. It was opened by
then UN Secretary General Kofi Annan and Chancellor
Angela Merkel in 2006 and expanded in 2013. Several
UN organisations are based there.

While organised by Fiji, the conference was
held at the UN campus in Bonn, Germany,
from 6-17 November 2017. As the first
conference since Donald Trump pulled the
United States out of the Paris Agreement,
the focus was primarily on the next steps
that would consolidate climate action on the
path set in COP21, the Paris Accord of
December 2015.
Syria announced its intention of signing
the Accord, leaving the United States as
the only country not in the Paris Accord. An
unofficial, pro Accord, US delegation
attended as well as the official one. Many
talks focused on the consequences of US
withdrawal. China took a leading role in
the climate change coalition but insisted
that implementing the Accord was a
collective effort rather than a single
country leading others.

A series of important advancements in climate
protection measures were discussed across a
range of areas. Decisions were made for
phasing out coal through the introduction of a
“Powering Past Coal Alliance”. The topic of
loss and damage caused by climate change
was acknowledged as one of the key pillars of
climate action, with a view of being refined
and further specified in the near future.
Significant progress was made on linking
agriculture and climate change, with countries
agreeing a clear path on dialogue and
proposals.
In order to facilitate further discussions on
implementing the Paris Accord, the organisers
proposed a version of the “Talanoa Dialogue”
for use in future COPs. It is a traditional Fiji
concept of constructive discussion for an
inclusive, participatory and transparent
process and structured around the following
questions: “Where are we? Where do we
want to go? How do we get there?”
With constructive communication in mind, the
conference came to a close discussing
pre-2020 actions on the path towards the
Paris Agreement and coming into effect after
2020. COP24 will take place in Katowice,
Poland, refining the details of the Paris Accord
and implementing the Talanoa Dialogue in the
discussions.

Xie Zhenhua, China’s head of delegation at COP23 in
Bonn, with staff. Credit: Carbon Brief.
Copyright: BEACONS 2018
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Bonn, Germany: AOL Images

Katowice, Poland: Trip Advisor

NEW UN SECRETARY-GENERAL
Mr Guterres, successor to Ban
Ki-moon, Secretary-General
since 2007, assumed office on
January 1, 2017. Aged 67 and
a former prime minister of
Portugal, he is the ninth holder
of this post. All have been
male.

of Katowice is surprising as it is at the centre of
the biggest coal mine in the EU and, therefore,
likely to suffer the largest loss of jobs as coal is
phased out.

President Trump pulls USA out of
Paris Accord
António Guterres

Unusually, he is a scientist and was a professor of
systems theory and telecommunications before
entering politics.
The Secretary-General is the chief administrative
officer of the United Nations, and appointed by
majority vote in the General Assembly.

UN CLIMATE CHIEF
Since July 2016, Patricia Espinosa
has been Executive Secretary of
the United Nations Framework
Convention on Climate Change
(UNFCCC).
Successor to Christiana Figueres,
Patricia Espinosa
Ms Espinosa, a career Mexican
diplomat, has been foreign minister and ambassador
to four countries. A mother of two, she is fluent in
four languages and in 2015 was appointed to Mr
Ban’s high level panel on sustainable development.

COP 24
The 2018 conference would be in the Polish
town of Katowice. This is likely to be the most
important conference since Paris, when firm
commitments will determine the detailed
implementation of the 2015 Accord. The choice

On June 1st, 2017,
President Trump
announced that he was
pulling the USA out of
the Paris Accord, saying
that it was a dreadful
deal for America that
would cost thousands of
jobs, despite the fact
that it is no more than a
set of intentions at this
stage and does not
commit any nation to
anything.

www.nydailynews.com/
news/world/france-mocksdecision-pull-climate-dealarticle-1.3217769

Nearly all world leaders, led by the EU and
China, deplored this action with only president
Putin of Russia supporting it. A public letter to
Mr Trump was signed by all EU leaders except
the UK prime minister, Theresa May, who
spoke to him on the phone and expressed her
disappointment. She said the UK remained
committed to the Accord.
In January 2018 President Trump seemed to
be wavering on withdrawal. And President
Macron of France said that Mr Trump was
mistaken in saying the Accord was unfair to
America as it contained only promises not
treaty obligations.
Copyright: BEACONS 2018
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RENEWABLES AND
ENERGY STORAGE

Iceland, which has sufficient hydro power
for all its energy demands. The calculations
underpinning this assertion are to be found
in the, sadly late, David MacKay’s wonderful
Sustainable Energy, available free to read or
download at http://www.withouthotair.com/
download.html There have been many
technological developments since it was
published in 2008 but the basic physics has
not changed.

THE PROBLEM
In December 2015 the nations of the world
agreed with near unanimity that we must
move rapidly to stop burning fossil fuels. (At
the time of writing it seems likely that the
USA under President Trump will pull out of the
Paris Accord, but they have not yet done so).
Given that at least 70% of the world’s energy
comes from fossil fuels, how can this be
done? (See Chapter 4, pp26-33)

ALTERNATIVES TO FOSSIL FUELS
(See also Chapter 7 pp46-57)
NUCLEAR
Non - GHG emitting sources include nuclear.
There are about 450 nuclear power stations
in the world. They don’t emit GHGs but
nuclear waste is a major problem. If nuclear
fusion, as opposed to nuclear fission which
all current nuclear power stations use, could
be made to work, the problem of waste
would be solved. However, this is decades
off, if ever.
RENEWABLES
These include solar, wind, wave, tide, hydro,
biomass and geothermal. All apart from solar
have upper limits which fall far short of most
countries’ needs. One of the few exceptions is
Copyright: BEACONS 2018

solar panels & wind turbines

Solar energy is in a class of its own. It has
been calculated that the amount of solar
radiation striking the planet in 90 minutes is
equal to the total energy consumption of the
whole world for a year. There are two
problems. First, what to do at night and,
second, what to do in non - tropical countries
in the winter when there is insufficient sunlight.
For both a means of storing energy is needed.
STORING ENERGY
Battery development has exceeded all
expectations, making electric cars and
household overnight storage realistic, but
there is no prospect of being able to store
country-sized amounts for months in
batteries. Instead, research into converting
energy into a fuel such as hydrogen or fueloil seems much more promising.
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DILEMMAS
Mitigation or Adaptation
The overall aim of the Paris Agreement is to
stabilise atmospheric carbon dioxide levels at
no more than 450ppm by the end of the
century. The major difficulties in implementing
the Agreement were outlined on P 28. One
might conclude that there is little chance of
the overall aim being achieved. In which case,
perhaps all nations would be better advised to
concentrate on ways the human race can
adapt to a much warmer world.
Safe Coal
The chart on P 28 shows just how dependent
the world is on fossil fuels for its energy. So,
perhaps, rather than put enormous efforts
into developing carbon-free energy, we should
be concentrating on removing GHGs from
fossil fuels by carbon capture and storage.
Today’s poorest versus our great-great
grandchildren
About 850,000 people today live in hopeless,
grinding poverty, a big proportion of them in
India. The one thing they need above all is
electricity. Only coal offers any realistic
prospect of providing it. How do we balance
the needs of today’s poorest against our duty
to leave a sustainable world for our
descendants?

CANADA AND THE USA AGREE A
JOINT DEAL

During Mr Trudeau’s state visit to Washington,
he and President Obama agreed to a new joint
climate change effort between the two
countries. The deal focused on, among other
things, reducing emissions of methane,
instituting the goals of the Paris climate
conference and improving oversight of the
Arctic Ocean.

RECORD RENEWABLE INVESTMENT

Photo UNEP

Global investment in renewable energy
reached record levels in 2015, according to
a new report from the UN Environment
Programme (UNEP) and Bloomberg New
Energy Finance (BNEF) dated March 31,
2016.
More surprisingly, perhaps, the report
shows that the $286bn poured into green
energy was more than double the spending
on coal and gas-fired power.
It also shows, for the first time, that more
renewable power capacity was added than
other sources and that renewable energy
investment was mostly in developing
countries.
BUT as the chart on page 28 shows,
world energy is still overwhelmingly
provided by fossil fuels.

Photo Politico
Canadian Prime Minister Justin Trudeau addressing a
White House banquet in March 2016
Copyright: BEACONS 2018
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CHAPTER FIVE

WHY CAN’T THE NATIONS AGREE?
As we saw in Chapter Four, there are a great
many things the nations of the world have
agreed on. But on curbing GHG emissions,
which nearly all nations agree is of the utmost
importance, a binding treaty has not been
signed.

MEASURING A COUNTRY’S GHG
EMISSIONS

It is not for want of effort. For over 20 years
during which there have been no fewer than 21
major United Nations conferences, innumerable
smaller ones and countless hours of meetings
involving politicians, officials and scientists
from nearly every nation.
Yet we seem little closer to a general
treaty on reducing carbon emissions than
we were at the start.
In July 2012, a very senior UN official, David
Nabarro, the UN’s Special Representative for
Food Security, told a conference in Oxford that
this year’s Rio summit was ‘a kind of funeral
procession for the idea that 192 countries can
get together and change the world’ (Times
18/07/12).
This chapter looks at the difficulties in agreeing
a treaty.
If you want to know a little more about
emissions and their measurement, please go to
the boxes.

http://www.thenakedscientists.com/HTML/
content/latest-questions/question/2517/

In fact, with rare exceptions, emissions
are not measured directly. Instead, they
are deduced from the amounts of different
types of fuel burnt by the whole country.
All countries now use the same,
complicated, formulae, which are published
as a five volume set of guidelines by
the IPCC as part of the UN Framework
Convention on Climate Change. This
convention, you might recall, came out of
the 1992 Rio conference on climate change.
How reliable are these estimates of
countries’ carbon emissions? No one
knows. The biggest source of uncertainty
is probably the reliability of overall fuel-use
statistics for different countries.
Copyright: BEACONS 2018
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WHY CAN’T THE NATIONS AGREE?

IMPEDIMENTS TO AGREEING A TREATY RESTRICTING
CARBON DIOXIDE EMISSIONS

TONS, PPMV, CARBON AND CO2
Confusingly, we are given the amount of CO2
in the atmosphere in parts per million by
volume (ppmv or sometimes simply ppm), but
emissions per country are given in gigatons (a
gigaton is a billion tons) of CO2 or of carbon.
The Mauna Loa reading of CO2 in the
atmosphere reached 400 ppm in May 2013
and appears to be increasing by over 2ppmv
a year.
According to the authoritative US Energy
Information Administration, the world emitted
about 32 gigatons (that is 32,000,000,000
tons) of CO2 in 2010, a figure which they say
is based solely on estimated consumption of
fossil fuels.

HOW BIG A REDUCTION IN WORLD CO2
EMISSIONS WOULD BE ENOUGH TO
AVERT CATASTROPHE ?
There is no certainty in answering this question.
Most climate scientists think that a rise in
average global temperature of more than 2˚C
above pre-industrial levels would risk disaster. It
used to be thought that this meant keeping
atmospheric CO2 below 450ppm. The level is
now 400ppm and seemed likely to reach
450ppm by about 2035. However, the levelling
off of the rise in global temperatures has
caused a revision of this forecast.
An IPCC leaked draft to The Economist in mid
July 2013 is shown below:

So, currently, an extra 16 gigatons of
CO2 appears to cause an increase in the
atmosphere of one part per million by volume
of the gas.
CO2 is not the same as carbon. Each
molecule of CO2 consists of one atom of
carbon and two atoms of oxygen. The ratio
of the weights of a carbon atom to an oxygen
atom is 3 to 4. As 3 plus 2x4 equals 11, when
3 tons of carbon is burnt it produces 11 tons
of CO2.
This figure is not constant. A rise in
temperatures or an increase in the amount
of vegetation, for example, would lead to an
increase in the amount absorbed and hence a
decrease in the amount in the atmosphere for
any given quantity emitted.

This would seem to imply that we have around
another 60 years to do something. But then
came media headlines that scientists said a
vast explosion of methane, 23 times more
powerful a greenhouse gas than CO2, from
melting Arctic ice is likely in the next ten years.
This was later denied as a gross exaggeration
by the scientists concerned. So don’t believe
all you read even in the serious press.
Copyright: BEACONS 2018
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WHY CAN’T THE NATIONS AGREE?

IMPEDIMENTS TO AGREEING A TREATY RESTRICTING
CARBON DIOXIDE EMISSIONS
The chart below, produced by the highly
respected Potsdam Institute for Climate Impact
research in 2007 shows facts that are at the
core of many difficulties.

emitters by far are the rich developed nations,
it is their members who are suffering and are
likely to suffer most in the future from any
consequent climate change.
So morally it must be the richest which cut
emissions the most, while the poorest should
not have any restrictions.
The Canadian Dilemma
What if a country has a natural resource that is
potentially very valuable but can be exploited
only at the cost of large CO2 emissions? Could
any government of a democracy survive if it
deliberately denied its citizens the chance of
great wealth?

The only significant change since 2007 is that
China's emissions per person now exceed
those of the EU.

Poor nations want to become rich, and
need energy to do so

Emissions per Country or per Person?

Furthermore, the poorest nations want to
emulate the rich developed nations and
become rich by industrialising. That means
generating energy, which must at the moment
largely be from burning fossil fuels, and thus
increasing CO2 emissions.

While China, India, Brazil, Indonesia and other
rapidly industrialising countries are emitting
large amounts of CO2 country-wide, the
emissions per person are far less than in the
rich developed countries. For example, China
has overtaken the USA in total CO2 emissions,
but its emissions per head of population are
only about a third of America’s.
So which nation should curb its emissions the
most?
Rich countries prosper by burning fossil
fuels: the poorest suffer as a consequence
The poorest nations especially point out that
while historically, and currently, the biggest
Copyright: BEACONS 2018

Which nations are rich, and which poor?
Led by the then British Prime Minister, Gordon
Brown, in 2009 the 27 nations of the European
Union agreed that the EU should give the
poorest nations of the world 100bn euros
($148bn; £90bn) a year by 2020 to help them
combat climate change provided other rich
nations made similar undertakings. However,
the nine poorest members of the EU say they
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WHY CAN’T THE NATIONS AGREE?

IMPEDIMENTS TO AGREEING A TREATY RESTRICTING
CARBON DIOXIDE EMISSIONS
should not have to contribute. Furthermore,
which poor nations should be recipients, and
how much each should get, are major problems
that were not resolved at Copenhagen. In late
2014 the rich nations said that $10bn had
now been pledged and this would trigger a
total of $100bn. But little had been donated
by March 2015.
Whose emissions are they anyway?
Britain and other rich nations proudly proclaim
the emission reductions they have made in
recent years and how they are on course
to meet their Kyoto targets. But, as China
especially points out, this is almost entirely
because manufacturing has shifted to China
and other industrialising countries, and much
of their production is exported to the rich
nations. They say that the emissions involved
in producing goods for a rich nation should be
debited to the rich nation.
Trees
It is not easy to decide how much credit
should be given to a nation for refraining from
cutting down its forests, or for planting new
ones. China is a particularly difficult case. It
has planted far more forests in recent years
than any other country, but has also, in its
exploitation of other countries’ minerals,
been indirectly responsible for widespread
destruction of forests elsewhere.
Are all nations equal?
Then there is the structure of the United
Nations itself. As was found at Copenhagen,

putting representatives of 192 nations,
including over 100 heads of government, in
one hall does not make for calm and rational
debate. And if all are allowed an equal say, it
may be democratic but it can lead, as it did,
to the situation, that many found absurd,
of Tuvalu, population 11,000, holding up
proceedings for several hours in protest at its
views not being accepted.
Problems of a world conference
Furthermore, as the Danes found out to
their cost in 2009, a hundred-plus heads
of government present an impossible
management task. Each has their own
entourage and bodyguards, wants to arrive
with their own cavalcade and ignoring local
traffic rules, and is not likely to follow a
schedule very precisely. And if, as happened
at Copenhagen, many are obliged to queue
for long periods to get in, especially if it is
snowing, as it was, they are not likely to be in
a good frame of mind. Add to this that large
numbers of bodies such as Greenpeace are
accredited to attend as observers, and that
thousands of protesters, not all peaceful, want
to demonstrate vociferously, it is perhaps
remarkable that conferences take place at all.
The disadvantages of democracy
The rich Western nations such as the USA
and the older European countries are all
democracies and their governments cannot
simply over-ride pressure from those whose
Copyright: BEACONS 2018
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WHY CAN’T THE NATIONS AGREE?

IMPEDIMENTS TO AGREEING A TREATY RESTRICTING
CARBON DIOXIDE EMISSIONS
livelihoods are jeopardised by cutting emissions
in their sectors. For example, President Obama
met furious resistance in Congress from coalproducing states to any plans to reduce coal
production or emissions from coal power
stations. The US president does not have the
power to over-rule Congress.
Public Opinion
Opinion polls in all countries show a sharply
reduced percentage of people who believe
climate is changing as a result of human
activity. This has weakened the resolve of many
legislators to enact effective legislation to
control GHG emissions, most notably in the
United States where President Obama
abandoned trying to get a climate bill through
Congress. In December 2014 a poll of 12
countries showed over two-thirds of people
agree that humans are contributing to climate
change, ranging from over 90%in Brazil, Italy
and China to about two-thirds in the US, Russia
and Japan. The UK is roughly in the middle. For
details go to http://www.carbonbrief.org/
But polls in all countries show far less support
for any meaningful action to reduce carbon
emissions.
Legal Action
There has been an increase in climate-related
lawsuits against companies who are viewed as
harming the environment. An increasing number
of climate-related laws and policies enable
citizens to pursue governments and companies
for shirking their obligations; better climate
science makes it possible to apportion blame for
specific emissions, putting pressure on those
missing their national and corporate pledges.
Copyright: BEACONS 2018

CURRENT WEALTH INEQUALITY
The world’s population can be divided into three
broad categories.

•

At the top are rich people like us who enjoy a
range of goods and services far in excess of
that of the vast majority of people alive today,
or who have ever lived.

•

Then there are the majority of people whose
range of goods and services is much less than
ours and who are poor by our standards but are
catching up and are not stuck in abject poverty.
Many people in India, China and other far
eastern countries are in this category.

•

Lastly, there is the third category of those who
lack almost everything we take for granted
and are not catching up but are stuck in the
most abject poverty, whether one uses the
$1.25 yardstick or a more sophisticated
multidimensional poverty index.
The numbers in each category are about
as shown in the diagram below.

1.5 BILLION
RICH

4.7 BILLION
POOR BUT
CATCHING UP

1 BILLION STUCK IN
ABJECT POVERTY
(LESS THAN $1.25 A DAY)
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WHY CAN’T THE NATIONS AGREE?

THE CHALLENGE OF POVERTY

The point is obvious: the 5.7 billion who
are not among the 1.5 billion rich, would
like to enjoy our standard of living. And that
means consuming our levels of energy.
THE SUPER RICH
The chart on the previous page is incomplete.
It doesn’t show the super rich. There are so
few of them that it would be no more than
a line so thin as to be invisible. But they are
important.
In January 2015, Oxfam said that 'just 80
people now own as much wealth as half the
world's population, while nearly a billion
people can barely afford to feed their
families.' Many believe this cannot continue,
even though some are like Bill Gates, working
hard to give most of it away.
One effect of huge wealth is to put very great
power in the hands of a few. But even those
who think this is a great injustice cannot
suggest any acceptable way it could be
rectified. And maybe it doesn’t matter much
anyway. There always have been a minute
number of vastly wealthy. Just look at the great
houses of a century or more ago.
THE CHALLENGE OF POPULATION GROWTH
The United Nations estimates that the
population of the world has now reached
7.2 billion, up from 6 billion in 2000.
Copyright: BEACONS 2018

The UN median probability estimate is for 9.6
billion by 2050. So 10 billion by 2100 seems
perfectly possible, but fertility rates are falling
or increasing more slowly in all except the
poorest countries, so a much smaller figure
is by no means impossible. Some experts
even think there will be fewer people in 2100
than now. But let’s work on the assumption
there will be 10 billion sometime in the future,
which would be a huge challenge even without
climate change and the generally accepted
need to reduce greenhouse gas emissions.
The rest of this Guide looks in detail at what
seems to be involved in meeting this challenge.
In particular, there are four essentials without
which all the other things necessary for a good
life are impossible:
•

	
Energy
- for transport, heating medical
services and the manufacture of the
essentials for a satisfactory life;

•

	Food;

•

	Water;

•

	Shelter – a roof over our heads

What are the prospects of providing enough of
each of these for 10 billion people?
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CHAPTER SIX

ENERGY EQUALITY FOR ALL
PRESENT ENERGY INEQUALITY

The crucial point is that since carbon emissions
are closely related to energy consumption,
these inequalities are also for energy
consumption.

The chart above, which has already been
shown in the previous chapter, shows very
clearly the inequalities in carbon emissions.
The chart in the next column, from David
MacKay’s ‘Sustainable Energy’,
http://www.withouthotair.com/download.html

shows these inequalities in greater detail. The
figures are for 2000 but have not changed
much. The figures for 2009, the latest I could
find, show the overall picture is the same.
Emissions by the worst large countries have
gone down a little, mainly because of the world
recession, while Qatar is still the runaway
leader at 58.01 tons of CO2 equivalent per
person per year.
5 Gigatons of CO2 equivalent per person per
year is the average for the whole planet.
Professor MacKay illustrates this with the box
in the top right of his diagram.

http://www.wikiprogress.org/index.php/Co2_
Emissions
Copyright: BEACONS 2018
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ENERGY EQUALITY FOR ALL

ENERGY SOURCES AND CO2 EMISSIONS

It is estimated that world energy consumption
is currently growing at between 2% and 3%
a year.

WHERE THE WORLD’S ENERGY
COMES FROM
EXERCISE
Most of the world’s electrical and heat energy is
generated by burning the fossil fuels of coal, oil
and natural gas. What do you guess (or maybe
you know) the percentages of each of the
following to be for the whole world?

HOW GREEN IS MY ENERGY?
That is: How much CO2 is emitted as a result
of the energy I consume?
The following is from MacKay p335
http://www.withouthotair.com/download.html

Oil

Fuel type emissions (gCO2 per kWh of chemical
energy)

Coal
Gas

Natural gas

190

Refinery gas

200

Ethane

200

Lpg

210

Jet kerosene

240

Petrol

240

Gas/diesel oil

250

EXERCISE ANSWERS

Heavy fuel oil

260

Here are the figures for 2006

Naptha

260

Hydroelectric
Nuclear
Geothermal, wind, solar, wood, peat
Then compare your estimates with the
figures below for 2006 given in The Times for
20/10/09.

Oil

36%

Coking coal

300

Coal

27%

Coal

300

Gas

23%

Petroleum coke

340

Hydroelectric

7%

Nuclear

6%

Geothermal, wind, solar, wood, peat

1%

(Source: The Times 20/10/09)
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As you can see, natural gas at 190 is
substantially greener than coal at 300. Which is
why the recent discoveries of large amounts of
natural gas should lead to a reduction in
emissions.
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ENERGY EQUALITY FOR ALL

PRESENT ENERGY INEQUALITY

(Converting a power station from coal to gas
is relatively easy and cheap).
And, of course, nuclear, hydroelectric,
geothermal, wind, wave, tidal and solar
produce no emissions at all. But there will
be emissions from making and constructing
the dams, windmills, power stations and
transmission systems. In the case of nuclear
particularly, these are not negligible.

http://flickrhivemind.net/Tags/rch/Recent

Look at David MacKay’s chart again. Suppose
all countries were to reach the level of
10GtCO2, just below the UK’ s current figure.
This would imply roughly a tripling of current
CO2 emissions. And that is without taking into
account any overall increase in population.

CAN RICH NATIONS REDUCE
ENERGY CONSUMPTION?
While all rich nations could reduce significantly
the amounts of energy they consume, their
ability or willingness to do so depends in part
on their geographical circumstances and the
sort of weather they have.

Copyright: BEACONS 2018

46

ENERGY EQUALITY FOR ALL

ENERGY CONSUMPTION FACTORS

EXERCISE

Qatar’s CO2 emissions

List all the factors you can think of that will
influence the energy consumption of a rich
country. Then compare your list with mine
below.

Qatar emits more CO2 per person than any
other country. Why? It is a small, very hot
gulf state sitting on an immense gas field
which it has exploited intelligently and hence
become the richest nation in the world per
head of population (not counting the 50% of
the people there who are foreign workers,
doing all the menial tasks). It burns large
amounts of its gas to power air conditioning
and desalination plants, and hence emits vast
quantities of CO2.

EXERCISE ANSWERS
Here are the ones that occur to me:
•

	 country such as Sweden that experiences
A
very cold winters will need to use more
energy for heating homes and offices than
one that does not.

Desalination has given it copious
amounts of water for, among other
things, football pitches and golf courses.
The 2022 World Cup for football is to be
held there in air-conditioned stadiums
with lush playing surfaces.

•

	
And
a country that experiences both very
hot summers and very cold winters will
use energy for air conditioning in the
summer and for heating in the winter.
Russia for example.

•

	 a country containing regions that are
In
large in area but sparsely populated people
will tend to drive greater distances and
have larger cars.

COP 18 was held there in December 2013.

•

	
The
American Mid West is an example of the
preceding point, and it is also a region with
very large farms demanding large tractors
covering considerable distances. Likewise
the Canadian prairies.

If the world is to have any chance of keeping
atmospheric CO2 below 450 ppmv, the rich
nations, and China especially, will have to
reduce emissions to near zero. What this
would mean is explored in the next chapter.

•

	 Canada and the USA for example, in
In
many places shopping is only feasible by car.

•

	
And,
of course, there may be a car culture
such that no one walks or cycles even
short distances.

Copyright: BEACONS 2018

KEEPING CO2 BELOW 450 ppm
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CHAPTER SEVEN

ENERGY FOR 10 BILLION WITHOUT CO2
CARBON CAPTURE AND STORAGE OR SIMPLY CCS
Assuming current population trends
continue, the UN median probability
forecast a world population of 9.6 billion
in 2050, compared with ‘only’ 7.2 billion
today. But if fertility rates in some
poor countries fall to those of the rich
countries, population could actually fall.
For the sake of argument I’m going to
assume 10 billion at some date later this
century. If all these people are to enjoy
satisfactory lives, at least three times as
much energy will need to be generated
while at the same time reducing CO2
emissions to near zero.

Or, if you can cope with something a bit more
complicated, here is how the BBC show it:

Some challenge! What are the prospects?
The good news is that there is easily
enough fuel. The bad news is that most of
it is in the form of coal, oil or gas – all of
which emit CO2 when burnt. Could all this
CO2 be mopped up? Possibly. But the one
fuel which does not emit CO2 when used is
uranium. And there is estimated to be at
least enough for the next 9,000 years.

Simple, isn’t it? The only snag is that although
it has been demonstrated in the lab to be
feasible, no industrial-scale plant has yet been
built anywhere. But governments worldwide
are investing large sums in trying to get it to
work – the DECC estimates £75 bn worldwide.

CARBON CAPTURE

An organisation called The Global CCS Institute
lists 75 projects.

Here’s how it would
work. The CO2 emitted
when fossil fuels are
burnt is captured,
liquefied and then
securely buried. The
UK Department of
Energy and Climate
Change (DECC) website
illustrates the process with this diagram.

http://www.globalccsinstitute.com/

One in Canada is expected to start operating in
2014.
The UK government, among others, is banking
on CCS in achieving its ambitious targets for
emission reductions.
In April 2012, for a second time, the DECC
offered a prize of £1 billion for the first
company to build a successful CCS plant in
Copyright: BEACONS 2018
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CCS AND RENEWABLES

the UK (the first competition collapsed in 2011
when the winning consortium, failed to agree
financial terms with the government).
Another trending technology is carbon capture
and use (CCU), which aims to use the
captured carbon to develop useful resources,
ranging from aspirin, to fuel and even
construction
materials.
Most
of
these
initiatives are looking to scale production up
but, even then, according to New Scientist,
they could utilise up to 7 gigatonnes CO2 per
year. Current world CO2 emissions are
estimated to be about 30 Gt.
One further point: the energy required to
liquify the CO2 is about 25% of the power
station’s output, so it would be necessary to
build 33% more power stations to get the
same power output as ones without CCS. See
MacKay pp157 to 160. His conclusion is that
‘clean coal is only a stop-gap’
Furthermore, a great deal of CO2 is emitted
by cars using petrol or diesel as fuel. So, if
zero emission power stations are possible,
electric cars would be essential.
But suppose CCS cannot be made to
work. What are the alternatives?
RENEWABLES
Renewable energy source is defined as a
source that will not run out.
Renewable energy sources include wind –
onshore or offshore, wave, tidal, solar,
biomass, hydroelectric, geothermal.
We'll look at each of these a bit later. But first…
Copyright: BEACONS 2018

Wind

Onshore wind farm

http://www.siemens.co.uk/

In other words, there is no guarantee that
electricity will be generated when it is needed.
What if the wind drops? Or is too strong?

Offshore wind turbines
http://www.climatetechwiki.org/technology/offshorewind

Offshore turbines are much less likely to be
affected by the vagaries of wind than onshore
ones. But they are much more expensive to
make and install, and to service. But wind is still
essentially only an intermittent source of
electricity.
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The world’s first floating wind farm started
producing electricity on October 18th 2017,
with a set of five turbines sited 100mm above
the seabed and providing electricity for up to
20,000 homes. The innovative stabilisation
system used in this scheme enables anchoring
to greater depths, taking renewable energy
production into a new era.
So how can a country even out the supply of
electricity if a substantial amount comes from
wind?
One way of reducing variations in power
output is to build a grid linking turbines in
different areas in the hope that if the wind
drops in one it won’t in all. This could entail
several countries working together, which is
exactly what the UK is planning, together with
nearby countries, including those bordering
the North Sea, Ireland and Iceland.
Nevertheless, it will still be the case that
electricity will be generated at night when
demand is low, and this will be wasted unless
it can be stored. More on this later.
Wave
Wave consists of
devices that go up
and down in the
waves generating
power.
A company called Pelamis Wave Power
is developing a method of offshore wave
energy collection, using a floating tube called
‘Pelamis’.

This long, hinged
tube (about the
size of 5 railway
carriages) bobs
up and down in
the waves. As the
hinges bend they
pump hydraulic
fluid which drives
generators.

Photo: Wikipedia

WAVE

Large storm waves pose a
challenge to wave power
developers

Politicians commonly greatly overestimate the
power of waves. It might look as if a great wall
of water is rushing towards you, but in fact
the water is merely going up and down, like a
Mexican wave at a sporting event. (Or, more
precisely, moving in an ellipse)
Tidal Pools
Tides can be harnessed in several ways, the
commonest being a pool that fills up as the tide
comes in and then drains generating power
until the next incoming tide.
This is not a new idea. Woodbridge in Suffolk
has had a water mill and tidal pool for at least
900 years.
The government has, so far, rejected the idea,
backed by many experts, of building a barrier
across the mouth of the Severn. It is estimated
that at least 5% of our electricity demand
could be met by this. But there would be much
damage to wildlife, the famous Severn Bore
would be no more, and locks would be needed
so that container ships could get to Portishead.
Copyright: BEACONS 2018
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TIDE

The Severn Bore is one of Britain’s few truly
spectacular natural phenomena. It is a large
surge wave that can be seen in the estuary of
the River Severn, where the tidal range is the
2nd highest in the world, being as much as 50
feet (approx. 15.4m).

Tidal Streams
A problem for all off shore generators is getting
the electricity to the shore. This can be done,
but is expensive.
The world's first
commercial axial turbine
tidal stream generator in
Strangford Lough,
Northern Ireland. The
strong wake shows the
power in the tidal current.

Photo: Wikipedia

Tide

There is a much bigger problem for Wind,
Wave, and Tidal; and to a lesser extent for
Solar.
They are all intermittent sources of power,
sometimes generating too much and at other
times too little electricity. The problem is most
acute with wind. The solution must be a way of
storing electricity.
Methane Hydrate
Methane hydrate consists of a lattice of frozen
methane found on the sea bed in many parts of
the world. The technical problems in extracting
it are formidable.

http://en.wikipedia.org/wiki/Severn_Barrage
http://www.severn-bore.co.uk/
Copyright: BEACONS 2018

If they can be overcome, it could produce vast
amounts of energy, possibly dwarfing all other
oil, gas and coal combined. And it promises
to emit far less CO2 than other hydrocarbons,
although methane itself is a very powerful
greenhouse gas. Serious research started only
this year, mainly by Japan which urgently needs
a source of energy following the tsunami which
overwhelmed the nuclear plant at Fukishama.

51

ENERGY FOR 10 BILLION WITHOUT CO2

STORING ELECTRICITY

STORING ELECTRICITY

	 further 12 sites in Scotland have pump
A
storage potential.

So how can electricity be stored?
The answer to this is crucial if the world is to
generate substantial amounts from wind and
other renewables.

http://www.darvill.clara.net/altenerg/pumped.htm

There are essentially only three ways
currently.
•

	
Use
the power when there is a surplus
to raise something, usually water, uphill
and let it fall back, generating electricity
when there is a shortfall. With water, this
is called pump storage. There is such an
arrangement at Dinorweg in North Wales.
	 can provide 1320 MegaWatts in 12
It
seconds and run for several hours.

•

	
RWE,
the German company, is planning
a second way; use surplus power to
compress air, which can be released to
generate power when needed.

•

	 third way is operational in California
A
and Spain for solar plants. It consists of
using surplus power to store energy in
molten salt.

•

	
One
possibility for the future will work
when a country has most of its cars
running on electricity with service stations
being places where you swap a charged
battery for one that is running out of
power. Several million batteries would
be on charge at night when demand is
low and could run in reverse and provide
power to the grid if necessary.

All of these are only able to store relatively
small amounts of energy. There is an
urgent need for a means of storing much
larger amounts and for batteries for electric
cars that are much lighter than present
ones. Graphene might just be the answer.

Copyright: BEACONS 2018
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Hydroelectric
Hydroelectric is already common in countries
such as Iceland and Norway. And in China.

http://en.wikipedia.org/wiki/Three_Gorges_Dam

The Three Gorges Dam in China, the largest
hydro-electric power station in the world,
became fully operational on July 4, 2012.
The main disadvantage to hydroelectric schemes
is the disruption to people and ecosystems.
The construction of Three Gorges Dam meant
that an estimated 1.2 million people had to be
re-located, often by force, and some 150 towns
were flooded. Many consider it to be a human
and environmental disaster.
There is also the danger of the dam failing and
vast amounts of water cascading down the
valley below. In 1963 some 2000 people lost
their lives when the Vajont dam in Italy failed.
Dams generally are now considered to be a bad
thing and many countries, most notably the
United States, are now removing more dams
than they are building.
Copyright: BEACONS 2018

Geothermal consists of boring two very
deep holes down to a stratum of hot rock and
pumping cold water down one so that hot
water comes up and out of the other.

Steam rising from the Nesjavellir Geothermal
Power Plant in Iceland - Wikipedia

Geothermal is not really a renewable. After a
bit, the hot stratum of rock cools down and
cannot be used anymore.
Waste Incinerators
These produce electricity by burning domestic
waste. There is considerable opposition to them
in the UK, led by Greenpeace and a special
organisation UKWIN, United Kingdom without
Incineration Network:
http://ukwin.org.uk/resources/table/

Each one in the UK has to be licensed by a
government agency, and they are growing in
number. There are now 31 municipal waste
incinerators in the UK.
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WASTE, BIO AND SOLAR

Denmark and Sweden are
world leaders in waste
incineration and currently
generate about 4% of
their electricity from it
– at least ten times the
UK figure per person.
However, such plants
do emit some CO2 and,
worse, methane which is
23 times as powerful as
CO2. But they do solve
the problem of what to do
with household waste.

However, Dorothy Thompson, Chief Executive
of Drax, says:

Photo: Wikipedia

'The average greenhouse gas saving
over the full life cycle resulting from
burning sustainable biomass in place
of coal is more than 80%. Once three
of Drax’s units are converted we will
halve our carbon footprint on today’s
levels.' (letter, the Times, June 2013)

Household waste
incineration plant,
Malmo, Sweden

Drax power station, UK
Wikipedia

Biomass or Biofuels
Both are plants. Encouraged by a large
government subsidy, the UK’s largest coal-fired
power station, Drax, is converting three of its
six boilers to biomass, mostly imported wood
and sunflower pellets.

Solar

Biofuel is usually maize (corn in the USA)
grown specially to produce ethanol which is
added to petrol (gasoline). Cars and trucks run
happily on the mix.
Opponents of biomass, including Professor
Muller (see page 7), say the land used could
produce food which is a bigger need, and that
carbon saving is only after a century or so
when replacement trees have grown, and that
when the fertiliser used, the running of farm
machinery and the fuel to transport the plant
matter are all taken into account, there is no
saving at all of greenhouse gases.

This energy park in Geesthacht, Germany,
includes solar panels and pumped-storage
hydroelectricity.
Solar has the opposite problem from wind.
Power is generated only during the day and
none at all is available for night demand.
Copyright: BEACONS 2018
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Are Renewables the Answer?
So what is needed if all 10 billion people are to
enjoy the sort of lifestyle that we have?
First, can we rich Europeans live on our own
renewables, including our own solar, if all
are developed to their maximum? According
to Professor MacKay, (see page 3) the
short answer is No. The physics, he says, is
inescapable, despite what some greens say.
Assuming MacKay is right, what are the
possibilities for us and for the entire world?
There are only two that are realistic at present.
The first is Solar Power from Deserts
Sunlight from a field of heliostats reflected onto
a central tower in Spain.

Enough energy from the Sun falls on the
planet’s deserts to provide easily all the power
needed by nine billion people living to current
rich nation standards. As Mackay showed
two squares, each the size of Wales, one in
Copyright: BEACONS 2018

the desert of North Africa and the other in
Saudi Arabia, and entirely filled with solar
power panels, would provide enough power
for the one billion people of Europe and the
Near East. (Sustainable Energy p 179)
MacKay calculates that to supply a world
population of 9 billion with solar energy at
current European levels, a total area of solar
panels of 2,000,000 km2 would be needed,
which is about eight times the total area of the
United Kingdom.
Is this feasible? Technically, yes. Indeed, it
is already happening on a large enough scale
to show that it works. And research on direct
current cables to convey the power across
great distances is already succeeding. Solar
power technology is becoming cheaper and
China, along with India, is beginning to take a
leading role in developing solar renewables.
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Furthermore, the total area of sun-drenched
deserts in the world is easily enough to
accommodate the area of panels needed.
Provided, of course, that climate change does
not lead to deserts clouding over.
There are huge political problems to overcome.
But it may help that the very countries that
currently provide much of the world’s oil and
would lose out by a switch away from fossil
fuels often also have vast areas of desert.
And a hot country might be more willing to
allow its desert regions to be filled with solar
devices if part of the energy generated was
used to power desalination plants.

NUCLEAR DISASTERS
Three Mile Island
On March 26, 1979 the nuclear power
station at Three Mile Island near Harrisburg,
Pennsylvania went out of control and partly
melted down with release of radioactive gas.
It was brought under control a month later
and no deaths were attributed to the accident.
The film the China Syndrome about a nuclear
meltdown that goes through the Earth and
emerges in China had been premiered only
two weeks previously.

And the second is…
Nuclear
There is, of course, very strong opposition to
nuclear from many quarters, although some
prominent environmentalists have changed
their minds on nuclear in the past few years.

In fact a nuclear meltdown is a fantasy and is a
physical impossibility.
Japanese anti-nuclear demonstrators
Financial Times, May 17, 2012

The first objection to nuclear is that it isn’ t
safe. Three nuclear disasters are usually
quoted. A bit about each is in the boxes.

Copyright: BEACONS 2018
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NUCLEAR DISASTERS

The Fukushima, Japan Earthquake

On April 26, 1986, one of the four reactors
at Chernobyl in the Ukraine, then part of the
Soviet Union, exploded. Radioactive fallout
was detected across Western Europe, two
workers were killed in the explosion and
a further 28 died of radiation poisoning
within a few weeks, 120,000 people in the
area within 30km were evacuated, 200,000
workers were involved in the clear-up. How
many, if any, have died or will die from
cancers caused by theradiation is unclear.

Japan lies in one of the most active
earthquake zones in the world and has
frequently been struck by powerful quakes,
sometimes killing thousands as well as
causing great destruction. On Friday March
11,2011 the biggest in Japan’s history
occurred 70km off the shore, causing a huge
tsunami which swamped many towns and
drowned about 18,000 people. The tsunami
surged over the sea walls around the
Fulushima Daiichi plant causing three nuclear
reactors to explode and release radiation.
Photo: Wikipedia

Chernobyl

Note this was NOT a nuclear explosion.
Contrary to popular opinion, it is physically
impossible for a nuclear power station to
explode like a nuclear bomb: it uses the
wrong sort of uranium.
The Fukushima disaster shocked people,
including politicians, worldwide. Japan and
Germany announced that they would become
non-nuclear as quickly as possible. Other
nuclear-power countries announced safety
reviews and tighter safety standards
Copyright: BEACONS 2018

Workers preparing to enter the stricken plant
11 months afterwards.
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FISSION AND FUSION

Those who favoured continuing with nuclear
power made three points.

advocate is unhappy at this problem which we
are bequeathing to future generations.

•

	
First,
the Fukushima plants were old and
nothing like as earthquake resistant as
modern ones.

BUT THERE MAY BE AN ALTERNATIVE
THAT WOULD SOLVE ALL THE PROBLEMS.

•

	
Second,
the damage was not in fact done
by the quake but by the tsunami which
surged over the protecting wall.

NUCLEAR FUSION!

•

	
Third,
the Japanese earthquake was the
largest ever recorded, registering 9.0 on
the Richter scale, while the largest ever
recorded in Europe, in Greece in the 1980s,
measured 7.6. And the biggest in the UK
was a 6.0 one in 1931. (The Richter scale
is logarithmic. Thus a magnitude 7 quake
is 10 times one of magnitude 6. So the
Japanese quake was 1,000 times as strong
as the biggest ever in the UK and 25 times
the biggest Greek one).

By a year later, the world, including the UK,
was using, building and planning nuclear
power stations almost as if Fukushima had
never happened, except in Japan itself and
a handful of other countries that followed
Germany’s lead.
But, as you doubtless know, there is
another problem with nuclear power
stations.
Nuclear waste. It remains dangerous for
thousands of years. All that has been produced
to date has been buried deep in stable rock,
no way yet having been discovered of doing
anything else with it. Even the keenest nuclear

All nuclear power plants to date use nuclear
fission. However, fusion is the holy grail of
nuclear power. It is what powers the sun.

The bombs dropped on Hiroshima and
Nagasaki in 1945 and which caused Japan to
surrender were A-bombs using nuclear fission.
This process was tamed within a few years and
the world’s first full scale commercial nuclear
power station in Cumbria was opened by the
Queen saying ‘This new power which has been
such a terrifying weapon is harnessed for the
first time for the common good’.
In 1952, the USA exploded the even more
destructive H-bomb which uses nuclear fusion.
Copyright: BEACONS 2018
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NUCLEAR FUSION – THE ANSWER?

Could nuclear fusion be tamed as fission had
been? Scientists have been trying ever since,
so far without success. The physics is well
understood, but the technology to build a
fusion power station has defeated all attempts
for half a century. If, and it’s a very big If,
fusion power stations can be made to work at
an acceptable cost all our problems would be
solved: enough power for the entire planet for
millions of years, no nasty waste to speak of,
and no risk of it blowing up or leaking anything
dangerous, or of it being used for weaponry
and hence being of interest to terrorists.
At least, that is what the advocates of this
technology say. Greenpeace and others
disagree.
So what are the prospects? At the moment
there are at least three completely different
projects. The essential problem is that a
temperature ten times that of the Sun’s
core is needed. This is because gravity is
much less on Earth. Even assuming such
a colossal temperature can be generated,
it will have to be contained in a magnetic
‘flask’. This is what the ITER project in the
south of France is aiming to achieve. It is a
remarkable international collaboration. The
project is funded and run by - the EU, India,
Japan, China, Russia, South Korea and the
United States. The EU, is contributing 45%
of the cost - €15bn to date - with the other
six contributing 9% each. The research lab
at Culham in Oxfordshire has made a major
contribution to the project. If all goes to plan,
the plant will be operating by 2040.
Copyright: BEACONS 2018

A different approach is being used at The
National Ignition Facility, or NIF, in Livermore,
California, using powerful lasers to heat
and compress a small amount of hydrogen
fuel to the point where nuclear fusion takes
place, which then heats adjacent compressed
hydrogen, and so on in a chain reaction. There
is no target date for completion.
A company called Tri Alpha Energy , also in
California, is trying to use a third method,
called Beam Fusion. One of the backers is
billionaire Paul Allen, joint founder with Bill
Gates of Microsoft. Again, no one knows
whether it will work.
There is a fourth method, called Muon Fusion,
but this exists only in theory at the moment.
You can easily find out more about all of these
from the internet.
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CHAPTER EIGHT
CAN THE PLANET SUSTAIN 10 BILLION?
MDGs and SDGs
INTRODUCTION: SUSTAINABILITY
It is not always clear what is meant by
sustainability or sustainable development.
The definition I am going to use comes from the
UN Brundtland Commission of 1983.
Sustainable development is development
that meets the needs of the present without
compromising the ability of future
generations to meet their needs.

The MDGs
The eight Millennium Development Goals
were agreed by the UN and all its 192
member states in 2000 as targets to be
achieved by 2015.

MDG 5: The global maternal mortality ratio
has fallen by nearly half - short of the twpthirds target.
MDG 6: The target of halting the spread of
HIV/Aids has not been met, although the
number of new HIV infections is falling.
MDG 7: The target of halving the proportion
of people without access to safe water was
achieved in 2010.
MDG 8: Between 2000 and 2014, overseas
development assistance from rich nations to
developing countries increased by 66% in
real terms.

They covered eight areas: poverty, education,
gender equality, child mortality, maternal health,
disease, the environment and global partnership.
Have the targets been achieved? Here are
the outcomes for each MDG:
MDG1: The target of halving the number of
people living on less than $1.25 a day has been
narrowly missed.
MDG2: The target of achieving universal primary
education has also been narrowly missed.
MDG 3: About two-thirds of developing countries
have achieved gender parity in primary education.
The target was for 100%.
MDG 4: Child mortality has reduced by just over a
half. The target was for a reduction of two-thirds.

BBC

The SDGs
Origin

The 193 member states of the UN agreed at
the Rio+20 conference in 2012 that when
the MDGs finish, as they do this year, they
should be replaced and built on by a set of
development and environmental targets to
run for the next 15 years, that is until 2030,
and that they should be known as the
Sustainable Development Goals, or SDGs.
Copyright: BEACONS 2018
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The Rio+20 conference stated that ‘poverty
eradication is the greatest global challenge
facing the world today andan indispensable
requirement for sustainable development.
Progress
An open working group was set up to try and
draft a set of SDGs for the UN as a whole to
accept. By ‘open’ is meant that any nation can
contribute to discussions which will be fully
available as they proceed. At the time of writing,
August 12, 2015, 17 goals (there were 8 MDGs)
have been drafted, each with many sub-goals.
They will be submitted to the UN later this year
for, it is hoped, approval. So this paragraph will
be updated as necessary.

AOL

The Draft SDGs
1

End poverty in all its forms everywhere.

2

End hunger, achieve food security and
improved nutrition and promote
sustainable agriculture.

3

Ensure healthy lives and promote
well-being for all at all ages.
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4

Ensure inclusive and equitable
quality education and promote
lifelong learning opportunities for all

5

Achieve gender equality and
empower all women and girls.

6

Ensure availability and sustainable
management of water and
sanitation for all.

7

Ensure access to affordable, reliable,
sustainable and modern energy for
all.

8

Promote sustained, inclusive and
sustainable economic growth, full
and productive employment and
decent work for all.

9

Build resilient infrastructure,
promote inclusive and sustainable
industrialization and foster
innovation.

10

Reduce inequality within and among
countries.

11

Make cities and human settlements
inclusive, safe, resilient and
sustainable.

12

Ensure sustainable consumption
and production patterns.

13

Take urgent action to combat climate
change and its impacts.

14

Conserve and sustainably use the
oceans, seas and marine resources
for sustainable development.

15

Protect, restore and promote
sustainable use of terrestrial
ecosystems, sustainably manage
forests, combat desertification, and
halt and reverse land degradation and
halt biodiversity loss.
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Promote peaceful and inclusive societies
for sustainable development, provide
access to justice for all and build
effective, accountable and inclusive
institutions at all levels.

16

17

Strengthen the means of implementation
and revitalize the global partnership for
sustainable development.

WORLD POPULATION PROJECTIONS
The UN does NOT give a single fgure for its
forecasts, always a range. Their forecast of
July 2013 for the world's population in 2100
is between 6 and 16 billion. 10 billion is
simply the mid-way or median figure. So it
is perfectly possible that there will be
FEWER people in 2100.

WATER
Water, water, every where, nor any
drop to drink.
The Rime of the Ancient Mariner Samuel
Taylor Coleridge, 1797.
Over 70% of the earth’s surface is water, but
less than 3% is fresh water and able to
support us and all the other non-aquatic life
forms and vegetation. Furthermore, fresh
water in the shape of rain is distributed very
unevenly across the 29% of the earth that is
land. In most parts of the world, water is an
increasingly scarce resource.
BBC

The definition of sustainability used in the
SDGS is the one given on p59.
The goals that are eventually agreed will
influence the £1.6tn in development aid the
OECD predicts will be needed by 2030 and
countless trillions in national budgets – as well
as set the tone for corporate green spending.
The previous chapter looked at energy,
undoubtedly an essential for a satisfactory
life. What are the others? Here are the ones
that occur to me: water, food, shelter,
obviously; but also clean air, health,
sanitation, education, transport, materials, the
latest technology and, above all if you livein,
say, the eastern Democratic Republic of
Congo,security. All are to a greater or lesser
extent affected by climate change. In this
chapter I look at some of these. But first a
note on population forecasts.

Water tables are falling and many great rivers
no longer reach the sea. And in many places
deserts are increasing.
There is great inequality in access to clean,
fresh water. We in the rich world take it
for granted that we have drinkable water
whenever we need it. But around a billion
people on the planet do not; and an
estimated 2.6 billion do not have modern
sanitation.
Water wars are possible. Egypt, for example,
which is heavily dependent on the Nile, has
made it clear that any attempt by upstream
nations to reduce the amount of water reaching
them would ultimately lead to military action.
They are most concerned about a major
hydroelectric project in Ethiopia.

Copyright: BEACONS 22018
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WATER

Water conservation
As you will
know, in
early spring
of 2012
the UK was
Wikipedia
facing the
possibility of
severe drought. Then came the wettest early
summer on record, while the whole of the USA
– the World’s biggest food exporter – suffered
the worst drought for years. There was a stark
contrast between the USA and North West
Europe. They had little to harvest, while our
crops were rotting in water-logged fields.
One thing we have learnt in recent years is that
the weather is unpredictable. So we need to be
ready for anything.
The answer is partly that it would be very
difficult to separate supplies for these different
purposes. But not impossible. There is one
item in the list above which, if recycled water
were used, would make considerable difference
to consumption of drinking water. This is…
watering crops. Farmers in the UK do already
buy, from the water companies, water from
rivers that flow through or border their land or
from bore holes on their land. But we do not
have a system of using again water that has
already been used once as drinking water. One
country does: Israel, which is partly the reason
why it is a relatively fertile country surrounded
by desert. They also have about the lowest
water loss figures in the world and have
developed agricultural and water technologies.
Copyright: BEACONS 2018

But Israel and other hot and rich countries
have another option; one which has already
been mentioned in connection with the very
high CO2 emissions of Qatar. Desalination.
Desalination – removing salt from sea water –
works but is very expensive.
Desalination
Existing desalination plants work in one of two
ways. Some distil seawater by heating it up
to evaporate part of it. They then condense
the water vapour - a process that requires
electricity.
The other plants use reverse osmosis. This
employs high-pressure pumps to force the
water from brine through a membrane that is
impermeable to salt. That, too, needs power.

Jebel Ali
desalination
station, Dubai
Lahmeyer
International

Even the best reverse-osmosis plants require
3.7 kilowatt hours (kWh) of energy to produce
1,000 litres of drinking water. The cost puts
desalination beyond the reach of the poorest
countries.
A lot of work is taking place currently on
coupling solar power to desalination in some of
the poorest countries.
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FOOD

FOOD
If the world’s population rises from the present
7.2 billion to 10 billion, the amount of food
needed if all are to have a healthy diet will
have to roughly double. Is this possible?
Climate change at the same time makes this
even more challenging. But not necessarily
impossible.
The first encouraging fact is that the world
does at the moment produce enough food
for everyone. The fact that millions do not
get enough food is not because there isn’t
enough but because storage and transport are
inadequate. So the problem is soluble.

And yet 3,000 Indian children die of diseases
related to malnutrition every day.
Clearly improvement to storage and transport
of food world wide is something that needs to
be done as soon as possible. Many think that
the nations of the world should set up a United
Nations food storage system to ensure the
poorest do not starve when shortage leads to
big price increases.
A second encouraging fact is that while
about one billion suffer ill health and, often,
premature death because they don’t get
enough to eat, another billion have the
opposite problem. So the health of 2 billion
people could be improved if the fat ate less
so that the thin could eat more. A good deal
easier said than done, admittedly.
Cities and food
Everywhere people are moving from the
countryside into cities – often into what we
would consider appalling housing.

A watchman sits next to stacked sacks of rotten
wheat at Dera Mir Miran village in the northern
Indian state of Punjab on June 27. NBC News.

In India, a relatively rich country but home to
a large proportion of the poorest people on the
planet, about a third of the wheat harvest rots
or is eaten by rodents before it can be got to
the hungry masses.

This may be an opportunity as far as feeding
more people is concerned. A countryside of
small farms can be a lot less productive than
one of very large farms.
This is a controversial subject which I do not
propose to discuss here, except to say that the
largest farms on the planet are in Brazil, the
USA, Canada and Russia, and they are certainly
highly productive. There are, of course, social
factors as well, and whether mega-farming is
on balance a good thing is disputed.
Copyright: BEACONS 2018
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Rooftop garden
New York

Soya bean harvesting on a mega-farm in Brazil,
where some farms are over 300,000 Ha – roughly
the same as an area of a square 34 miles in each
direction.

Vertical farming

Climate change may, of course, cause
desertification – that is a growth of deserts.
Many think this is happening already. So
making very dry places more productive is a
high priority. There are several ways that help
with this.
Drip feed irrigation
Irrigation uses three quarters of all
the freshwater that humans take from
reservoirs, lakes, and rivers. Preserving
water is the first step towards sustainable
farming.
http://knowledge.allianz.com/health/food_
water/?710/sustainable-farming

Town dwelling for millions - Wikipedia

But cities can grow some of their food for
themselves. Some think that for most cities, up
to 25% could be grown. London, Middlesborough
and Brighton are UK leaders in this.
Copyright: BEACONS 2018

Drip feed irrigation delivers water direct to
the crop, more efficiently than irrigation
channels. Alternative systems spray water
droplets over the crops, while the most
advanced technology monitors soil tension
to see if the crop needs water. (Reuters)
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fruits. They are one of the best ideas we have
had for removing hunger.
Plants that grow in dry conditions
A lot of research is taking place into developing
crops that will grow in desert conditions. A
good deal of this is in genetic modification
of existing strains; that is GM. GM crops are
banned in the EU but widely grown elsewhere.
Many are now changing their position on GM
and this ban might be lifted in the near future.
Trees
Here are two extracts from a letter published in
the Economist for July 26, 2012. It is from Tony
Simons, Director-general, World Agroforestry
Centre, Nairobi.
It is possible to transform landscapes from
famine-prone to healthy, but it won’t happen
overnight nor over one rainy season.
Combining trees with crops in fields—
agroforestry—is one idea that has taken hold
over the past decade. From the western Sahel
to the Horn of Africa, and from Kenya down to
southern Africa, millions of hectares of
farmland have already been converted to
agroforest. For example, Niger’s Zinder and
Maradi districts have produced cereal surpluses
every year since 2006, even as drought has
forced other parts of the country to its knees.

Getting the protein we need
Eating large animals is a very inefficient way
of getting protein. Far more efficient is to eat
insects.Two billion people already eat insects.
But the rest of us find the idea revolting. A lot
of research is taking place into breeding insects
for human consumption and preparing, proteinrich dishes that we in the rich world will find
acceptable. Lovely grub!
www.food-insects.com/

Trees provide not only ecological resilience but
also cash income, energy, environmental
services, fodder for animals and nutritious

Copyright: BEACONS 2018
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This section is based on a book with the catchy
title:
Sustainable Materials - with Both Eyes Open:
Future Buildings, Vehicles, Products and
Equipment - Made Efficiently and Made with
Less New Material
It’s a follow-up to David Mackay’s ‘Sustainable
Energy – without the hot air’, and like it is also
available free on the internet. Simply go to:

Is this possible? They look at the processes
involved in making things, especially those
involving the most common materials, steel,
cement, plastic, paper and aluminium.
They show that if things were designed with
re-cycling steel and aluminium and rare metals
in mind, far more could by re-cycled, thereby
removing the need to tear up the earth to get
at the ore from which they are extracted.
But re-cycling may not always be the best
option.

http://withbotheyesopen.com/

Although only two names are on the cover
as authors, it is in fact the result of five years’
work by a team of eight young scientists at
Cambridge University.
They state that world emissions of greenhouse
gases (GHGs) is the equivalent of 44
GtCO2e (gigatons, or billions of tons, of CO2
equivalent). About 64% of this is the result of
all the things we make, with industry, buildings
and transport contributing about a third each.
They continue: ‘The world target is to reduce
industry’s carbon
emissions by 50%
by 2050. However,
projections are that
world demand for
materials will DOUBLE
by 2050, so to meet
our emissions target,
we have to achieve
a 4-fold reduction in
emissions per unit of
material used.’
Copyright: BEACONS 2018

Canadian
paper mill
Wikipedia

Professor Muller (see page 7) maintains
that, re-cycling paper is a bad thing as the
more paper we consume, the more trees
will be planted to provide it. Wow! Can
this possibly be true? Have we all been
doing exactly the wrong thing in using
recycled paper?
The good news is that the Cambridge engineers
conclude that the target of producing twice as
much with half the current CO2 emissions is
indeed possible, and the book explains how this
can be achieved.
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Unsurprisingly, there are vast inequalities in
housing.

Photo: Moladi

The very rich might live in something like this…

Moladi plastic formwork, a sustainable building
solution for the poor

while the very poor live in something like this…

I don’t think it is ever going to be possible for
everyone to live in a mansion. There wouldn’t
be enough space on the planet for one thing.
Anyway, one can only occupy one room at
any given time, so the advantage of having
many nice rooms rather than only one is not
very great.
Is it possible in the next 40 years to give
everyone a decent standard of housing? The
answer, surely, is yes. Nothing very high-tech
is needed. Just basic materials and labour.

In April 2012, the winner of a $1-million global
challenge to solve the crisis of affordable
housing for the poor was announced by former
U.S. President Bill Clinton and Nobel Prize
Winner Muhammad Yunus.
Called Habitat for Humanity, it has a mission
to provide homes for 50 million people within
the next 10 years and focuses on harnessing
the intelligence of those at the bottom of the
pyramid and equipping them to solve their
own problems.
But even a Moladi plastic-framed house
requires a great deal of energy in its
construction, in making the plastic frame,
transporting it to the site and in concrete used
for the foundations.
There is, however, a material that uses
hardly any energy in being made and is often
readily available nearby so transport costs are
minimal. This material has been used since the
dawn of history and is still widely used today.
Copyright: BEACONS 2018
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So what is this wonder material? Earth.
Or Rammed Earth as it is known. In the rich
world the ramming is done by machine –
consuming energy – but it can be done just as
effectively using human power only.

Yemen, rammed earth buildings of five
or six storeys were built in high density
urban spaces and have survived around
1,700 years.
HEALTH

Photo FT
The house of
architect Martin
Rauch

An article in the FT for October 20, 2012 was
headed Mud World. Here are some extracts:
Rauch has used rammed earth to build
cinemas, churches and chapels – and his
own family home in Austria. The materials
used in the 18 months of its construction
were local, so minimal energy was used in
production and transportation. With 47%
of anthropogenic carbon dioxide emissions
attributable to the construction industry
in the UK, for instance, such alternative
methods are significant
The ability of earth to moderate humidity
and temperature is another advantage,
which eliminates the need for expensive
central heating and air conditioning. “It’s
a wonderful climate – in the winters it is
warm and in summer cool,” he claims.
The compressive strength of rammed
earth (its ability to withstand squashing
is two-thirds that of concrete at a similar
thickness. And in the city of Shibam in
Copyright: BEACONS 2018

Modern medicine has already made a
considerable difference, although great
inequalities remain. Infant mortality, that is
the number of deaths before the age of one
per thousand live births, is generally used as
an indicator of health for a country. According
to the CIA World Factbook, in 2013 three
countries have estimated figures above 100 –
Afghanistan, 120; Mali 106; and Somalia, 102.
For countries with the most income per person,
all are under 5 except the USA at 5.90. The
UK figure is 4.50, with Japan the lowest
country at 2.17.
For much of the nineteenth century, the UK
was the richest and most advanced country in
the world. But even in the 1890s, the UK infant
mortality figure was over 150. So the poorest
countries now are healthier than the richest
120 years ago.
Probably the biggest advance that could be
made does not depend on medicines at all.
Sanitation. Over a billion people have no access
to lavatories and have to defecate in the open.
This is a major cause of diseases and death
amongst the poorest.
And the biggest cause of deaths in young
males worldwide will not be cured by medicines
either. It is motor accidents.

69

CAN THE PLANET SUSTAIN 10 BILLION?

TRANSPORT

Nearly all transport, whether by air, sea
or land, is fuelled by petrol or diesel and
causes CO2 emissions.

naval ships. The IPCC estimated in 2007 they are
responsible for 3.5% of all CO2 emissions.

MOTOR VEHICLES

PLANES

A quick trawl of the internet shows little
agreement on how many cars there are in the
world. About a billion seems a safe assertion.
In the UK there are about 40 million cars and
62 billion people. That is around 2 cars for
every 3 people – including children and others
who don’t drive. So if car ownership spreads
across the world to reach the same proportion,
we can expect the number of cars in the world
to grow to 6 billion by 2050.

The IPCC estimated in 2007
that aviation is responsible
for around 3.5% of
anthropogenic climate change.

Of course, cars are not
the only road vehicles.
There are lorries as
well.
Traffic in Delhi, India.
Wikipedia

According to the International Organization of
Motor Vehicle Manufacturers, road transport is
currently responsible for about 16% of all CO2
emissions worldwide. Even allowing for motors
getting more efficient, this figure seems certain
to grow at least threefold by 2050.
SHIPS

Photo: World
Shipping Council

There are about 70,000 ships
afloat in the world, including
container, oil and gas tankers, bulk
coal and ore carriers and other
cargo vessels, cruise liners and

Boeing 747 wide
body. Wikipedia

TRAINS
According to the DECC, trains in the UK
contribute only about 4% of the total emissions
from transport. Of course, this is mainly
because most travel is by car. The important
question is whether more travel by train and
less by car would reduce overall emissions.
The official estimate is that, on average, for
any given journey the CO2 emissions per
person are about half by train than by car.
TOTAL CO2 EMISSIONS FROM TRANSPORT
An organisation called the International Transport
Forum (www.internationaltransportfoum.org)
estimates that transport-sector CO2 emissions
represent 23% of overall emissions from fossil
fuel combustion.
For all types of
freight, the World
Shipping Council
has on its website
the table shown
here.

Copyright: BEACONS 2018
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If the poor countries catch up with our
standard of living, the total use of transport
seems likely to at least double. In terms of
CO2 emissions this is a huge challenge. What
are the chances of meeting it?
IS LOW OR NO CARBON TRANSPORT
POSSIBLE?
MOTOR VEHICLES
Electric cars emit no CO2. Neither do cars
propelled by hydrogen or ammonia. Hydrogen
burns to produce only water vapour. And
ammonia (NH3) produces only nitrogen and
water vapour. But energy is required to
generate electricity, or to manufacture
hydrogen or ammonia. So all three are
essentially means of storing energy for use as a
propellant.
Natural gas from, say, fracking, does emit CO2
when burnt, although 20% less than petrol for
the same power.

Electric cars are advertised as zero emission.
So they are – provided you ignore the power
needed to generate their electricity.
They would be truly zero emission only if their
electricity is generated by zero emission
power. That means nuclear or a renewable
such as wind or solar. But even then there is
also the energy needed to manufacture the
batteries to be taken into account.
Although increasing, demand for pure electric
cars is still small – 1.2% of all sales in 2017
(source Focusmove). As numbers rise, cobalt
and other essential materials for batteries will
become more expensive. This might become a
major problem.
Both General Motors and Tesla are working on
a mass-market electric car with an affordable
price tag and a range of more than 200 miles.
Tesla’s Model S has a range of 250 miles but a
$90,000 tag.

Furthermore both batteries and gas containers
for a car suffer from another defect. They are
heavy and bulky. Nevertheless, most major car
companies have now produced electric cars.
Nissan in the UK is one.
Nissan advertisements claim that their allelectric Leaf (see Guide 3, p48) with the larger
of the two batteries available has a maximum
range of 155 miles and takes nine and a half
hours to re-charge at home or 30 minutes of a
high speed charger at a service station will
charge to 80%. A friend who owned one says
that using the heater or air conditioning
significantly reduces the range, but it is fine for
a daily commute of up to 40 miles, provided
you don’t ever want to use it in the evening
when it is re-charging.
Copyright: BEACONS 2018

BMW's first fully electric car, the i3, has a range
of up to only 125 miles.
All major car makers are investing in battery
research and designing electric cars, as are
some niche makers. Morgan Cars announced
their first electric sports car in May 2016. (See
also Guide Three pp 46 – 48)
Technologies are evolving and, according to
recent predictions by Nissan, prices of electric
vehicles and their comparable petrol
alternatives will draw level by 2025.
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If battery technology develops so that most
cars are electric, another problem could be
solved, namely the the intermittent nature of
wind or solar power.
At any given moment millions of batteries
would be being recharged. If the wind dropped
suddenly, all these batteries could be put into
reverse and put power back into the grid for a
few hours.
TRAINS
Electric trains run on electricity from wires, so
battery problems don’t apply.
SHIPS
According to the World Shipping Council, the
number of ships is falling as new ones get
larger and larger. Taking into account the
shortening of many routes if Arctic sea ice
continues to reduce and when the widening of
the Panama Canal is completed, shipping
emissions may, perhaps, do no more than
double.
Furthermore ships are big enough to run on
nuclear power. Naval submarines have been
doing so for decades. And sail is not
impossible.
We have computercontrolled windmills,
why not computercontrolled sailing cargo
vessels?

www.lowtechmagazine.com

Shipping, like aviation, is not directly included
in the Paris Agreement and countries have
been negotiating under the International
Maritime Organisation, the relevant UN
Agency.

PLANES
The IPCC has estimated that aviation is
responsible for around 3.5% of anthropogenic
climate change, a figure which includes both
CO2 and non-CO2 induced effects.
The IPCC has produced scenarios estimating
what this ﬁgure could be in 2050. The estimate
is that aviation’s contribution could grow to 5%
of the total by 2050 if action is not taken to
tackle these emissions.
Although aero engines are getting more efﬁcient,
it is difﬁcult to see how they could be zero
emitting. I doubt whether nuclear powered
planes would prove popular.

COULD WE MANAGE WITH LESS
TRANSPORT?
If the amount of CO2 in the atmosphere seems
likely to cause climate change so severe as to
threaten the very existence of human life, we
should have no alternative but to reduce CO2
emissions to near zero. Would this be possible?
Clearly some drastic changes to our current
lifestyles would have to be made. But what?
Let’s assume that all our power stations are
fuelled by non-emitting sources. Then that all
land travel is either by electric vehicles, or by
cycle or walking.
Unless small nuclear reactors can be developed,
air travel would have to cease. Would this mean
the end of civilisation as we know it? I don’t
think so.
Only a few years ago it was forecast that video
conferencing and the internet would put an end
to people travelling for work and meetings. It
didn’t, of course. But is it really essential to
travel as much as we do? Of course not.
Copyright: BEACONS 2018
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Unlike 100 years ago, all nations today accept
an obligation to help when disaster strikes,
especially when it is a poor country that
is struck. And we in the rich countries are
generous. Donations flood in. The dozens of
aid agencies in each developed country spring
into action. Therein lies a major problem: how
to co-ordinate all this goodwill.
Co-ordinating the relief efforts is a major
problem for all but one of the disasters listed
above.
The exception is for a pandemic where the
United Nations has set up an agency to deal
with precisely such a threat. Based in Geneva,
it is the World Health Organisation.
Clearly, we must set up similar agencies to
maximise the effectiveness of the world’s
responses to all the other types of disaster.
Many think that top priority should be food and
that we urgently need the UN to co-ordinate
the movement of food to those in greatest
need, possibly by having its own emergency
food stores. Simply leaving food distribution to
market forces must mean that the poorest get
the least, regardless of their need.

Copyright: BEACONS 2018

The World Health Organization
The World Health Organization (WHO)
was established by the United Nations
in1948, with headquarters in Geneva. It
played a leading role in the eradication of
smallpox. Current priorities include plans
to combat any future flu pandemic, HIV/
AIDS, malaria and tuberculosis; sexual
health, development, and ageing; nutrition,
food security and healthy eating; substance
abuse;
Ebola outbreak 2014/15

The deadly Ebola disease appeared in West
Africa in 2014 and became an epidemic
sweeping across the region.
Thankfully, the disease now seems to
have petered out. The WHO and Dr
Chan, its director, were criticised for
allegedly responding too slowly. A much
more rapid response is promised for
future epidemics.
In May 2017, Dr Chan was replaced by Dr
Tedros Adhanom Ghebreyesus, a former
Ethiopian health minister and the first
African to hold the post.
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WHAT IF IT ALL GOES WRONG:

CAN SCIENCE AND TECHNOLOGY SAVE US THEN?
Introduction
Suppose we fail to keep temperatures below
catastrophe level, and the planet begins to
warm up by several degrees a decade so that
the very existence of the entire human race is
under threat.
What, if anything, can science do then?
This is the field of geoengineering. Many
possibilities have been suggested and a few
have been tried experimentally.

EXERCISE
List all the geoengineering ideas you
can think of. The text that follows gives
a pretty comprehensive list for you to
compare your list with.
The best outline of possibilities I’ve found
is on the website of an American science
magazine called Wired Science
The following diagrams are all from this
website.
http://www.wired.com/wiredscience/2012/07/
geoengineering-climate-change/

Possibilities seem to fall into two
categories:
•	Removing CO2 and other greenhouse
gases.
•	Cooling the planet directly.

Sucking CO2 out of the Atmosphere
Here is another diagram from Wired Science:
Ocean fertilisation consists of scattering iron
filings onto the surface. This stimulates growth
in phytoplankton which absorbs CO2 and sinks.
Several trials of ocean fertilisation have been
carried out in the past six years. It works, but
there are concerns about effects on the balance
of marine life.

Copyright: BEACONS 2018
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Cooling the Planet Directly

Daily Telegraph,
August 7, 2009.

If the planet gets hotter and hotter, are there
any ways of cooling it down directly? I expect
you have read or heard of the following
suggestions:
•

	
Put
a large number of mirrors into orbit so
as to reflect the desired amount of solar
radiation.

•

	
Generate
clouds of water vapour by having
thousands of specially designed ships
spewing water high into the air.

•

	
Send
lots of aerosols into the stratosphere.
(An aerosol is a suspension of fine solid
particles or liquid droplets in a gas).

•

	
Paint
all roofs white so that more sunlight is
reflected back.

Wired Science has the three further diagrams
opposite:
http://searcht2.aol.co.uk/aol/
image?q=geoengineering&v_t=sb_uk

Copyright: BEACONS 2018
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SPICE (STRATOSPHERIC PARTICLE
INJECTION FOR CLIMATE ENGINEERING),
A UK EXPERIMENT – AND OBJECTIONS

However, the computer modelling is continuing.
So far all computer models do show that this
technique would reduce global temperatures.

The idea is simple: to have a very long
hosepipe spraying reflective particles into the
atmosphere, thereby copying what happens
when a volcano erupts, or whitening clouds to
make them more reflective.

The most likely material to spray would be an
aerosol of sulphate particles.

Wikipedia illustrate it thus:

A member of the SPICE team was reported
in The Economist for May 19, 2012 as saying
it was worth developing geoengineering
technology as an insurance policy in case
attempts to curb carbon emissions fail.

For more on geoengineering,
and climate change generally,
I recommend the Oxford Martin
School

http://www.oxfordmartin.ox.ac.uk/

http://en.wikipedia.org/wiki/Stratospheric_Particle_
Injection_for_Climate_Engineering

SPICE is a British project but is part of
a European collaboration called IMPLICC
(Implications and Risks of Novel Options to
Limit Climate Change). Much of the work is in
the form of computer modelling, but in 2011
SPICE decided to test the feasibilty of this by
spraying water at a height of one kilometre.
Many environmental groups objected, partly
because they felt that geoengineering
might weaken people’s resolve to reduce
carbon emissions, and partly because they
feared unexpected side effects. The trial was
cancelled.

an interdisciplinary group working
on the most pressing challenges
from geoengineering to the future
of food. The website is fascinating.
AN INDEPENDENT ASSESSMENT
THE ROYAL SOCIETY
The Royal Society, based
in London, is Britain’s
oldest and most
prestigious society for
scientists and
mathematicians.
It enjoys a worldwide reputation. To become a
Fellow of the Royal Society and write FRS after
one’s name is the highest honour short of a
Nobel prize to which a scientist can aspire .
Copyright: BEACONS 2018
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Motto
Formation
Headquarters
Membership

President
Website

Nullius in verba
(Take nobody’s word for it)
28 November 1660
London, United Kingdom
5 Royal Fellows
1350 Fellows
140 Foreign Members
Sir Paul Nurse
www.royalsociety.org

The report assesses the two main kinds
of geoengineering techniques Carbon
Dioxide Removal (CDR) and Solar Radiation
Management (SRM).
SRM techniques act by reflecting the sun’s
energy away from Earth, meaning they
lower temperatures rapidly, but do not
affect CO2 levels. They therefore fail to
address the wider effects of rising CO2,
such as ocean acidification.
Of the CDR techniques assessed, the
following were considered to have most
useful potential:
• CO
	 2 capture from ambient air would be
the preferred method of geoengineering,
as it effectively reverses the cause of
climate change.
• Enhanced
	
weathering, which utilises
naturally occurring reactions of CO2 from the
air with rocks and minerals, was identified as
a prospective longer-term option.
Copyright: BEACONS 2018

In August 2009
the Royal Society
published the report
of its investigation
into geoengineering.
I cannot do better
now than quote
extensively from the
official press release
by the Royal Society.
• Land
	
use management could and should
play a small but significant role in
reducing the growth of atmospheric CO2
concentrations.
The following SRM techniques were
considered to have most potential:
• Stratospheric
	
aerosols were found to be
feasible.
• Space-based
	
methods were considered
to be a potential SRM technique for longterm use.
• The
	
feasibility and effectiveness of cloud
albedo approaches (eg. cloud ships) is
uncertain.
The following were considered to have
lower potential:
• 	Biochar
• 	Ocean

77

WHAT IF IT ALL GOES WRONG

CAN SCIENCE AND TECHNOLOGY SAVE US THEN?

• Surface
	
albedo approaches (including
white roof methods, reflective crops
and desert reflectors) were found to be
ineffective, expensive and, in some cases,
likely to have serious impacts on local and
regional weather patterns.

IF EVERYTHING FAILS, WHAT
HOPE IS THERE FOR THE
HUMAN RACE?
If the planet
warms up so much
that it becomes
uninhabitable by
humans, is there a
future for the human
race?

http://www.realmagick.com/martin-rees/

In The Times for August 9, 2012, the eminent
astrophysicist, Martin Rees (Lord Rees of
Ludlow) wrote:
“I believe that some people living now
will walk on Mars. Moreover, a century or
two from now, small groups of intrepid
adventurers may be living there or
perhaps on asteroids quite independently
from Earth.
This might be the first step towards
divergence into a new species: the
beginning of the post-human era.
Copyright: BEACONS 2018

And machines of human intelligence
could spread still farther. Whether the
long-range future lies with organic posthumans or intelligent machines is a
matter for debate. Either way, dramatic
cultural and technological evolution will
continue not only here on Earth but far
beyond.”
All we have to do is hope that enough science,
technology, and scientists and technologists,
survive to make colonisation of asteroids or
other planets a reality.
One thing is for certain: none of us will be
here to find out.

On which cheerful note, I’ll finish.
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