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THE SCIENCE RATIONALE FOR

Enhanced global
investment in
sustainable energy
By 2030 global food and energy demand will have increased by 50 per cent and
water requirement will have increased by 30 per cent. This is partly due to the rise
in global population but is mostly caused by the rapid development of lower
income countries. Add to this the increasing effects of climate change, which
directly threaten water and food security, and you have what Sir John
Beddington (UK Government Chief Scientific Adviser) calls the ‘perfect storm’
(see Figure 1). Hence climate change and sustainable energy are the key scientific
issues of the 21st century2.

We already have clear evidence for climate
change with a 0.75°C rise in global temperatures
and a 22cm rise in sea levels during the
20th century. The Intergovernmental Panel
on Climate Change predicts that global
temperatures by 2100 could rise between 1.8°C
and 4.0°C, the range is due to the uncertainty of
how much greenhouse gas we will emit over
the next 90 years. Sea levels could rise between
28cm and 79cm, more if the melting of
Greenland and Antarctica accelerates. In
addition, weather patterns will become less
predictable and the occurrence of extreme
climate events, such as storms, floods, heat
waves and droughts, will increase. In the UK, the
science behind this has been taken seriously,
and uniquely has led to the introduction of the
long-term legally binding Climate Change Act.
This Act provides a legal framework for ensuring
that the Government meets the target of
reducing greenhouse gas emissions by at least
80 per cent by 2050, compared to 1990 levels.
To do this, sustainable clean energy will be
essential, because only through business and
financial innovation, will it be possible to change
the fundamental way we produce and use
energy in the UK and the World.

The greenhouse
The temperature of the Earth is determined
by the balance between energy from the sun
Figure 1: John Beddington’s perfect storm
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and its loss back into space. Most of the
incoming solar short-wave radiation (mainly
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ultraviolet radiation and visible ‘light’) passes

industrial CO2 concentrations were about 280

oceans and another quarter by the land

through the atmosphere without interference.

parts per million by volume (ppmv). In 1958

biosphere. One of the great worries scientists

About one-third of the solar energy is reflected

concentration was already 316 ppmv, and has

have is that this natural service may reduce

straight back into space6. The remaining energy

climbed each and every year to reach over 391

in the future making the situation worse 4.
According to the IPCC (2007a)8, an increase in
greenhouse gases over the last 150 years has
already significantly changed the climate;
average global temperatures have risen 0.75°C,
and we have seen a sea level rise of over 22cm,
significant shifts in the seasonality and
intensities of precipitation, changing weather
patterns, and significant retreat of Arctic sea ice
and nearly all continental glaciers. According to
NASA, NOAA, the UK Met Office and the
Japanese Meteorological Agency, the last
decade has been the warmest for the last 150
years (see Figure 2).

Future climate changes and impacts
The IPCC (2007a)8 synthesised the results of
23 Atmosphere–Ocean General Circulation
Models (AOGCMs), which are super computer
models of global climate, to predict future
Figure 2: Comparison of four independent compilations of global land and sea temperatures
over the last 150 years

temperature rises. Because the future is not fixed
they used six emission scenarios for the next
90 years ranging from the global community

is absorbed by both the land and ocean, which is

ppmv by 2012. We have caused a level of

strongly limiting carbon emissions or continuing

released as long-wave infrared or ‘heat’ radiation.

pollution in one century that occurred in

in the ‘same vein’. They report that global mean

Greenhouse gases such as water vapour, carbon

thousands through the natural waxing and

surface temperature could rise by between 1.1°C

dioxide, methane, and nitrous oxide can absorb

waning of the great ice ages. Interestingly this

and 6.4°C by 2100, with best estimates being

some of this long-wave radiation, thus warming
the atmosphere. This effect has been measured
in the atmosphere and can be reproduced time
and time again in the laboratory. We need this
greenhouse effect because without it, the Earth
would be at least 35°C colder, making the
average temperature in the tropics about -5˚C.
Since the industrial revolution we have been
burning fossil fuels (oil, coal, natural gas)
deposited hundreds of millions years ago,
releasing the carbon back into the atmosphere,
increasing the ‘greenhouse effect’ and elevating
the temperature of the Earth. Essentially we are
releasing ancient stored sunlight back into the
climate system, thus warming the planet.

Anthropogenic climate change
The first direct measurements of atmospheric
CO2 concentrations started in 1958 at an altitude
of about 4000 metres on the summit of Mauna
Loa in Hawaii; a remote site free from local

Figure 3: Records of Northern Hemisphere temperatures variation over the last 1300 years,
compared with the instrumental record (see Figure 2) and the future modeled temperatures
(taken from IPCC 2007a)

pollution. To extend this record further back air
bubbles trapped in ice have been analysed from

increase in carbon dioxide in the atmosphere

1.8˚C to 4˚C (see Figure 3). The range of future

both the Greenland and Antarctic ice sheets.

represents only half of the pollution we currently

temperatures is mainly due to the unknown

These long ice core records suggest pre-

generate. About a quarter is absorbed by the

pathway we will take in terms of carbon
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emissions over the next century. At the moment,

industrial average temperature16. Below this

global emissions have risen faster than the worst

despite the global recession, global carbon

threshold it seems that there were both winners

predictions. In response Stern recently revised

dioxide emissions are rising at the level

and losers due to regional climate change, but

his figure to 2 per cent world GDP. Others have

predicted by the most extreme ‘same vein’ IPCC

above this figure everyone seems to lose .

argued the costs could be offset by a global

emission scenarios. The models also predict an

However with the failure to produce a new

carbon trading system17, while some suggest

increase in global mean sea level of between

climate treaty it now seems likely that

that the impacts and the associated costs of

18cm and 59cm. If the contribution from the

temperature rise will exceed this threshold. At

global warming have been under-estimated by

melting of Greenland and Antarctica is included

the moment in the ‘business as usual’ emission

IPCC the Stern Report. Even if the cost-benefit of

then this range increases to between 28cm and

scenario we will hit 2˚C before 2050, which is not

solving global warming is less than suggested

79cm by 2100. All such predictions assume a

surprising given the International Energy

by Stern (2007), there is an undeniable ethical

continued linear response between global

Agency’s prediction of fossil fuel use over the

case of preventing the deaths of tens of millions

10

of people and the increase in human misery for
billions. If we look at the UK the Climate Change
Committee estimates that an 80 per cent cut in
carbon emissions by 2050 would cost between
0.5 per cent and 3.0 per cent of 2050 GDP
depending on how different technologies
develop. That would mean over the next
40 years we would be as rich in 2051 as we
would have been in 2050 if we had not reduced
our carbon emission. This is a loss of one year’s
annual salary increase in 40 years.

Solutions
Climate change is the major challenge for our
global society. Despite all the benefits that fossil
fuels have brought us we now need to replace
them with sustainable carbon-free renewable or
alternative energy sources. This is essential, as
the power needs of humanity will continue to
expand due to the rapid development of China,
India, and other countries. For example the IEA
Figure 4: International Energy Authority recorded and predicted energy use by source,
note the predicted 30 per cent increase in oil, 50 per cent in increase in coal and 40 per cent increase
in natural gas by 2030

suggest that at least 50 per cent of the world’s
energy demand for 2030 has yet to be built
(Figure 1, page 14). This energy expansion is not

temperatures and ice sheet loss. This is unlikely,

next 20 years (see Figure 4) including a 30 per

limited to the developing world. In the UK, there

and sea level rise could thus be much higher

cent increase in oil, 50 per cent increase in coal

will need to be at least another 20PW of power

(Hansen et al).

and a 40 per cent increase in natural gas.

generated by 2020. The global demand for fossil

The impacts of global warming will increase

fuels is so strong and the price high. There is also

significantly as the temperature of the planet

What’s the cost?

concern that we have reached ‘peak oil’ and that

rises6,8. The return period and severity of floods,

So what is the cost of saving the world (which is,

the world is now running out of this resource.

droughts, heat waves and storms will increase.

in effect, the cost of moving sustainable energy

This does, however, provide two other reasons

Coastal cities and towns will be especially

production worldwide)? According to the UK

why countries should adopt a less intensive

vulnerable as sea-level rise will increasingly

Government-commissioned Stern Review on

carbon-energy sector. First, because the era of

affect the magnitude of floods and storm

The Economics of Climate Change in 200617,

power from gas and oil will soon be over, due to

surges7. The increase of extreme climate events

if we do everything we can now and reduce

a combination of huge global demands and

coupled with reduced water-security and food-

global greenhouse gas emissions and ensure we

dwindling global reserves. Note, there is concern

security will have a severe affect on the public

adapt to the coming affects of climate change it

that stock of high quality coal will be running

health of billions of people3.

will only cost us 1 per cent of World GDP every

low by the end of the century 5. Second,

So what level of climate change is ‘safe’?

year. However, if we do nothing then the

countries have, in the 21st century, become very

In February 2005 the British Government

impacts of climate change could cost between

aware of ‘energy security’; most developed

convened an international science meeting in

5 and 20 per cent of world GDP every year. These

countries’ economies are heavily reliant on the

Exeter, UK to discuss this very topic. Their

figures have been disputed15 where the cost of

import of fossil fuels, making them very

recommendation is that global warming must

converting the global economy to low carbon

vulnerable to international blackmail1.

be limited to a maximum of 2˚C above pre-

could cost more than 1 per cent GDP because
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Sophisticated political solutions are
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required at all levels; ranging from a binding

global politics will start to catch up with the

future in sustainable clean energy and suitable

international agreement regional, national and

science we do need some enlightened forward

investment from the carbon markets, under-

local policies. For example the EU Emissions

thinking policies to allow the high tech low

pinned by a clear scientific rationale.

Trading Scheme is driving down EU emissions,

carbon industries to bloom in the UK.
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