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Oral evidence

Taken before the Environment, Food and Rural Affairs Committee
on Wednesday 8 December 2004
Members present:

Mr Michael Jack, in the Chair

Mr David Drew Mr Austin Mitchell
Patrick Hall Alan Simpson

Mr Mark Lazarowicz Paddy Tipping

Mr David Lepper

Memorandum submitted by Sir David King, Government’s Chief Scientific Adviser (U34)

INTRODUCTION

1. T welcome the Committee’s interest in the critical issue of climate change. In my capacity as the
Government’s Chief Scientific Adviser my own involvement in the subject is well known and has been wide-
ranging. This has included:

— Presenting climate change science and raising the awareness of climate change amongst the public,
industry, Parliament and Governments worldwide.

— Focusing on the action required, including: (i) the energy innovation needed to achieve a radical
shift to a low carbon economy, (ii) the establishment of the UK Energy Research Centre, (iii)) UK
participation in the International Thermonuclear Experimental Reactor (fusion) project, and
(iv) steps to improve the energy performance of the built environment.

— Providing support to Defra, FCO and No 10 on international action, as well as through the
network of international Science and Technology Attaches and the Global Science and
Innovation Forum.

2. Based on the science, the key driver for policy at UK, G8 and EU levels is clear and, not withstanding
the often complex nature of climate change science, relatively simple. We must reduce greenhouse gas
emissions from human activity to avoid the worst impacts of climate change, and for which carbon dioxide
is the biggest contributor. There is a need for a step change in energy efficiency and for a radical shift from
use of fossil fuels to low carbon energy generation. To achieve these ends, determined action is required on
a global scale.

3. Climate change is not just an issue for the longer term, though it is certainly that, but one that requires
action now. I therefore welcome that the highest priority will be attached to this by the Government for the
UK’s G8 and EU Presidencies, and I will personally support fully those aspects of the UK programme where
I have a contribution to make.

4. 1 firmly believe, and have stated publicly many times, that climate change is the biggest single global
challenge that we face. Our success or failure in taking the steps necessary to tackle it now, and over the next
couple of decades, will play out for centuries to come. If unchecked, and if we fail to adapt, it has the
potential to be catastrophic.

5. Thave been closely involved in the development of the Government’s G8 Presidency plans, work that
has been led by Defra. As the Prime Minister has recently announced, early on under our Presidency the
UK’s world-leading Hadley Centre will host an international meeting to review the latest climate change
science. I see this as a key event that will help to establish the state of the science while waiting for the Fourth
Assessment report from the IPCC. In particular, I believe it will be helpful to highlight the increasing
evidence that anthropogenic emissions are causing climate change, and to achieve greater clarity on the
impact of current emissions trajectories, including their potential cost in both economic and human terms.
The meeting will brief the UK’s Presidency for the purpose of informing the G8 summit how current science
is developing our understanding of anthropogenically induced global warming and its impacts.

6. The Government also intends to convene an international meeting of Energy Research Institutions.
This will be an opportunity for a global review of the energy technologies likely to help us to achieve a low
carbon future, and the scope for enhanced international co-operation and action to bring this about.

7. Linking with the other key theme of the UK’s G8 Presidency—Africa—the Prime Minister has
commissioned a study of Africa in relation to climate change, to review what information is available and
to evaluate the adequacy of existing data to inform policy decisions. The position in Africa is very different
from the more advanced developing countries where there is patchy but growing appreciation of the climate
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problem and its impacts. Much less scientific work has been carried out on the impacts of climate change
on Africa and there is much we simply do not know. The study can add considerable value by identifying
these knowledge gaps and what needs to be done to plug them.

UK CLIMATE CHANGE PROGRAMME—REVIEW

8. The UK Government has led the world in setting a bold plan and targets for reducing greenhouse gas
emissions. This includes the aim to have reduced carbon dioxide emissions by 60% below 1990 levels between
1990 and 2050. The review of the UK’s Climate Change Programme I believe is a key step in assessing
whether we are on track towards our goals; and, if not, what we can and must do about it.

9. If the UK is to retain its position of leadership on climate change then it is clearly crucial to our
credibility that we stay on track towards our domestic goals. Indeed, given that the UK contributes just 2%
to global CO; emissions, the UK’s programme can only make sense if set in the context of moves towards
wider international action.

10. But I would not underestimate the scale of the challenge. The UK’s goals are ambitious—but at the
same time I believe necessary. Indeed, since the climate change programme was developed, the science has
moved on. In particular, the assessment that a relatively “safe” level of carbon dioxide in the atmosphere—
equating to a 20°C global average temperature rises—would be around 550 parts per million (ppm) now looks
to have been optimistic. The latest assessment published by the IPCC suggests that a limit closer to 450 ppm
is likely to be necessary.

11. There is more science to be done to achieve international agreement on what constitutes “dangerous
climate change” and related stabilisation levels. I hope that the climate science conference referred to above
will help progress this. Nonetheless, I believe that in reviewing the UK’s climate change programme the

significant shift in scientific opinion that has taken place on this issue will need to be factored in.

7 October 2004

Witness: Professor Sir David King, Government’s Chief Scientific Adviser, examined

Q1 Chairman: Good afternoon, ladies and gentlemen,
and welcome to the further evidence session on climate
change. We welcome as our first witness this afternoon
Professor Sir David King, the Government’s Chief
Scientific Adviser, somebody who we have had the
pleasure of hearing from on a number of occasions. As
I say, by popular acclaim, Sir David, we invite you
back, but little did we know that you were going to
appear on the very day the Government dominated the
news headlines telling us this morning perhaps what
had been thought about and known to some people
but which now is explicit, that the United Kingdom is
not going to achieve the Government’s targets in terms
of cutting back on carbon dioxide emissions. I suppose
we should be unsurprised to note that there were some
commentators this morning on the media who were
questioning, in fact, whether we were going to be able
to achieve our Kyoto target, although the Prime
Minister said, when pushed on that in the House
recently, we were going to meet it. It will be very
interesting to know how you feel today as somebody
who has been a strong advocate of reductions in CO2
to be facing the fact that the Government of the day is
not going to make its own target. What do we make
of that?

Professor Sir David King: That sounded rather like
a political question being addressed to a chief
scientific adviser.

Q2 Chairman: Let me put it into more scientific
terms. You have been monitoring this area very
carefully. Are you surprised that we have to admit
now that we are not going to do it? What are the
factors that have led us into this situation and what
does it mean for the future?

Professor Sir David King: Perhaps I could answer
your question by just putting some facts down and
then addressing the issues from the review which has
just been published by Defra today to which you are
referring. First of all, some of the commentators
have misunderstood a very important point. The
basket of greenhouse gases is one number, carbon
dioxide emissions are another. These two have been
conflated in some of the reports, so if we could just
clarify on the basket of emissions, we are down 14%
on 1990. We are required by the Kyoto Agreement
to reach 12.56% by 2010. On the basket of emissions,
we have already reached the target set by Kyoto. The
issue then is: what about carbon dioxide emissions?
Between 1990 and 2002 our carbon dioxide emission
reduction was, I believe, 8.7% and it has now gone
to 7%. Over the period from 2002 to the present we
have seen carbon dioxide emissions rise so that the
target for carbon dioxide emissions is below what we
would like it to be. We are not achieving on the
carbon dioxide emissions target. First of all, in terms
of the question you are asking me, I do not think that
there is an issue about meeting the Kyoto target. The
issue is about whether or not we would meet the
Government’s more ambitious target by 2010; that,
frankly, looks difficult and that is what Margaret
Beckett was saying this morning.

Q3 Chairman: What are the main drivers for this
situation? As I understand it, the Government had
the beneficial effects as far as electricity generation
was concerned from the substantial move to gas,
but, if you take gas out of the equation, what does
the rest of the picture look like?
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Professor Sir David King: The switch from coal to
gas is responsible for roughly 30% of our reduction;
the other 70% has come from other measures. If I
could deal just first of all with the rise over the year
2002 to the present, that has come largely from two
factors: one is from the utilities switching to a greater
dependence on coal and using less gas, so there was
a move to more coal dependence by the utilities;
secondly, we have reduced imports of electricity. Of
course, when we look at overall global emissions, we
have to look at the emissions that we generated in the
country that generated the electricity. That is the
reason why the two have gone up. That other 70%
reduction is very largely attributable to energy
efficiency gains that have come through the system.
I think that the climate change levy of the various
policies that have been put into place since 1997 have
been coming through the system, but, before we get
too pessimistic about meeting targets, I do not think
we should expect anything but lumpiness as we move
forward. In other words, utilities are free to switch
from one supply source to another. What we need to
do is to have a fiscal process and to have a proper set
of incentives in place to see that over the longer
period of time we do have the right form of
behaviour coming through.

Q4 Chairman: The implication of your answer is that
what we have at the moment is a less than perfect
solution because I was intrigued in the
Government’s document, The Essentials Of Life—I
think we are going to re-christen our Committee
“The Essentials of Life Committee”, that sounds
rather good—they say that, and I quote: “We are
launching extensive consultation on the review at the
same time as this strategy”. I thought we were pretty
clear about what we had to do to meet the various
targets, Kyoto and our own self-imposed target. In
terms of the methodology, which we will probe in
detail a little later in our questioning, again the move
towards renewable energy, the dash for gas, and so
on and so forth, everything seems to be fairly clear.
We have a climate change levy in place, emissions
trading is all there, why do we have to have
another review?

Professor Sir David King: This is a review that was
there to establish what progress was being made or,
as [ understand it, what difficulties were still in place,
but I do think, Chairman, that your questions are
directed more properly on this matter to the
department concerned.

QS5 Chairman: The reason I am asking you the
question is you give advice to the Government. You
have studied this thing in immense detail. If you
thought that the Government was going off track or
not doing something scientific which it ought to be
doing, you would give them advice no doubt in your
own spontaneous way. I was intrigued as to why,
because it says: “We are launching an extensive
consultation on the review”. I thought we had a
pretty clear idea of the nuts and bolts of what was
Britain’s climate change package, if you like. I did
not understand why we had to go and have another
consultation about it. You said a moment ago that

what we needed was a package, for example, of good
fiscal measures that would be required. The
implication that somehow what we have is not quite
delivering, could you address the question, an
implication of your response, and secondly, answer
my question as to whether you think we need a root
and branch review or whether we have to make what
we have in the pipeline work better?

Professor Sir David King: Let me address the very
important question of whether or not things are
being put into place that in the longer term will
deliver the targets. It seems to me I would be
absolutely amazed if these were already biting
because what we are setting in place is targets which
are fiscal in nature which will bring on board the
right kind of behaviour. For example, inventors are
being directed at: here is an opportunity because
there is a new kind of behaviour required to emerge
for inventors to come in, for researchers to come in
with new low carbon technology devices, et cetera.
These will take a while to play through into the
system. In the shorter term, benefits can also come
through in energy efficiency gains in every sphere of
our usage of energy. For example, in the design of
buildings and, again, the targets on building design
are there. They are being pushed through by
improved regulatory behaviour. That again is going
to take a time to come through. New buildings going
up will be the more efficient energy user buildings of
the future, but getting to old buildings and refitting
them out so that they are more energy efficient is
going to take quite a while.

Q6 Chairman: Can I bring you back to the question
that came from what you said? We need an improved
fiscal regime; let me ask you a direct question from
that. Do you think the climate change levy is
working? How much carbon, for example, has been
saved? Do you know as a result of the climate change
levy to date?

Professor Sir David King: No, I do not.

Q7 Chairman: Does anybody?

Professor Sir David King: 1 could find out and put in
a written reply to your question if that answer is
known. Let me rather direct your question at the
whole range of things that are being put into place in
order to meet the targets which provide
opportunities for business, each of which will only
come through if business thinks that this is a long
term process. The fact that we are going into
international emissions trading now means that that
long term process is ensured not only through the
UK’s emissions trading, and we were one of the first
in the world to get off the ground on that, and/or
European emissions trading, but that is going
international. There is now a new trade in carbon
dioxide. I believe London will become the financial
centre for that new market. Our inventors, our
technologists, our companies will be prepared
therefore to make long-term investments, but it is
long term.
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Q8 Chairman: Just to ask you a couple of concluding
comments and then pass to Mr Simpson and Mr
Tipping as well. People say that the problem of
greenhouse gases, climate change is the most severe
problem we face today. Perhaps you could tell us the
answer why. That, if you like, opens up the fact that
there is still a lot of conjecture within science
seemingly about the speed, the process of change for
some who would seem to be in denial almost that
anything is happening at all. Perhaps you might
bring us up to date on those two points.

Professor Sir David King: Short answer or long
answer, Chairman?

Q9 Chairman: I am going to say short because my
two colleagues and others may want to come and
tease out some of these things in more detail later on.
Give us the short version.

Professor Sir David King: In brief, the science of
understanding the greenhouse effect began in 1826
with the great French mathematician Fourier
publishing what we now understand is, if you like,
the duvet effect of our atmosphere on maintaining
heat and the temperature difference between night
and day being relatively small, and so on. The fact is
that our atmosphere absorbs some of the energy that
comes in from the sun and re-radiates it back to us,
so that maintains a higher global temperature than
it would otherwise be. As we add greenhouse gases—
these are essentially carbon dioxide, methane, NOx
gases—then the effect is that the duvet cover gets
thickened and we feel a higher temperature. Carbon
dioxide levels are 379 parts per million today. We
have now from data going back 900,000 years, ice
core data 750,000 years, ocean sediment data
900,000 years. We know from each of the glacial,
interglacial cycles over that period that carbon
dioxide levels in glacial periods were 200 parts per
million and in the warm interglacial periods 270.
Our warm period was 270 until the industrial period
and now it is rising at 1.84 parts per million per
annum and we are at 379. This is higher than our
global atmosphere has had on record and likely for
50 million years. The consequences of that can be
calculated and computed. Certainly our own Hadley
Centre is amongst the world leaders, but there are
four or five independent computer models, vast
models, of our global system around the world all
indicating that we are headed for impacts to our
climate system over the next 30 years which are
virtually independent, and I stress this, of what we
do in terms of carbon dioxide emissions. For the
next 30 years because of the enormous climate
system, it has a lot more inertia than even the social
and political system, that climate system will take 30
years to play out the effects of changing carbon
dioxide levels over the last hundred years. That is
going to be a temperature rise of another 0.6 or so
degrees centigrade. After that, the impacts will get
more and more severe depending on how much more
carbon dioxide we put up. Any abatement of effect
by reducing carbon dioxide is going to play through
in the time of our grandchildren; that is the difficult
political issue. If you look at the impacts that we
would like to avoid, and this is where a lot of the

current science is, in other words, what are the major
impacts that whatever happens we should avoid,
then the melting of the ice sheet on Greenland has
become the focus of attention. If the ice sheet on
Greenland goes, sea levels will rise six and a half
metres and London would be under water. Thatis a
long-term process, but what scientists clearly
understand is that if we reach a global temperature,
which is about two to two and a half degrees
centigrade above the pre-industrial level—and we
are already 0.6, 0.7 above that—irreversible melting
of Greenland ice sheet will begin. These are the long-
term effects that the scientists are examining in great
detail. You mentioned naysayers; there are climate
change sceptics and lobbyists. 1 have to say,
Chairman, that I find it rather difficult to distinguish
between these two. The science community,
thousands of scientists who contribute to our
understanding of the global climate system, is
focusing its attention on these more advanced
problems. What is the effect of increased cloud cover
as the temperature goes up? What are the effects of
aerosols? There are a whole range of challenges. The
challenge is no longer: is carbon dioxide of concern
to us; is it causing global warming? That bit we fully
understand, but the challenges are moving on to
understand what the true impacts will be. My
emphasis is on two factors: we must reduce
emissions for the long-term sake of our system; in
the short term, we must focus on dealing with the
impacts. In our own country, and I have talked to
you about this before, the great impacts are going to
come from increased intensity of rainfall, flooding
and coastal attack.

Q10 Alan Simpson: The resumé from Fourier
onwards was fascinating. What troubled me were
the things you were saying before that which were
really about incentives. The troubling part of it was
that it is very easy to see lots of fragments that are
thrown out as incentives without there being a
coherent strategy. As I was listening, I was reminded
of a different approach, that well-known scientist
Modali of Chicago who said that if you grab them
by the balls their hearts and minds will follow.
Rather than offering incentives and hoping, is not
the scientific scenario that you depict one that says
we just have to change the rules? Business will
change its practices when Government changes the
rules. That is what happened when we introduced
the Clean Air Act. Governments had exhorted
industry for decades to try and clean up their act. It
was not until they were obliged to do so that the
nature of air pollution changed. Are we not faced
with the same issues here? If we want houses to be
more energy efficient, why do we not require that
each new property that is built to generate a
proportion of its own energy? If there are puddles of
flash flooding, why do we not say it has to be a
planning duty that each new building and car park
has to have its own soakaway or reservoir facilities
to deal with this? Why do you duck the issues of
obligations?

Professor Sir David King: 1 wish it were me who was
ducking them. It is not quite that simple.
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Q11 Chairman: Why do we duck it, not coming back
for the things that we have a duty to do?

Professor Sir David King: 1t is a very good question.
I think first of all that the Office of the Deputy Prime
Minister is looking at Building Regulations as a
dynamic process. In other words, Building
Regulations will be improved next year, but thatisa
continuing process. We have to move towards the
kind of system that you describe, but I do think we
have to do this realistically. I have been advising
Government long enough now that I realise that
there is a real world that can only change at a certain
rate. I would like to emphasise this: our objective as
a Government is, I believe, to demonstrate that we
can cope with carbon dioxide reductions and lead
the world in doing this and at the same time have a
really quite remarkable growth in our GDP. In other
words, we are growing our GDP at a substantial
rate, but we are reducing emissions. That is an
important fact to demonstrate to the rest of the
world that meeting the carbon emissions reductions
requirements in order to stabilise the world’s
emissions is not something that will hamper your
economic growth. It is right that the tensions that
you are really referring to are between economic
growth and reducing emissions, and will continue
into the future. We have to find the right pathway
through, but your question was very good because
you are focusing on win-win situations. If you put a
wind turbine on the roof of your house, the capital
cost of that will repay in terms of the lower running
cost of your house. There is an interesting problem
that the private sector in particular tends to occupy
buildings on a relatively short-term scale. So
payback times of more than five years are looked at
askance from that point of view, but it is a good
question.

Q12 Paddy Tipping: You talked to us earlier on
about recent trends in carbon emissions in the UK
that have gone down. Now they are going up largely
because the burning of fossil fuels is on the increase
again. One of the sectors I do not think you touched
on so far is the transport sector. If there is an area of
policy where perhaps we are not making much gain,
I suspect it is the transport sector. Could you give us
a bit of a commentary about what you think is
happening there?

Professor Sir David King: Yes. 1 think the other
country that is leading in terms of the carbon
emissions targets is Germany and precisely the same
problem, if you like, is occurring there where, as
better behaviour emerges in the built environment
and in utility production of energy, transport is
remaining as the growing problem area. I do believe
that it is going to take quite a while to bring this into
line with the anticipated reductions. There are two
areas of transport that are really quite separate: one
is ground and one is air. In terms of ground
transport, I think we are very pleased to see the
emergence of the hybrid engine to replace the
straightforward combustion engine, which I am very
happy to say I arrived here in a car driven by a
hybrid engine. The Government car service is now
beginning to change its fleet to hybrid engine driven

cars, at least as an option. Sixty-eight miles per
gallon in London from a car that is delivering a top
speed of 106 miles an hour (not in London). We will,
I am sure, see the hybrid engine come in very
substantially in the future. I am convinced that that
will then be coupled with a very significant reduction
in carbon dioxide emissions. Again, it is a win win.
The fuel costs for the driver are substantially
reduced. Of course, I am very pleased that in
London the congestion charge on cars has not been
applied to hybrid engine driven cars. That is another
fiscal process that can bring on the right sort of
behaviour. With air travel, we have, of course, a
bigger problem and there the problem is that there is
no tax on the fuel that the aircraft use. The reason
given usually is that this requires international
agreement. We do have international agreements on
very many things, such as fishing. I think it means
that international agreements are possible in this
area as well. Certainly I am very pleased that Britain
is backing the introduction of aircraft carbon
dioxide production into the emissions trading
process. We have pushed it in Europe and we will
continue to push for it on the international scene.
Air travel is exacerbated in this sense by the push for
very cheap travel—and I suspect we are all guilty of
this particular form of travel—and the practice there
is for very rapid turnaround at airports. Many of us
will travel on these flights precisely because they
often get in early and the timing is very good, but the
way they achieve that is to fill up with fuel in the
morning and then travel with a very heavy plane
through most of their flights. This is a very expensive
way of using fuel. It is also, of course, very bad for
the environment and that is where fiscal process,
Chairman, is simply not coming into play to get the
right behaviour at the moment.

Q13 Paddy Tipping: You take an overview of
Government scientific advice. I suspect in the
Department of Transport climate change is not high
on the agenda. Do you think it is?

Professor Sir David King: 1 think climate change is
now high on the agenda right across Government.
As a matter of fact this comes from Number 10, for
example, there is a Clean Vehicle Group. I sit on that
group looking at exactly this problem and bringing
biofuels on. No, I do not think any department is
escaping the rigours of the climate change agenda.

Q14 Paddy Tipping: Finally, you mentioned
biofuels. It has been on the agenda for a long time.
Why are we not using it more frequently in the UK?
Professor Sir David King: The idea is to ramp up the
percentage of biofuel in the petrol that you fill your
car with; that is already happening and will continue
to happen, but let me quickly say—

Q15 Paddy Tipping: Let me challenge you: you say
that is happening. I am not entirely sure it is; is it?

Professor Sir David King: Let me come back to you
on the current percentage of biofuels in fuel. Let me
say at once that I believe if we look at this as a global
problem, as we have to, that there are very
significant limits on what biofuels can produce
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globally. The other major problem facing us globally
is clean water provision. Each of these problems is
generated by our global population. We are now at
6.2 billion and we are likely to plateau out at about
10 billion provided there are no major disasters.
Clean water provision to provide the food that we
require is not going to meet that global population
demand at its present rate beyond about 2040. A
further demand to provide energy through clean
water, as you would need with biofuels, would only
exacerbate that problem.

Q16 Mr Lepper: Sir David, you said just now that
the push within Government was coming from
Number 10 and influencing, as you see it, all
Government departments. The Prime Minister has
obviously made it clear that during the UK’s
Presidency of the G8 next year climate change is
going to be a priority issue. I think we kick off with
the conference in February at the Hadley Centre to
review the latest climate change science. Is that going
to be, do you believe, more than just a sort of
showplace reviewing the state of science, or is the
hope, the aim that it might come up with some policy
strategy initiatives that are going to inform not only
that year of the Presidency but the G8 from then on?
Professor Sir David King: 1t was the Prime Minister’s
desire that the discussions that ensue during the G8
Presidency year on climate change should be
informed by science. It was, therefore, his request
that we put right up early in the year a meeting to
evaluate the current state of climate change science.
This is a meeting that is not intended in any way to
overtake or supplant the activity of the
Intergovernmental Panel on Climate Change which
continues its own work at its own pace. The meeting
to be held in the Hadley Centre from 1 to 3 February
will have the senior scientific players from around
the world at it. I believe those scientists feel that is a
very good opportunity to review together the current
state of climate change science. As a matter of fact,
since the Intergovernmental panel last reported in
2001, climate change science has really moved on in
leaps and bounds. Virtually weekly, Chairman. In
the journals Nature and Science, there are very
important papers in this area being published. I
think the scientific community sees this as a
marvellous opportunity to review the science. The
intention is not for us in the British Government to
put a heavy hand on that conference. It is rather to
see that the scientists can set out the scientific arena
as they see it today. What we are not, therefore,
anticipating is any policy directives to come from the
scientific conference itself, but rather a clear
statement of where the science is at the moment so
that the politicians can take it from there.

Q17 Mr Lepper: That has clarified that for me, thank
you. You said that the speed of understanding of
science by scientists increases rapidly. You also
talked about the importance of the international
panel but said that it will continue “at its own pace”.
I was a little worried by that “at its own pace”. Is

there that suggestion that the political discussions at
international level are lagging behind the speed of
accumulation of scientific understanding?
Professor Sir David King: The Intergovernmental
Panel on Climate Change is an Intergovernmental
group of scientists; that is not a political grouping.
The COP meeting taking place in Brazil this week is
a meeting of officials from governments. That
continues under the United Nations Framework on
Climate Change which will continue to meet on a
regular basis, certainly more than once a year, but
the scientists will only next report I think in 2007.
They make a very detailed report. The report of the
scientific community published in 2001 is many
hundreds of pages long and it does represent the
work of thousands of scientists.

Q18 Mr Lepper: Is science currently looking at not
only mitigating the effects of climate change, which
is what we usually talk about, but also adapting to
the effects of climate change? Is the balance right in
the way in which both the scientific community and
the public generally think about the issue of climate
change: mitigation, adaptation?

Professor Sir David King: 1 am very glad you have
posed that question in that clear form because I
think that it is quite right that we focus attention on
mitigation because carbon dioxide reductions are
going to be key to the long-term behaviour of our
planetary climate system. In the shorter term,
adaptation measures are vital for almost every
country round the world. It is often said that
countries like Russia will benefit from the climate
change, the warming of the climate. The melting of
the permafrost creates massive problems for built
environment on the permafrost. As a matter of fact,
the Alaskan pipeline is already beginning to suffer
from the melting of the permafrost in the Alaska-
Canada region. The climate change impacts region
by region around the world are quite severe. Because
these impacts begin to take effect rather slowly I
think countries are being slow to respond to them. If
I can just dwell on the hot summer of 2003: I am one
of those who stresses that we must not associate each
extreme event with climate change, so in the case of
Boscastle, I do not know if that would have
happened with or without climate change. The
summer of 2003 is the biggest natural disaster that
central Europe has seen probably since 1500 or
maybe longer. Currently, we estimate over 30,000
deaths can be associated with that very hot summer
we experienced in Europe. It is certainly the hottest
on record by a long way, by such a long way that
when you take the data we have going back to 1864,
that summer of 2003 stands—excuse the
mathematical term—5.2 standard deviations away
from the mean of that period, which means that it is
a 1in 1,000 year event. That is only if you take 1864
to the present time as static. Now there have been
two very detailed statistical analyses of that summer
published which show that, however, with warming
of the climate the extremity of that temperature rise,
half of it can be attributable to the baseline increase
and half to an extreme event. We can say with 90%
confidence that half of the severity is attributable to
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climate change. Then extrapolate forward and by
the time you get to about 2045, that will be a typical
summer in Europe. That event which would have
been a 1 in 1,000 year rises to a 1 in 100 and actually
happens and in perhaps 35, 40 years’ time will
become an average summer, by which time we will
not be going off skiing in the Alps.

Q19 Mr Lepper: Can I ask you one final thing? We
talk and you have talked now about global warming
and about climate change in that sense. We have had
some evidence from the Biosciences Federation
which talks about research which could indicate that
changes in ocean currents could cause Europe to
freeze. What is the status of that theorising at the
moment? What is the likelihood of it happening? Are
the two scenarios that seem to be global warming
and global cooling incompatible or are they part of
the same issue?

Professor Sir David King: They are certainly not
incompatible, and it is certainly not going to happen
The Day After Tomorrow. If 1 can for a moment,
Chairman—I realise my children tell me I am
inclined to give lectures so you must stop me—but if
we take the ocean over the equator as being hot by
virtue of receiving much more solar energy and the
fact that it has a movement up towards the northern
pole, so that ocean surface water that is hot moves
up to the northern pole. As it gets up there, it is
cooled down and as it cools because it is saline, salty,
it drops below the hot current and can actually flow
back underneath it. We have this thermohaline
circulation current which is the world’s biggest heat
conveyor. It is conveying heat from the tropical
regions up into the northern region. Our
temperature is, therefore, maybe 25 degrees
centigrade higher than it would otherwise be. A
corollary, by the way, is that equatorial
temperatures are, therefore, lower, so there is a
balance. It depends on the salinity of the water.
What happened eight and a half thousand years ago,
and this is why we have some knowledge of this, was
that over Canada there was an ice dam formed that
was literally damming up over Canada a great pool
of fresh water. During the warming from the last ice
age, that ice suddenly broke, the dam broke and the
water flowed into the North Atlantic. The salinity
rapidly changed and it switched off the thermohaline
current. In that period the global warming was
arrested and then climbed up again in Europe. That
is exactly what the scientists are raising as a
possibility of happening as we lose Arctic ice. We
have lost at least 40% of Arctic ice so far over the last
50 years. Asthat goes, because ice itself is non-saline,
the salinity of the oceans changes and that threatens
the thermohaline current. The probability of that
happening, the probability of it switching off is
probably low. The probability of slowing down the
circulation may not be so low. There is some
evidence coming through now that there is some
slowing down. The overall timescale of the event—
and this is why I referred to the film The Day After
Tomorrow—it will not happen in two weeks. It is
something that if it happens, it may happen over a
three-decade period. There is another interesting

question which is: if we have the rest of the globe
warming up and we are then losing the thermohaline
current keeping us warmer, we may end up with a
climate in balance.! There is no clear indicator that
we would actually go into a mini ice age, but because
the rest of the globe is warming up, we may not
suffer. Having said that, my final point is that the
areas around the equatorial region will warm up
more as a result of switching off the thermohaline
current. All the focus is not on what happens in the
north, which is where we are, but actually Africa,
which is already set to suffer twice the average
temperature change for the globe.

Q20 Patrick Hall: Sir David, you talk about two
things we have to do now: one is to deal with the
immediate impact; the second one is to reduce
emissions for long-term effect. This Committee took
evidence on water pricing recently and Ofwat and
others were subjected to a similar question in which I
participated. There was no denial of global warming
climate change from the water industry and from
Ofwat, but what was said was that there was
insufficient evidence now to justify a step change in
investment that would be needed, for example, with
the sewerage system to be able to take the increased
frequency and intensity of heavy rain episodes. That
is the view I think, I am recalling fairly, of not only
Ofwat but possibly the Environment Agency as well
and certainly the water industry. I suppose I am
putting you in a position of judging another
industry; that is not quite the intention. Would you
say that there is sufficient evidence now of the impact
of climate change?

Professor Sir David King: 1 have already mentioned
the summer of 2003 as the kind of event that we
would not have seen happen with that severity
without the underlying climate change. If we look at
the UK—and I am in danger of repeating what I said
to this Committee before—one of the indicators of
climate change is the usage of the Thames Barrier
where we see that it was first used in 1982. Its use was
anticipated to be once every two or three years. It is
now used on average six times a year. That is
increasing on a growth curve that is correlated with
these climate change events. All of these are
indicators that these factors are playing through into
the climate system already. One of the important
events is increased intensity of rainfall and our
drainage and sewerage systems were not designed
for these more intense rainfall systems. I set up a
foresight programme which engaged 92 scientists
over 18 months. It was an in-depth analysis of the
kind that no other country has managed to date
looking at the potential impacts of climate change

' Footnote inserted by witness: The latest publications by the
IPCC state that all models show a weakening in the Gulf
Stream but none predict it to shut down by 2100.
Deliberately switching off the RHC in climate models leads
to a cooling in the UK, but the level varies depending on the
models used. An average figure published by the IPCC
shows UK temperatures falling by 1-3 degrees centigrade
over a decade. The more probable outcome is that any
reduction in average temperatures in North-West Europe
due to a weakening of the THC will be more than offset by
global warming.
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on our systems for the next 80 years. That indicates
very clearly that the impacts will be severe unless we
begin to invest now in modernising and upgrading
these facilities. One of the factors that was surprising
to many people about our report: they anticipated
that the biggest problems would be the coastline
where you get a double whammy from coastal attack
and from fluvial flooding. As bad as a potential
increase in risk was for our major Victorian cities
because of the factor that you mentioned. We feel
that our Foresight programme does signal that
increased investment is required, but that it can be
spread over many years. It does not have to impact
immediately as long as planning begins now and can
begin to be implemented. In September of this year
in London, as you probably know, it was decided
after a flash flood to spill 250,000 tonnes of sewage
into the Thames. That is the kind of event that can
only be avoided by quite a big investment in the
future.

Q21 Mr Lazarowicz: Sir David, if I could ask you a
supplementary on the issue of the changes in the
ocean currents which we were discussing, changes in
the ocean currents leading to global cooling.
Without going into too much technical detail, what
are the kind of signs you might expect to see that this
was indeed occurring, to what extent are we seeing
those signs now and, if we were to see those signs,
what we could do about it or would it be too late at
that stage?

Professor Sir David King: Signs of the—?

Q22 Mr Lazarowicz: Changes in the ocean currents
on the lines that you were outlining earlier to my
colleague here.

Professor Sir David King: 1 think there is only one
way to answer that question. It is exactly the same
answer I would give if 1 was asked about the
Greenland ice sheet beginning to melt irreversibly. If
we start seeing it melting, it is a bit late. I think the
answer to the question is: we have a global climate
system and we can treat it experimentally but at our
own cost. We can test it by raising carbon dioxide
levels to see if it responds the way the scientists are
predicting or we could avoid doing that.

Q23 Mr Drew: If we could look at the paper that you
presented to us, which I have to say is a great benefit
and majorly concise which sums up the main
issues. Understandably, you highlight the UK
Government’s role as per the EU Presidency and the
G8 next year. If I can take the second of those first:
you talk about what we, as a country, intend to do
by highlighting our concern for Africa. Obviously
climate change is a specific issue with regard to
Africa which you have just mentioned. It is nice of
us to highlight that, but in a way we have to be very
careful we do not patronise the Africans by telling
them this is their problem as well as our problem,
when the reality is they see the problems of conflict,
certainly of underdevelopment, poverty as being
well in advance of this. What would your message be

to those African governments who have yet to see
this as a specific issue which they have to address
even if we would want them to address it?
Professor Sir David King: 1 will take your question
re Africa, but if T just treat the international situation
first of all. It is very important in terms of this global
problem that we bring all countries into the
international process. At the moment, the only game
in town is the Kyoto Agreement. Therefore, it is
important that we engage with all countries in that
agreement. What I am keen to see is that in that
discussion we take into account, all of us, jointly, not
preaching to anyone, but take into account the local
circumstances, whether economic or in terms of
local climate. The African continent situation is that
their carbon dioxide emissions per person are lowest
globally at around 1 tonne per person of carbon
dioxide per annum. The United States is at 21 tonnes
per annum per person. I think that it behoves us,
therefore, in discussions with Africa not to focus on
their need to reduce carbon emissions, but rather to
focus on the need to prepare for the increased
impacts that climate change will have on their
countries and for us to be offering through North-
South capacity building exercises assistance in that
process. In other words, I would bring African
countries into the discussion by indicating to them
that we would be prepared to work with them on
using scientists and engineers to see what impacts
there will be for their societies from climate change,
just as we have done this for the British Isles to
advise our Government: we could offer that. We are
already offering this to other countries. We are
talking to China and India about implementing our
programme to investigate what needs to be done in
their countries. I think this is a way of bringing these
countries into the discussion.

Q24 Mr Drew: If we could just look at the issue of
how it could be done and we have these two
terms: adaptation and mitigation. I will be quite
interested to hear what your definitions are of those
two and how this is something that has to be
addressed by looking at maybe the role of EU and
what we should be doing as part of EU.

Professor Sir David King: 1If we did not have a
Thames Barrier, adaptation would be to put up a
Thames Barrier. The Thames Barrier was designed
for a 1in 2,000 year event. Because of the changes in
our climate system it will probably be a 1 in 1,000
event that it would sustain by 2030. Looking
forward for the UK, adaptation means seeing what
kind of retrofitting needs to be done to the Thames
Barrier to keep it at 1 in 2,000 into the future and
maintain the safety of London; that is one way of
adapting. Another way of adapting for the UK is to
declare regions of our countryside as potential flood
plains which could be used in the case of flash floods
in a city for run-off water to be taken allowing the
cities to be kept free of floods, but this means that
those flood plain areas would not be designated for
building permission. That is what I would describe
as adaptation. Mitigation: quite simply reducing the
basket of greenhouse gas emissions.
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Q25 Mr Drew: If we could move on to the role of our
Presidency of the EU, and clearly mitigation and
adaptation will be something that we will have to
work through with the EU. The countries that have
as yet failed to sign up to Kyoto, if my list is correct,
the US, Australia, Liechtenstein and Monaco. I was
tempted to say how are we going to deal with
Liechtenstein and Monaco, but we will put that to
one side for the moment. What is the pressure that
the EU brings to bear to deal with the US and
Australia, given that there could be a response of an
African regime to say: why are we bothered about
this? The main country in the world with the highest
level of greenhouse emissions is not serious about
this. The reality is we know the Americans have their
own attitudes towards compliance, which is not
nearly as bad as is sometimes pointed out, but we
still have Kyoto as our main flag behind these
remarks. It is pretty important that we all march in
the same direction. What would you be saying via
the Prime Minister through the EU to the way in
which we should be addressing this with the
Americans in particular?

Professor Sir David King: Can 1 first of all address
the situation with Russia because I can then refer to
a situation you might have asked me about, but we
have seen a change there. I think it would be fair to
say that the UK, acting with its European partners,
worked very hard with Russia on ratifying the
Kyoto Protocol over a long period through this year.
I was one of the players in that process; it was not a
straightforward question of persuading them at
every front. I think people realised that membership
of the World Trade Organisation was involved in the
discussions, so bringing other matters into play was
significant. The net outcome is that we have Russia
on board ratifying the Protocol, so from 16
February the Protocol comes into play and we move
into global emissions trading; that is now the new
situation. As I said before, I believe the financial
centre for that new trading is going to be London.
That, in itself, is a matter that has not gone
unnoticed in the United States, the fact that the
trading centre will be in London; it is a big
commodity. The United States is a country with 4%
of the world’s population, 25% of the world’s
emissions, it could be a slightly higher figure, but it
is of that order. Quite clearly what is required in
international agreement, in bringing China and
India on board, let alone Africa, is going to be that
the United States is also an international player on
that scene. As we move forward with Kyoto coming
into play, I do think that we are going to see those
three big players—China, India and the United
States—talking to each other about the actions that
will be required. They are all in very different
situations, but each of them is a substantial carbon
dioxide emitter in total, not per person but in total,
and India and China are growing very rapidly, but I
do think that process will have to move together to
avoid the problem that you raise. Africa, I would
say, is somewhat different because I would focus
more on the need for capacity building, the need to
avoid the major impacts of climate change.

Q26 Mr Drew: The last question is: we heard what
the Secretary of State had to say today and the
subtext to that was that we are going to become
much more serious with regard to energy efficiency.
Clearly, you have been briefing and assisting in how
we take that forward. If we look at the UK'’s
approach within the wider international context,
how can we move towards really serious energy
efficiency mechanisms and see a much more rapid
reduction in the use of fossil fuels? What sort of
keynote points would you be saying, besides what
the Secretary of State has glossed over, shall we
say, today?

Professor Sir David King: 1 think 50% of our
emissions come from the built environment, 25%
from transport and 25% from industry; that is the
overall breakdown. From that you can see why the
focus is on the built environment for energy
improvements. The efficiency there is the big win-
win payback. The 25% in transport is the rising
figure I would say, for the reasons we discussed
earlier. That is where technological innovation is
most likely to come into play and it is going to take
some time. We have the hybrid engine coming in
now. There is the possibility of hydrogen fuel cells
coming into play some years down the road. I think
that we are going to see big changes in our transport
sector. Everyone knows that the average car is quite
a long time on the road, so once again there is a time
lagin that process. There are very big potential gains
to be had in combined heat and power systems.
Quite simply, if you generate electricity at a power
station you throw 60% of the energy away in the
form of heat and the rest in electricity. You then put
it back into houses and convert that into heat. If you
have a combined heat and power system you
generate electricity and heat where you need the
heat; there is where a very big saving can be made.
We have roughly 5% of our energy on the grid from
combined heat and power. Best practice: Denmark,
50%; that is the sort of aim that I think we should
have.

Q27 Mr Mitchell: Are the intentions of the UK’s
own climate change programme realistic?
Professor Sir David King: Is the intention to reduce
emissions by 60% by 2050 realistic? I think it is
realistic in the terms of: is it doable? I am not going
to give the answer you are expecting. Is it realistic in
terms of is it ambitious enough? I am not sure
because it could be that if we want to avoid these
major impacts threatening the thermohaline
circulation, the Greenland ice sheet melting, that we
may have to increase that target perhaps to 80% by
2050. I think that my only question of realism is:
what is actually going to turn out to be enough?

Q28 Mr Mitchell: Realistic even in terms of
emissions from aviation, for instance?

Professor Sir David King: 1 think in terms of
aviation, it is going to be critically important to see
that aviation fuel is included in emissions trading. In
other words, I think you have to internalise the
external costs of CO; emissions in order to provide
the fiscal lever for good behaviour in that arena.
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Q29 Mr Mitchell: Basically, are you saying it is
realistic in terms of what the world is doing but not
realistic in terms of what it needs to do?

Professor Sir David King: 1t is realistic in terms that,
globally, governments need to recognise the
importance of this issue. Once that is recognised and
there is an agreement that we need to deal with and
are all sitting around a table, we can begin to tackle
it. One of the criticisms of the Kyoto process that is
often made is that it will not reduce emissions
enough to tackle the problem. That is not the point
of the Kyoto process; it is a fiscal process. It is a cap
and trade mechanism which can be tightened. Once
we have agreement, sitting around a table and
discussing what level of emission we should aim to
not go beyond, then we can sit down and reset
targets as we progress through the next few decades.

Q30 Mr Mitchell: Of course, that is not rectifying the
damage already done.

Professor Sir David King: The only way we can
rectify the damage already done would be to put up
carbon dioxide scrubbers in the atmosphere.

Q31 Mr Mitchell: Can we do that?

Professor Sir David King: There is a scientist from
America, Wallace Broecker, who is very keen to
demonstrate that we can do that. He has generated
large scrubbers that stand perhaps as high as the
ceiling in this room and about a metre wide and he
reckons if we had about 1 million of these placed
around the United States we would begin to be
scrubbing carbon dioxide out of the atmosphere.
That is not a lot, but the problem is that, having
captured the carbon dioxide, you then have to store
it, and that problem has not been solved.

Q32 Mr Mitchell: I have a great interest in scrubbers
actually, which are aesthetically pleasing, as
windmills!

Professor Sir David King: Yes, he set some up in the
park in New York to demonstrate that they were
aesthetically quite pleasing.

Q33 Mr Mitchell: Politicians are very good at
preaching and warning of the dangers to come.
What does the Government need to do get and keep
this on track?

Professor Sir David King: To get the UK on track?

Q34 Mr Mitchell: Yes?

Professor Sir David King: Your question is: how
does the UK stay on track in order to provide this
leadership role.

Q35 Mr Mitchell: When it comes to hard measures,
what does the Government have to do apart from
preach?

Professor Sir David King: 1 do not think that I see my
colleagues preaching. I do see them acting on this
issue, but that is not for me to say. What I think is
required is—and I come back to fiscal process, to
regulatory process—right across the board, whether
we are talking about use of vehicles on roads, in the
air, generation of electricity by utilities, use of energy

by industrial companies, the private sector, the way
in which individuals behave in our society, in other
words, is it really necessary to drive SUVs around
London? There are choices that we all make.

Q36 Mr Mitchell: It manifestly is not, but people are
going to go on doing it so long as it gives them a kind
of macho sensitivity, are they not? So government at
some stage is going to have to take measures that
hurt. It is no use just saying, “Do it this way, do it
that way”, and just preaching to us. When is it going
to begin to inconvenience people? When does it need
to begin to inconvenience people?

Professor Sir David King: Once again, we come back
to saying that I believe economic measures are what
will bring about most of the changes that are
required. I do not believe we should be preaching at
people—I now understand what you meant—to say,
“Behave better”, but, if it is economically
advantageous, for example, congestion charges not
being applied to cars with hybrid engines, it is
precisely that sort of thing. If you are coming into
London on a regular basis, it is quite a big cost
difference, and then you discover your petrol
charges have gone down as well.

Q37 Chairman: Before I bring Mr Simpson in, can |
ask you about something that has been niggling at
the back of my mind, a term which is often used. You
talked at the outset about part of the reason why the
energy generating sector had contributed to an
increase in COz emissions by the greater use of coal.
A phrase that is often used here is “clean coal
technology”, as if magically we can dissipate coal as
a generator of carbon dioxide. Would you explain
just explain to me what this clean coal is?

Professor Sir David King: There are two sides to
clean coal technology. One is less noxious fumes.
Sulphur dioxide NOx is nothing to do with
greenhouse gas emissions of the kind we have been
discussing here. We have been focusing this on
carbon dioxide emissions emissions. You burn coal,
you get carbon dioxide. Clean coal power stations
are, however, much more efficient at producing
electricity per ton of coal—you do reduce the
amount of emissions per kilowatt hour of energy
that is produced—so clean coal technology is a help.
One of the important aspects of pushing for clean
coal technology, for example, as China builds more
and more coal-burning power stations, we are
encouraging the building of power stations that use
clean coal technology, because these power stations
can be retrofitted for carbon capture and storage
once the storage capability has been developed by
the technologists. In other words, if at some point 10
or 20 years down the road carbon capture and
storage becomes a useful technology, then it can be
retrofitted on a clean coal power station. It is a good
form of behaviour, but at the same time, one has to
stress, at this point in time we do not have a clear
technology for carbon capture.

Q38 Alan Simpson: For one moment there,
Chairman, [ was tempted to feel virtuous listening to
Sir David when he talked about the need to go into



Environment, Food and Rural Affairs Committee: Evidence Ev 11

8 December 2004 Professor Sir David King

an increased use of combined heat and power in the
sense of changing individual conduct in the way we
approach energy! That is pretty much what I am
doing with a derelict building in the middle of
Nottingham which will generate more energy than it
consumes on a renewable basis; but I have to say
from that experience, Sir David, if this was being
done on the back of market incentives I would not
have even begun to go there. So to presume that we
have anything like a framework that incentivises
that shift does not square with my experience, let
alone my analysis. What worries me, however, is
that I am not even convinced that we can get there
just on incentives. One of the great paradoxes is that
we might need to push into this idea of changing
market rules rather than just fiscal incentives. If you
go round the energy companies and talk about their
business plans today, they all still talk about selling
more consumption or having a larger share of
consumption. Ask them how they approach the
selling of less consumption and you just meet blank
faces. I am just wondering whether, in fact, there is
not a case for a much more radical rethink of the
nature of energy markets. Why is it that we say to
energy companies that they are not allowed to take
part in a trading market that sells home warmth?
Professor Sir David King: Sells home?

Q39 Alan Simpson: Home warmth, so that you sell
the non-consumption of energy against thermal
efficiency gains rather than the consumption of
energy. Given the scale of the scientific analysis and
the consequence, do we not need a paradigm shift in
the way we think about the nature of markets for
non-consumption rather than slowing down
damaging consumption?

Professor Sir David King: 1 think you and I are going
to find a large degree of agreement on this. The kind
of fiscal processes that I am pressing for are,
however, a vital part of that whole process. If I have
understood what you are saying, the mere fact that
more people are discussing this as an issue, that it is
appearing in the media as an issue now on a frequent
basis, is already coming through into people’s
thinking on how they should operate within this
energy consuming world of ours. I hesitate to say
anything that would be interpreted as preaching, but
I do think that it is a changing culture that will
emerge simply by people becoming more aware of
the consequences of continuing as we did before.
The kind of macho behaviour that Mr Mitchell
referred to I recognise, and, of course, we all do, and
in a way the high energy consumption indicator of
your profound ability to stand with a large footprint
on this earth is part of that process (a rather male
sort of picture, I know), but I think that changing
that as the ideal image is what would accompany this
kind of discussion, but I do think we need the fiscal
process as well.

Q40 Alan Simpson: I am not disputing that, it is just
that it seems to me that I am having difficulty
pushing you beyond fiscal processes. For instance, it

seems to me that one of the realities that we have to
face in government is that probably 80% of the
population today will live their lives in 80% of the
existing housing stock today, so what we do in terms
of new building standards is in the other percentage;
it is what we do with the existing stock. We know, for
instance that the least thermally efficient properties
are the privately rented, multiple-occupancy
properties in relation to which we are beginning to
introduce an approach to licensing. Does it not
make sense to then say you have to set thermal
efficiency standards that would apply to the right to
have a licence? Would it not mean, in addition to
that, that in the same way that we have energy-
ratings for white goods that you have energy-ratings
as part of a property portfolio so that, at the very
least, people are able to judge the thermal efficiency
of properties they are renting or leasing or buying?
Have we not got to go into that—that sets the
measurement of our improvements in thermal
efficiency—if we want to demonstrate thermal
efficiency gains?

Professor Sir David King: 1t is all a question of
leading and having the public with you in this route.
I think any government would be concerned about
stepping out too far from where the public want to
be at any point in time, and so I think that, as this
whole issue becomes more of an issue of public
concern, there will be more acceptance of the kind of
measure that you are talking about.

Q41 Chairman: Can I conclude with one final
request, if you are able to help us? The question of
transport and aviation has been a theme that has
woven its way through a number of our exchanges
and you have also put a strong emphasis on the need
to further develop fiscal measures as a way of
achieving some of the objectives to which you have
referred. What we are lacking is an indication of
some of the elasticities that are involved in air travel.
If there is any work that you know of to which you
might be able to direct us to give us a better
understanding of the economics of air travel and the
trade-offs that would occur if by whatever fiscal
measure you chose you put the price of it up, that
would be exceedingly helpful to us.

Professor Sir David King: There is a good challenge.
Can I correct one point I apparently mistakenly
made earlier on, which is that I referred to the COP
10 meeting that is taking place now as being in
Brazil. It is not. It is in Buenos Aires in Argentina.

Q42 Chairman: We were just off, but you have saved
us going to the wrong place. It is very kind of you to
save us that difficult journey. On behalf of the
Committee can I thank you, as always, for the clarity
and candour of what you have said. If there are any
further thoughts in addition to the ones that we have
specifically asked for that you would like to
contribute in the light of our questioning, we would,
as always, be delighted to hear from you. Thank you
very much indeed for coming and answering our
questions.

Professor Sir David King: Thank you.
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Supplementary memorandum submitted by Sir David King (U34a)

QUESTION

Mr. Michael Jack:

1. Do think the Climate Change Levy is working? How much carbon, for example, has been saved
by the Levy to date?

ANSWER

When the Climate Change Programme was published in 1990, the Levy package as a whole was forecast
to save at least 5 million tonnes of carbon (MtC) per year by 2010. This included savings of at least 2.5 MtC
from the Climate Change Agreements CCAs. The Government commissioned an independent study of the
effects of the CCL by Cambridge Econometrics in 2003. It hopes to be in a position to release final results
at Budget 2005.

In relation to the CCAs, in 2002, the first target period, the total of the absolute savings in carbon
emissions from each CCA sector compared to its baseline was around 4.5 MtC per annum. These figures
are dependent on changes in industrial activity and for 2002 take into account a significant drop in output
in the steel industry. Although a large fraction of these savings (over 2.5 MtC) was achieved in the steel sector
(mainly through reductions in production) many other sectors also achieved savings beyond their targets
for the first and later milestones, and many have already achieved their 2010 targets. The total absolute
savings from the other sectors combined was 1.9 MtC per annum. These targets are currently being reviewed
to ensure that they continue to represent the potential for cost effective energy savings taking account of any
changes in technical and market conditions.

QUESTION

Mr. Michael Jack:

2. Is there any work that you know of to which you might be able to direct us to give us a better
understanding of the economics of air travel and the trade-offs that would occur if by whatever
fiscal measure you chose you put the price of it up?

ANSWER

Hard evidence is difficult to get with problems in fares data meaning that from air traffic forecasts in the
Department for Transports (DfT) they were only able to derive robust estimates for some market segments.
Previously the DfT have tended to rely on estimates from the literature, which are subject to a range, when
looking at the impact of outside developments or policy scenarios.

DAT used an overall estimate of —0.8 until the late 1990s, but rounded it up subsequently partly for reasons
of arithmetical simplicity but also because of changes in the structure of the airline industry, principally the
emergence of No Frills Carriers (NFCs), which were indicating a higher passenger responsiveness to lower
fares by both business and leisure passengers.

In all the analysis of the impact of alternative assumptions and policy scenarios carried out in the Future
of Air Transport White Paper and the preceding consultation documents, the DfT assumed a fare elasticity
of —1 (so that a 10% increase in air fares would result in a similar reduction in passenger demand). See for
example paragraph 11 of Annex A of the White Paper which considers the impact on demand of measures
to cover external costs. (BELOW—
http://www.dft.gov.uk/stellent/groups/dft_aviation/documents/page/dft_aviation_031507.hcsp)

“As the Government has a policy commitment for aviation to pay for its environmental impacts,
modelling takes account of the effects of an economic instrument, such as a permit trading scheme, on future
demand. An economic instrument would reduce the demand for flights, as the cost base for the industry
would be increased. In “Air Traffic Forecasts for the United Kingdom 2000”, we calculated that a notional
100% fuel tax would lead to a 10% increase in airline costs (assuming fuel costs were 10% of airline costs)—
and a 10% increase in air fares, assuming the increased costs were passed through in full to passengers. This
would then have the effect of reducing demand by 10%.
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12. Since the national forecasts were published in May 2000, there appear to be factors at work leading
to airline costs—and hence air fares—declining faster than was previously forecast; and their effect is
sufficient to offset the fall in demand expected from the impact of any economic instruments. These
factors are:

the “no-frills” sector: The no frills sector (such as EasyJet and Ryanair) is expected to capture more
of the mainstream domestic and short-haul markets. These airlines, with substantial lower costs
and fares than traditional airlines, will contribute a large stimulus on the UK aviation market.

greater competitive pressure: It is expected that to ensure commercial survival, the cost base of the
traditional scheduled airlines will need to be cut. The pressure to cut costs stems from the
competitive threat of the NFCs.

liberalisation: In long-haul markets, it is expected that the liberalisation of current regulatory
restrictions will represent an important cost driver. It is also believed that increased airline
competition resulting from additional airport capacity will put downward pressure on costs.”

January 2005
Memorandum submitted by the Tyndall Centre for Climate Change Research (U8)

The Tyndall Centre brings together scientists, economists, engineers and social scientists, who together
are developing sustainable responses to climate change through trans-disciplinary research and dialogue on
both a national and international level—not just within the research community, but also with business
leaders, policy advisors, the media and the public in general.

The Tyndall Centre welcomes the opportunity to submit evidence and would like to be kept informed of
the development of the inquiry and the committee’s responses to it.

1. The forthcoming review of the UK Climate Change Programme during 2004-05, looking particularly
at what new policies might be needed to keep the United Kingdom on track in reducing all greenhouse gas
emissions.

EXECUTIVE SUMMARY

We welcome the forthcoming review of the UK Climate Change Programme, but stress that in its current
state the Programme is seriously off course and the UK will not meet its carbon reduction emission targets
of 20% by 2020, let alone the 60% by 2050. We suggest a significant overhaul of the Programme, especially
in the areas of transport (including aviation and freight), renewable energy, energy efficiency, energy
consumption, agriculture, building and construction. We propose the use of Domestic Tradable Quotas
(DTQs) as a “cap and trade” scheme for greenhouse gas emissions.

We acknowledge the key role that the UK Government will play in 2005 as Chair of the G8 and as
President of the European Council in driving forward the Kyoto and post-Kyoto agendas. We urge the
Government to use this opportunity to re-engage the USA and Russia in dialogue towards ratification of
the Kyoto protocol.

1.1 Aviation

The Aviation White Paper, “The Future of Air Transport”, fails to give proper attention to the way in
which projected air traffic expansion will more than double carbon dioxide emissions from UK flights by
2030, to 65-77 million tonnes. It is clear from the White Paper that DfT expects emissions reductions in
other sectors, domestically and in Europe, to compensate for aviation growth. However, our analysis
broadly concurs with that of the Environmental Audit Committee, raising serious doubts about the
feasibility of reconciling the Energy White Paper target of a 60% reduction in CO2 emissions with projected
aviation growth. Neither will European Emissions Trading allow aviation growth and effective, long-term
climate change targets to be reconciled. It is important that this is widely understood, before excessive new
airport infrastructure is constructed, and before Government opts to explicitly exclude international
aviation from the Energy White Paper target. This would very seriously weaken the potential effectiveness of
the target and set back policy progress. An urgent review of aviation growth projections and infrastructure
requirements in the light of raised ticket prices is recommended.

1.1.1 European Emissions Trading

The aviation industry and DfT appear to believe that bringing aircraft emissions within the European
Emissions Trading Scheme will allow the UK aviation industry to grow by providing a larger market within
which aviation can buy emissions credits (ie permission to emit). However, if the aircraft emissions of other
European countries increase at rates similar to those projected for the UK (as average medium-term
Eurocontrol traffic forecasts imply), while at the same time European countries also contract their economy-
wide CO2 emissions to meet effective long term target climate change targets (as they must if the UK’s efforts
are to have any meaningful effect), then the same problem will arise on a European scale.
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1.1.2 The scale of the problem

Our analysis of projected UK aviation emissions relative to the Energy White Paper target shows that
UK aviation emissions in 2030 would equate to 92% of the UK’s 2050 domestic target, and 57% of a 2030
value consistent with the 2050 target. There is every reason to believe that the aviation emissions of other
European nations would also form substantial fractions of their emissions totals. While the Environmental
Audit Committee has used a marginally lower emissions uplift factor and has notionally accepted DfT’s
claim of a 15% improvement in fuel efficiency by 2015, to give somewhat lower values (66% and 45%
respectively), the result is debatable, as the emissions uplift factor used to account for the extra warming
effects of emissions at high altitude currently excludes cirrus effects, due to scientific uncertainty about the
extent of additional cirrus cover due to aviation. (On average, cirrus warms the Earth by trapping reflected
solar radiation.)

While it is theoretically possible that the UK would use about half of its effective carbon budget on one
economic sector in 2030, this seems unlikely.! If aviation were now brought into a European Emissions
Trading Scheme with a contracting upper cap consistent with a 2050 550ppmv-based target, air ticket prices
would rapidly rise as airlines passed on the cost of emissions credits, and aviation demand would fall back.
However, if we allow new runways and terminals to be constructed on the basis of demand projections that
ignore the climate implications, it will be politically difficult to prevent their use.

In terms of climate policy, there is no effective short or medium term substitute for including UK
international aviation emissions, voluntarily allocated on a 50:50 destination/origin split or similar, as part
of the UK’s energy White Paper target. While the International Civil Aviation Organisation (ICAO) is
investigating international emissions trading for aviation, it favours an open (multi-sector) international
system, which would take many years to agree and in the medium term would be unlikely to be consistent
with stringent climate change targets because of the required international consensus on the targets.
Domestically and internationally, we are at a critical stage in international climate policy. The UK cannot
reconcile a near-trebling of air passengers (by 2030) with any effective post-Kyoto climate policy.

1.2 Tyndall aviation research on a contraction and convergence climate regime

Drawn from the 22nd report of the Royal Commission on Environmental Pollution (RCEP), the 60%
COz reduction target of the Energy White paper is based on a contraction and convergence (C&C) approach
to climate policy. C&C has increasing international support and offers a basis for an inclusive and effective
post-Kyoto climate policy regime.

C&C entails selecting a target global atmospheric concentration of CO2 (RCEP assumed 550ppmv) and
a date by which this should be achieved (eg 2050). Emissions trajectories that meet these conditions are then
identified for all countries, in such a way that by the target date there is per capita equity in emissions.

Tyndall (North) researchers have assessed The Global Commons Institute model “CCOptions”, which
allows different emissions trajectories to be output as the date and target CO2 concentration are varied. They
have found the model a useful approximation of more complex global climate models.

The next stage is to relate the European implications of contraction and convergence, per nation, to
projected European aviation emissions. We expect this to confirm that a European Emissions Trading
System will not resolve the clash between the need to reduce CO2 emissions, and projected growth in
aviation.

1.3 Domestic Tradable Quotas

Domestic Tradable Quotas (DTQs) are a proposed “cap and trade” scheme for greenhouse gas emissions
from energy use under which emissions rights are allocated to energy end users: individuals, firms and other
organizations. A government implementing a DTQs scheme establishes the maximum quantity of
greenhouse gases that it can emit from energy use during any given year. This carbon budget is reduced year
on year in line with nationally and internationally agreed emissions reduction targets.

Each carbon budget is divided into carbon units, with, for example, 1 carbon unit representing 1 kg of
carbon dioxide. A proportion of these units is allocated, free and on an equal per capita basis, to all adult
individuals.? Under the original DTQs proposal carbon units were allocated to firms and other
organizations through a government-regulated auction. Whilst in our view, auction of rights is the
preferable method of allocation, allocation by grandfathering® would be necessary for the DTQs proposal
to be compatible with the EU emissions trading scheme.

! Tt will be even less plausible if the atmospheric concentration of carbon dioxide assumed to be safe by the Royal commission
on Environmental Pollution and hence DTI in the Energy White Paper (550 parts per million) turns out to be too high to
avoid dangerous climate change, which may be the case.

2 This would be equal to the proportion of total emissions from energy use resulting from citizens’ direct purchase of fuel and
electricity (in the UK around 40%) over a nominated period prior to the introduction of the scheme.

3 Where each emission permit is based on the levels of emissions prior to scheme inception.
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All fuels and electricity are assigned a carbon rating based on the quantity of greenhouse gases (measured
in carbon units) emitted by the combustion of a unit of each fuel and by the generation of a unit of electricity.
When citizens and organizations purchase fuel or electricity, they surrender the number of carbon units
corresponding to their purchase to the retailer. For accounting purposes, these units are passed up the
supply chain and on reaching the primary energy producer are surrendered back to government. There is a
national market in carbon units in which individuals and organisations with surplus units may offer them
for sale to those wishing to purchase additional units.

Central to the DTQ scheme is a computer database in which the carbon unit account for all citizens and
organisations is held, and in which all carbon unit transactions, be they issuing, surrendering, buying or
selling, are recorded. All transactions are conducted electronically. For example, a customer purchasing
petrol would simply have their “smart card” swiped by the petrol station attendant, thereby transferring the
relevant number of carbon units from their carbon unit account to that of the company owning the petrol
station. For those purchasers of fuel and electricity without carbon units to surrender at the point of sale—
for example, foreign visitors and individuals who have used all their units—the relevant number of carbon
units are simply purchased electronically on the national market by the fuel or electricity seller on behalf of
the purchaser. The purchaser then pays the seller for these units and surrenders them in the usual manner.

1.4 Technology policy

The UK’s renewables policies, are fundamentally inadequate to realise the very large investments required
in new, low Carbon energy technologies and energy efficiency programmes that are necessary to meet the
60% reduction target. There is no indication of a large scale adoption of distributed CHP, or of solar power,
or of energy efficiency measures. The wind energy programme is gaining pace, but is still not of a scale to
meet the UK’s intermediate goals of 10% reduction by 2010 and 20% by 2020.

It should be emphasised that in the area of energy demand and supply, together with energy efficiency
measures, the technologies required are already available. The policy problem is to persuade, and to provide
regulations and economic incentives to industry and households to take up these technologies on a mass
scale. The construction industry is a particular problem; 50% of GHGs come from buildings, but the UK
continues to build houses and offices that are of a low standard in terms of energy use and energy efficiency.

It is imperative that the UK government and other governments provide massive support for “clean”
energy technologies, without which GHG stabilisation at acceptable levels will be impossible. The
incorporation into new homes and other buildings of micro heat and power generation systems based on a
combination of solar, wind and other sources should be made mandatory. Market and regulatory/tax
mechanisms should be introduced to encourage individuals and businesses to take more responsibility for
energy efficiency. This will be more successful if it is based on “positive” incentives to reduce energy use (eg
tax reductions for efficiency) rather than negative, punitive policies that add additional tax burdens to
individual households and businesses. Grants should be available that cover the full installation costs of
domestic micro-power systems, rather than a proportion of the cost as is currently the case.

Motor vehicles are continuing to increase GHG emissions at a rapid rate. The growth in road transport far
exceeds the projected increases in efficiency for conventional petrol and diesel powered vehicles. Therefore,
stronger policies are required to encourage low-carbon power systems, such as petrol/battery hybrids or fuel
cell vehicles. Patterns of settlement, work, leisure and transport should be examined—the current growth
of private car use, for example, is unsustainable. Transport policies should reduce dependence on private
car use by improving public transport. Issues of transport associated with the distance between homes and
work places should also be examined. Could future planning reduce the distances people travel between
home and work by rethinking urban development?

Commercial, particularly food, distribution, is another area where emissions could be reduced. Many
foodstuffs are transported to distribution and food processing centres before being redistributed to point-
of-sale outlets closer to the original sources. Incentives for a more decentralised and efficient distribution
system that reduces “food miles” could reduce GHG emissions and possibly also traffic congestion. Greater
emphasis on local food production, compatible with current social trends towards the consumption of local,
often organic, produce, could improve efficiency of national food production systems.

1.5 Agriculture and land use

Agriculture is an important emitter of carbon. Exposure of soil organic matter through ploughing and
soil erosion causes mineralization of soil organic carbon (SOC). In fact it is thought to have contributed the
equivalent to about a third of the increase in the atmospheric C pool since 1850, making it a significant driver
of climate change.

It is thought that about 75% of this could be sequestered back through improved management practices
in agriculture. These practices could also improve soil structure, decreasing runoff and improve water
infiltration; this will both improve water availability and reduce the risk of flooding. Both are helpful
adaptation, as well as mitigation, strategies, both in the United Kingdom and elsewhere.
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Under the Kyoto Protocol, the significance of agriculture as a carbon sink is implicit in Article 3.4
(additional land use, land use change, and forestry activities). Moreover some trading of emissions credits
from agriculture has already begun outside the Kyoto framework, particularly in the United States. The
importance of agriculture as a carbon sink is widely recognised.

However, current agricultural and trade policy in the EU conspires to encourage emissions from
agriculture.

1.5.1 Subsidised agriculture and climate change

The UK has argued strongly for reform of the EU’s Common Agricultural Policy (CAP). But it needs to
redouble its efforts.

Producer subsidies can encourage unsustainable practices such as monocropping of cereals, which
increases runoff and erosion; it can also deplete organic matter, which compounds this by damaging the soil
structure. Over the last 20 years or so, agricultural soils in the European Union have lost organic matter at
a rate that has serious implications for productivity as well as climate change. In England and Wales, the
percentage of soils with less than 3.6% organic matter content rose from 35% to 42% between 1980 and 1995
(European Commission, 2000). This causes water to run off rather than pass through the soil to the crop’s
root zone, and further exacerbates flooding risk, both locally and on a broader scale. There is evidence of
such deteriorating soil structure in Britain (DEFRA, 2002).

1.5.2 Flooding and erosion

In the South Downs, there were 60 incidents of flooding of property caused by runoff from agricultural
land between 1976 and 1993. There may be insufficient appreciation of the link between such runoff and the
major flooding in South-East England in 2000 (ibid). Retention and sequestration of carbon in agriculture
is therefore highly synergistic with other environmental goals including flood protection, pollution control
(from agricultural chemicals) and agricultural productivity. Reform of the Common Agricultural Policy
(CAP) is an important first step towards realising this potential.

Meanwhile, similar erosion is taking place in Southern Europe for the opposite reason—because farmers
are trying to take advantage of subsidies by packing as many olive trees onto their land as possible—as much
as 80 million MT of soil are lost from olive groves in Andalusia alone (Pohl, 2001). EU policy is therefore
causing soil erosion in both member states and developing countries.

When soil is eroded by wind or water, the organic matter in it—which is largely composed of organic
carbon—is exposed to the air and mineralises. The organic carbon is thus converted to COz. The annual
increase in the atmospheric carbon pool is about 3.3 Pg C a year (IPCC, 2001). So soil erosion may be
responsible for about a third of the GHGs emitted.*

1.5.3 How can the UK help?

The UK can press for removal of all subsidies that have perverse outcomes, not just export subsidies. But
second, it can advocate a change in emphasis from producer subsidies to payment for environmental
services, such as offering farmers a viable price for a carbon “crop”. Farmers in Britain would be well-placed
to sequester carbon, as the levels of soil organic matter are potentially higher in less arid environments.

The CAP should be reformed by diverting agricultural subsidies from production support to payment for
environmental services. Britain should lead the way in this, through:

— Appropriate modification and administration of set-aside.
— Advocating the switching of resources from producer support to better management practices.

— Building a framework through which farmers can certify and perhaps trade emissions credits
earned from sustainable management practices.

— Through better management practices (BMPs) on land that remains in production, to increase soil
organic matter and thus carbon, and improve soil structure (reducing runoff and therefore
erodibility and flood risk).

The former could include tying set-aside specifically to carbon sequestration. This would prevent farmers
from moving set-aside around their farms, enabling reversion to grassland or woody encroachment—both
important sequestration processes. Given that carbon is likely to have a growing cash value as countries
work to meet their Kyoto commitments, there may even be net gains from using set-aside payments for
this purpose.

4 Of course not all soil erosion is anthropogenic—that is, the result of human activity. On the other hand, the estimates given
here assume that only about 20% of the organic matter translocated by soil erosion is mineralised; another estimate puts it
at around 70% (Lal, 2003; Jacinthe and Lal, 2001). The extent to which anthropogenic soil erosion contributes to climate
change is hard to quantify, but it is reasonable to assume that it has a significant impact.
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BMPs could also include biofuels production. It has recently been argued that if 10% of Europe’s
agricultural land were managed for biofuels in combination with woodland regeneration, the reduction in
emissions would equal the EU’s entire Kyoto commitment (Pretty et al, 2003). Biofuels should be
approached with caution; their economics of biofuels are contested (Gielen et al, 2002), and it is not yet clear
how much energy they could really provide. There could also be perverse effects (see for example the
UKPIA’s evidence to the Committee, 31 March 2003—although this is scarcely neutral; see also sections
14-44 of the Committee’s 17th Report, 29 October 2003). Displacement of food production could also have
unpredictable effects. But there is potential.

2. THE ROLE THAT THE GOVERNMENT WILL PLAY IN 2005 As CHAIR OF THE G8 AND AS PRESIDENT OF THE
EUrROPEAN COUNCIL IN DRIVING FORWARD THE KYOTO AND POST-KYOTO AGENDAS

Formal negotiations will start on a second commitment period at the SBSSTA (Subsidiary Body for
Technical, Technological and Scientific Advice), a subsidiary body of the IPCC (Intergovernmental Panel
on Climate Change) in 2005. We believe that Tony Blair and the UK Government have an historic
opportunity to provide global leadership on these key issues, and present both Russia and the USA with
the undisputable case for ratification of the Kyoto Protocol and establish the path towards a post Kyoto
framework.

The priority should be to ensure that the UK plays a constructive role in the negotiations and that
crucially, it injects creative and far-sighted suggestions for an architecture that would genuinely address the
concerns of developing countries, and as far as possible the concerns of the US and others who have not
yet ratified.

It is also important at this time to take bold action on the adoption of a target for stabilisation (the
ultimate objective of the convention)—the UK has an adopted target of a 2°C temperature rise. The UK
should adopt this target (or a similar concentration-based target of 450-550 ppm) and make it clear that
this is what the international climate regime should be trying to achieve.

Recently there have been signs of a debate within Europe over the burden of economic costs of meeting
emission reduction commitments. Here the committee should be aware of the following:

A key intellectual debate in the academic community is the question of just how much emissions
reductions will cost, and whether current economic and Integrated Assessment Models’ predict excessively
high estimates of the long-term costs of GHG mitigation. Recent advances in the field of technology
modelling and technology policy suggest that when models attempt to fully incorporate eg the fact that a
new low-carbon energy technology may become much cheaper as its uptake increases, the predicted costs
of mitigation can decrease drastically. Hence, this active area of academic research should be properly
incorporated into the political discourse on what is possible both within Europe and in a second
commitment period.

We believe that there were too many compromises made to the EU Renewables Directive for member
state interest (Eg UK’s non binding target of 10% by 2010). The UK should ensure that frameworks are
established to allow renewables targets to be compatible with climate policy. We need to examine what mix
of renewable energy and technological innovation is needed to reach emission reductions post 2010 under
various policy scenarios. The Tyndall centre is actively researching in this area.

Various attempts are being made to engage with eg Russia on diplomatic and scientific levels over the issue
of climate change. Areas where efforts can be maintained include to: to encourage constructive engagement
between UK and EU scientists and scientists from countries who have not yet ratified; for the UK to send
out a very strong signal that it will meet its commitments under the protocol whether it actually enters into
force or not. In terms of the US, the UK’s current approach of building bridges where possible is
appropriate.

There are many proposals on the table but it seems likely that the way forward must be through
differentiated categories of commitments, where eg: (most) developed countries signed up to quantitative
emission reduction targets; a second group of countries sign up to carbon-intensity based targets; and a third
group of countries (mainly the official Least Developed Countries) don’t make any emission reduction
commitment but have adequate access to compensation funds (for adaptation to the negative impacts of
climate change for example).

Serious pressure, including trade sanctions, should be put on countries that refuse to ratify the Kyoto
protocol and future agreements to limit GHG emissions until they do so. The UK needs to play a role in
finding a way forward on a workable architecture. This might be a leadership role or it might also be to play

> For more information on Tyndall’s IAM, see: http://www.tyndall.ac.uk/research/themel/summary__itl__31.shtml
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a constructive role in supporting an emerging developing country-led proposal, as in the case of the
UKOverseas Territories (UKOT’s). These are small low-lying island states, particularly at risk from the
impacts of climate change. The UKOT’s have fallen through the gap (FCO-DFID-CPACC) in terms of
preparedness for climate change. Also they do not receive any of the adaptation funds available to other
countries as they are UK territories.

CPACCS? does not extend to the UKOT’s and FCO-DFID have not organised between themselves who
is responsible to pay for the extension of the CPACC lessons to the OT’s. The territories would like to extend
the convention to their islands, but are unsure about their obligations to mitigate if it is extended.

The UK might also learn from the experience of allocating commitments within the EU—there is in effect
a North-South divide within Europe, and the agreed allocation of GHG emission reduction commitments
cannot be separated from the massive amounts of finance that has been put into eg the Cohesion Funds (for
Spain, Portugal, Greece and Ireland).

2.1 Adaptation: high impact policy

The types of adaptations that will enable the UK and other countries to confront climate change will vary
considerably across geographic regions, economic activities and population groups. This “context
specificity” means that adaptation is more likely to be successful if strategies are developed at the local level.
The role of central government should therefore be to encourage meaningful, inclusive, devolved decision-
making, and provide what support it can for local initiatives.

Adaptation and mitigation are intimately linked—the less emphasis is placed on mitigation, the more
difficult adaptation will be. Adaptation may be impossible in the face of rapid and large-magnitude climate
change associated with rapid increases in atmospheric GHG emissions.

Policies should recognise that adaptation is often reactive and somewhat ad hoc in nature—it is much
easier to ensure mitigation through policy than to guarantee adaptation; mitigation is ultimately a technical
issue (issues such as market penetration notwithstanding), whereas adaptation is much more of a
behavioural one. Adaptation can be pursued through vulnerability reduction based on the mapping of
climate hazards and social vulnerability to identify “hotspots” of high climate risk. Assessments of climate
hazard based for example on a combination of future climate projections and assessments of local
geographical factors (topography, geomorphology etc) could be incorporated into the planning process,
identifying potentially high risk areas where industry, infrastructure and settlements might be particular
exposed to the physical manifestations of future climate change (eg flooding, high winds, drought-induced
subsidence etc).

30 September 2004

Witnesses: Ms Sarah Wynne, Tyndall Centre HQ, University of East Anglia, Dr Alice Bows, Tyndall Centre
North, University of Manchester, and Dr Kevin Anderson, Tyndall Centre North, University of Manchester,
Tyndall Centre for Climate Change Research, examined.

Q43 Chairman: Can I welcome representatives from
the Tyndall Centre for Climate Change Research,
Ms Sarah Wynne, you come from the University of
East Anglia?

Ms Wynne: Yes.

Q44 Chairman: Do you have an official title or just a
person from the University of East Anglia?

Ms Wynne: 1 am actually not a doctor. I have not
found a way to finalise my PhD yet, so I am just a
research associate.

Q45 Chairman: Excellent. You are very welcome. 1
hope, Dr Alice Bows, you are alright to be called
Doctor?

Dr Bows: Yes.

Chairman: You are from the Tyndall Centre North
in the University of Manchester, and you are joined
by your colleague, Dr Kevin Anderson, who is also
from the Tyndall Centre North in the University of
Manchester. You are all very welcome. I would like
to invite Austin Mitchell to start our questioning.

Q46 Mr Mitchell: I was interested in the argument
about the enhanced effects of aviation because of
radiative forcing. What is the science behind the
contribution of aviation to climate change, or your
assessment of it?

Dr Bows: Basically aviation, because of its nature, it
gives out its emissions at altitude; so as well as
omitting carbon dioxide, which has an effect on the
climate, it emits water vapour, soot and nitrous
oxides, sulphur oxides and all sorts of things up in
the atmosphere. The atmosphere has certain
conditions. Sometimes you see contrails forming
behind planes—the white lines you see behind the
planes—and they are caused by soot or water
vapour, and these are actually very high up in the
atmosphere and they cause a warming. The evidence
also shows that these can lead to the formation of
cirrus clouds, which also cause warming. Different
types of cloud cause different types of warming or
cooling, and clouds that are very high up cause
warming. The issue is that as well as what is called
radiative forcing from carbon dioxide you get

¢ http://www.cpacc.org/ Caribbean Planning for Adaptation to Climate Change
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additional radiative forcing from cirrus clouds and
contrails up in the atmosphere, and overall that
means that aviation has a contribution that is
between two and four times that of carbon dioxide
alone.

Q47 Mr Mitchell: The effect of carbon emissions is
heightened in aviation?

Dr Bows: Yes, that is right. It is not the effect of the
carbon emissions that is heightened; it is the
additional effects that are much more significant for
aviation than for any other industry because of
where they are emitted, basically.

Q48 Mr Mitchell: Given that and the projection that
aviation from the UK is going double the carbon
dioxide emissions from UK flights by 2030, are our
climate change goals attainable?

Dr Bows: They do not appear to be particularly
attainable with that sort of level of growth. You
would have to curb growth in some way. Some work
that we are doing at the moment indicates that we
might need, as David King was saying, a higher
target for emissions cuts by 2050. If you continue
with aviation growth at current levels, it might be
that aviation will have used up pretty much the
whole limit of carbon emissions by that sort of time.

Q49 Mr Mitchell: What is the potential for saving on
both sets of effects? Is it possible to get more fuel-
efficient planes or planes that do not produce the
contrail effect, or will there be a decline in aviation
because the fuel price goes up and all the EasyJets go
out of business because nobody can afford to fly
any more?

Dr Bows: There are two issues: looking at the
carbon dioxide and then looking at the contrails.
Contrails could be avoided, for example, by flying
planes at different altitudes. Also, on some days
you will not get contrails at all—it does not matter
what altitude the plane is flying at—just because of
the atmospheric conditions. It would require a new
air-traffic management system, I imagine, to direct
planes either in different altitudes or away from
different parts of the atmosphere, but that is
something that is feasible. Also the thing about
contrails is that they only last for hours, and cirrus
clouds might only last for a day or so, if that (so
these are things that could be taken away pretty
quickly), but the issue of carbon dioxide is much
more serious in the sense that it last for 100 years.
At the moment the current efficiency gains that you
might get from technology (improving engines,
etcetera) and also from the management of aircraft
(for example, stopping them circling so much and
making more direct routes and that kind of thing)
the IPCC estimate could reduce carbon emission
about 1% per year, but if you are increasing at 3%
or 4%, which is what it seems to be—all the
indications show that is what the current growth
levels are going to be increasing it by—then you are
still increasing the carbon emissions by a large
amount every year. The third thing that you could
do is fill the planes up more (the load factor, the
amount of people on the aircraft). If the planes are

full and there are less flights than before because
there are more people on the planes, obviously that
will have an effect on the carbon emissions.

Q50 Chairman: Have you tested any of this out in
reality? Have you actually done any analysis to
find out the number of spare places flying about?
Have you reviewed any of your operational
hypotheses with, for example, the Civil Aviation
Authority to see if they are realistic or—turn it
round the other way—what are the barriers to
progress? You have put some very interesting
suggestions to the Committee, but I notice in your
written evidence there is no discussion, and I
appreciate that you are constrained by what you
can write, but as to what is, if you like, the
difference between the feasible and the theoretical.
The other thing I notice is that your centre brings
together, amongst other people, scientists and
economists but in your evidence to date, and,
indeed, in paragraph 1.1, there is no economic
analysis to discuss the elasticities involved in the
fiscal measures of which the Chief Scientist spoke
earlier; in other words, what kinds of things are
going to turn people off flying?

Q51 Mr Mitchell: Besides all the spare seats are filled
by airline staff on cheapies!

Dr Bows: One thing is involving aviation in the
Emissions Trading Scheme, because at the moment
they are pushing heavily for international aviation to
be included. That is likely to have some sort of effect
on price, I imagine.

Q52 Chairman: How is it? I am sorry to interrupt
you. We are trying to get at the facts. You said that
ought to have some kind of effect. Part of the work
of a centre like this is to find out what that effect
would be. Have you actually done any economic
modelling? If we make a recommendation in our
report about this area, it is nice to draw on some
information that is available. Have you actually
got any?

Dr Anderson: No, we have not any modelling. You
would have to use one of the Cambridge or the
Oxford economic models to give that sort of
analysis.

Q53 Chairman: Does that kind of information exist?
Dr  Anderson: 1 think there has been some
provisional work in aviation in looking at elasticities
of demand, but one of the problems recently, of
course, has been the rocketing of low-cost airlines.
We have not a lot of historical data as to the
implications or the repercussions of modifying that
price threshold for that type of aviation and aviation
which, of course, is far more susceptible to fuel prices
than the traditional scheduled airlines because they
pare down all those costs. That is an analysis that
needs to be done, but I think also we have to bear in
mind that trying to forecast economics for the
medium to long term is going to be a difficult thing
indeed, and you do it as a sort of ceteris paribus, or
are you aware that the rest of the industry is
changing as well? The economics will be changing
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across the board in relation to carbon. We could try
to do these heroic economic models, but I think we
would be pulling the wool over our own eyes to
believe that is what is necessarily going to happen.

Chairman: In policy terms you have got to have
some analysis to inform you about what is, if you
like, the model that is most likely to have the best
effect; otherwise you can pluck ideas out of the sky
but it may not be realistic. Anyway, Paddy Tipping.

Q54 Paddy Tipping: You are pretty pessimistic
about renewables in your written evidence. You said
they are “fundamentally inadequate to realise the
very large investments required in new, low carbon
energy technologies and energy efficiency
programmes that are necessary to meet the 60%
reduction target”, and then you say, “but there are
technologies that would enable us to meet these
targets.” Can you tell us a bit about the
technologies?

Ms Wynne: Sure. I think the point to stress is that
there are a large number of technologies that are
available, they are viable from an engineering point
of view, they are there and they work. However, if we
are talking about electricity generation, I think
photo-voltaic, biomass, tidal and wave energy and
also wind are probably the four most interesting
ones. The sorts of barriers that they are up against
are twofold. There are institutional constraints,
things like wind and people not wanting a wind
turbine in their back yard, and land use problems.
There is also, of course, the problem of cost, and
some of these technologies are simply more
expensive than their traditional fossil-fuel
alternatives. The problem that we are up against
now is how to make these technologies compatible,
because they are there and they are ready for use, but
as they are now they are at the bottom of the S curve,
and they have a few niche applications—

Q55 Chairman: You used a term there, the bottom of
the S curve. S is like that. Tell me about the S curve?
Ms Wynne: If you had a letter S and you stretched
it out, and if you think about the development of a
technology: if on your horizontal axis there was time
in years and on the vertical axis there is—we will
keep it easy—say, the percentage of demand that is
met by a particular technology as time progresses.
The development of a technology is not a linear
occurrence, it is not sort of, “If I invest X dollars or
X pounds in technology I will have X return.”
Initially you may not get much happening; you will
be quite low as far as the percentage of demand that
is being met by the technology. However, if you
invest a significant amount of money, eventually you
will get a big return and it will be bumped to the top
of this S curve, it will be fully developed and there
will be many market applications and things like
that. So the problem is getting a technology from the
early development stages to a wider market
application. What usually needs to happen there is
for some sort of policy or innovation incentive to
bump that technology forward, as it were.

Q56 Paddy Tipping: Would you explain this a bit
more for me? We have got wind technology at the
moment—that is the renewable that is most in use.
There are constraints, because people do not like
them, but it is also very expensive; but there are other
technologies that are coming on board that if we put
the money into could give us some pay-back, get us
to the top of the S curve. Which ones are they?
Where should we be focused?

Ms Wynne: Which technologies?

Q57 Paddy Tipping: Yes?

Ms Wynne: As far as the UK is concerned there is
great potential for wave and tidal technologies. I am
coming at this from a mathematical background; I
am not an engineer. If you want much more detailed
information about the technologies I can find out for
you. I think wave and tidal has enormous potential,
but the problem is it is in the very early development
stages right now, barely out of lab conditions, so that
is a good one for potential. Off-shore wind, there is
also a good deal of technical potential for the UK.
Biomass has applications in both transport and
electricity generation. I think those are the ones to
initially focus on, but I want to make the point again
that we do not necessarily want to invest money in
one or two winning technologies, but to keep the
market open for this potential, for innovation and
let the market choose what the best path is to take,
because sometimes we get in trouble if we pick, say,
“This is the one”, and put all our money there.

Q58 Paddy Tipping: Again in your evidence you
made a point which David King made which was
that 50% of emissions are coming from the built
environment. Clearly from these statements, I
suspect you think this is a scenario where we ought
to make some progress. How do we make that
progress?

Ms Wynne: 1 will pass that to my colleagues, because
they are doing some interesting work with the 40%
options.

Dr Anderson: Technically there are many options. I
do not think we have to be looking for considerable
innovation there. We have been aware of these
technological options for many years. It is how we
implement those options. I do not mean to make
what might be seen as a trite comment, but we are
here in a very modern building, sat beneath halogen
bulbs, which are very inefficient. I notice in the toilet
here there were no movement sensors. So that is
costing the tax-payer £100 a year just to keep the
eight 40 watt light bulbs in your toilets behind here.
This is a modern building. We are here discussing
energy efficiency and the technologies which are
really very poor, and that leads us straightaway to
point towards: how to do we bring these things
about? Clearly it is not being brought about by
voluntary agreements, and, for all the good will in
the world, we are not moving towards the 60% target
let alone the 75% target that perhaps we may need.

Q359 Chairman: You have just got yourself a job. We
will send you off round the building.
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Dr Anderson: You can try the older part in the
House of Commons. There is a lot more to do there.
Clearly there are many things that need to be done.
We require policies with teeth. I noticed earlier
Austin Mitchell used the word “hurt”. “When will
these policies hurt?” The hurt is a matter of choice:
we hurt one way or we hurt another. I do not think
it is a matter that we chose policies that hurt.

Q60 Mr Mitchell: One man’s hurt is another man’s
grief.

Dr Anderson: Certainly; yes. Certainly the policies
we need will have to have some teeth and certainly
some people will have to change their behaviour. By
definition that is going to have to happen. We will
have to change our behaviour both in terms of how
we utilise energy, both as industry and as domestic
consumers, and, furthermore, how we use the
technologies, and what technologies we are prepared
to purchase and whether there is a premium on those
technologies. Of course the premium is only what we
pay for the price of the technology; it could well be
that has lots of other savings further down the line.
Again, in terms of costs, we often have to turn these
things on their head and perhaps stand back a bit
from where we normally look. You referred earlier
to the high costs of some of the renewables. Perhaps
they are high costs, but what do we compare them
with? Do we compare them with fossil fuels? What
are the costs of security for fossil fuels? We are all
aware of one or two incidents that we are involved
in at the moment in maintaining fossil-fuel security.
These are high costs that some of the renewables
would not by definition have. The gas-lights in
Siberia, I would guess, will have very high security
costs, probably far higher than maintaining off-
shore wind-turbines or a biomass that has
indigenously grown. We need to really stand back
and look at the costs, not the environmental costs,
but some of the real security costs, in a more
holistic sense.

Q61 Mr Mitchell: You were talking about
improving the building, this particular building.
There is no real cost in that. There is no hurt there.
It is just better design, is it not?

Dr Anderson: Better policies. The design is there, we
just need the policies that say you cannot sell or
purchase these types of light-bulbs. Why are B&Q
selling more of these? It is because everyone is fitting
them in their kitchens and using far more energy
than they were before. Fit 10 of these and take out
one of the old incandescent light-bulbs. This is a
regressive step, not a positive step. We clearly need
policies that require people, and I would not say by
force, so that in five years you phase out the sales of
this type of light-bulb, in five years you phase out
incandescent light-bulbs, in 10 years you have a fuel
economy constraint on your cars. Even in California
now—and Gray Davis was going to do it before—
Arnold Swartzenegger is thinking of carrying on and
having a minimum fuel economy for his cars. I think
it is about 21 miles to the gallon, so I would not
recommend it, but it is an example.

Q62 Mr Mitchell: There has been some discussion
today about carbon sequestration. Has that got
potential? Can it be made to work?

Dr Anderson: 1t can certainly be made to work. If we
cannot be bothered, as I think we are probably
unlikely to be, to respond to the cheap and easy
demand solutions that are available to us, we will
have to look for other options, high-tech, high-cost,
high-impact options like carbon sequestration.
Most of the supply options are always like that.
Certainly the technology is there for sequestration,
for carbon capture and storage. We are already
doing it. In Norway they have been doing it since
1997 at, I think, about a million tons per annum.

Q63 Mr Mitchell: Would you explain what they are
doing in Norway?

Dr Anderson: In Norway it is a particularly unusual
example, in the sense that there is a tax on the carbon
dioxide emissions from off-shore oil platforms and it
was cheaper for one of their platforms to take the
carbon dioxide that was coming up with the gas and
inject it back down the reservoir. The scope for
carbon capture and storage is quite significant in the
UK, and worldwide it is certainly significant.
Technically there are some problems that need to be
overcome, but they are not ones that we will not be
able to deal with. In terms of efficiency, it is going to
add a considerable reduction to the efficiency of the
system, probably a 10 to 15% reduction in efficiency.
If you bear in mind what David King said in terms
of 60% of the energy goes up the chimney anyway,
you only get 40% useful out, you lose 8% in
transmission, you lose 15% in carbon capture and
storage and then you start to think that James Watt
was not quite so bad, and his steam engine had about
3 or 4% efficiency. We are 100 or so years on and we
have not improved our net efficiency much more.

Q64 Mr Mitchell: Is your message to us to do the
simple things, the easy things first?

Dr Anderson: Without a doubt we should be going
for the demand options. They are not sexy, they are
not big, you cannot wander round them and go and
visit the engineers that are doing them in the same
way that you can with small domestic or household
light-bulb appliances, but, in my view, that is where
the real solutions lie; it is certainly where the low
hanging fruit is. There is no reason why we cannot be
moving in that direction now whilst we look towards
some of these more far-sighted options, some of the
renewables, carbon capture and storage, for
example?

Q65 Chairman: Can I follow on that line of inquiry.
Some time ago Sheffield Hallum University
produced a chart, a graph, which attempted to show
where the public got the best value for money for the
use of the tax-payers’ pound; and I think in CO»
savings, if my memory serves me correctly, loft
insulation came out as number one best buy. It has
also been said that in comparison with other energy
saving techniques, renewable energy is bad value for
money in terms of the amount of public pounds
going into things like wind energy. Do you know of



Ev 22 Environment, Food and Rural Affairs Committee: Evidence

8 December 2004 Ms Sarah Wynne, Dr Alice Bows and Dr Kevin Anderson

any work that enables you to make a rational
comparison as to where public investment should go
to achieve the best effect and the best value in terms
of COz and other gas emissions, reductions thereof?
Dr Anderson: There are a number of attempts
already at doing that. I do not have them with me
here, but I can get those to you without any
difficulty. In fact the Government has done a
number of these itself, I believe.

Q66 Chairman: It would be very helpful to us
because, if you like, you have put a menu before us,
but in public policy terms you have to make some
choices, and it would be nice to know whether we are
making the best use of our investment in that area at
the present time. In your evidence you have
discussed the concept of domestic tradable quotas.
Do I gather from that that we would all be allocated
our own carbon quota, a bit like having a ration-
book walking around and we could spend so much
in the way of our own little quota and then we would
have to go and buy it from a person like Mr
Simpson, who is incredibly energy efficient in
everything he does? Is that how it works?

Dr Anderson: Put very simply, that certainly is the
case. My colleague and myself have been working on
this for several years, and about a year or so ago we
were still considered to be complete mavericks in the
energy policy field, but now this is an option that is
being seriously considered. It is as you have broadly
explained. You would look at the carbon emissions
budget for the UK, which we have in relation to the
targets which the government has set, you look at
those targets, you divide those annually and then
you split that amongst the adults in society, to use
the poll tax rhetoric, the Duke and the dustman get
the same allocation. Alan Simpson, I am pleased to
hear, a more frugal user of energy, will no doubt
have surplus units that he can sell to the more
profligate members around this table, including
ourselves here. So there would be a market that
would help us incentivise more efficient behaviour.
Furthermore, if you look at the Energy White Paper,
roughly 10% of households are in a position of fuel
poverty and a smaller number in what is called
vulnerable fuel poverty, and it would certainly aid
those people in fuel poverty as well because they
would by definition be lower users.

Chairman: I do not want us to spend the rest of our
limited time discussing it, but I can see, given the
enormous range of variables in that equation, an
administrative nightmare. What you have described
is the energy equivalent of the social security system.

Q67 Mr Mitchell: It assumes that all households
have equal energy efficiency.

Dr Anderson: No, it does not.

Q68 Mr Mitchell: If you happen to be living in an
older house, rather than the house Alan is building
in Nottingham, we will need a lot more?

Dr Anderson: That may well be the case. Again that
incentivises the move to more modern houses, but
you have to bear in mind that you would allocate out
initially. You would not have a 60% reduction on
day one. You are only talking about a 11%
reduction, in emissions per annum to reach the 60%
target if it is a growing economy. When you look at
that, about 60% of the population would be better
off in year one; their allocation would exceed their
current emissions. I think the very important
comparison to make is not with the norm but is with
what is the alternative? We all saw what happened
with the fuel protest. There was a 2p rise in Brent
crude, which was put down to be a tax in the end,
and the country ground to a halt. That was, I would
guess, an administrative nightmare. Is the idea of
everyone having a little swipe card—it could be Mr
Blunkett’s ID card with a carbon bit superimposed
on it—any more complex than trying to deal with
the complex iterations and the rebate scheme you
would require for fuel poverty people than trying to
reduce emissions by 60% using a carbon tax?
Chairman: I will put that down as stimulating
thinking. I have just had a message on my electronic
pager that tells me that in a few moments we may all
have to disappear to vote. Therefore, I do not want
our final set of witness, the Biosciences Federation,
to escape without a little questioning. I am sorry to
bring matters to a slightly premature halt. There is
one question about biofuels that I would like to write
to you about, because we would like to explore that.
Can we thank you for your excellent and very
interesting written evidence and stimulating replies.

Q69 Alan Simpson: Can I ask, if they are writing to
us, whether they can give some thought to whether
there is a compelling case for changing energy
markets so that we sell less consumption or non-
consumption rather than increased consumption? It
is particularly important, given the discussions
about the rural areas and whether the extension of
the gas network and the huge capital cost makes any
sense at all if the industry were required to deliver
non-consumption or renewable consumption?

Dr Anderson: You may know that Edison did that
100 or so years ago with light. He never sold
electricity, he sold light. He actually did that service
provision 100 or so years ago.

Alan Simpson: I would like to hear a bit more
about it.

Chairman: Bring on Edison. Thank you very much
indeed for coming to see us.
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Memorandum submitted by the Biosciences Federation (U28)

The following organisations from within the Biosciences Federation have contributed specific (or
specialist) advice in the course of this response:

British Ecological Society
British Society of Soil Science

Institute of Biology

INTRODUCTION

1. The Biosciences Federation was founded in 2002 in order to create a single authority within the life
sciences that decision-makers are able to consult for opinion and information to assist the formulation of
public policy. It brings together the strengths of 33 member organisations, including the Institute of Biology,
which represents 45 additional affiliated societies (see Appendix [not printed]). The organisations that have
already joined the Biosciences Federation represent a cumulative membership of some 60,000 bioscientists
and cover the whole spectrum from physiology and neuroscience, biochemistry and microbiology to ecology
and agriculture. The Biosciences Federation is a registered charity (No 1103894).

SUMMARY OF RESPONSE

2. This response’s principal points include:

(1) The single biggest achievement that the UK Government could achieve as Chair of G8 and
President of the European Council in 2005 is to facilitate an agreement for tackling climate change
between all the major industrial nations (paragraph 4).

(i) UK policies have yet to make a significant impact on UK carbon emissions. The forthcoming
review of the Climate Change Programme should assess current policies and ensure co-ordination
between different policy areas, including activities in the devolved administrations (paragraphs
5-7).

(iii)) The Programme should also consider more deeply UK policies for coping and adapting to
impending changes in climate, particularly with regards to impacts on biodiversity and ecosystems
(paragraphs 8-10).

(iv) Effective communication and dialogue with the public on climate change is the only way the
Government will obtain ‘buy in’ from the nation to help tackle the issue. The Government should
raise awareness of ways in which everyone can increase energy efficiency and provide incentives to
do so (paragraph 11, 19).

(v) A more holistic programme to increase the use of renewable energy sources is required in the UK,
including more co-ordinated R&D and greater financial support from the Government
(paragraphs 12-16).

(vi) The potential for biological sources, such as ethanol and biodiesel, to help meet the demand for
transport fuels is currently a glaring omission from the Programme (paragraph 17).

(vii) The issues surrounding nuclear power need to be tackled head-on and we would strongly advocate
a review of the nuclear option as part of the autumn review of the Programme (paragraph 18).

(viii) Policies relating to emissions and carbon sequestration in agriculture and land use should be
updated in the light of new research and evidence. The potential of soil as a carbon sink is currently
undervalued and needs further research (paragraphs 20-23).

(ix) Increasing recycling rates should be considered as a priority in the Programme (paragraph 24).

GENERAL

3. The Biosciences Federation welcomes the Committee’s inquiry into the policies of the UK
Government to address the challenge of climate change. We agree with the Prime Minister that climate
change is “the world’s greatest environmental challenge”. The UK Climate Change Programme, published
in 2001, is a firm public commitment to reducing greenhouse gas emissions and adapting to future changes
in climate, and sets an example within the international community. The Government’s review of the
Programme this autumn will be a timely and important assessment of the success of the Programme so far.

G8 AND THE EUROPEAN COUNCIL

4. The single biggest achievement that the UK Government could achieve as Chair of G8 and President
of the European Council in 2005 is to facilitate an agreement for tackling climate change between all the
major industrial nations, including relevant developing countries and the USA. The USA, which is
responsible for over a third of the world’s COz emissions, pulled out of the Kyoto Protocol in March 2001
on the grounds that it does not take into account emissions from developing countries that it states will soon
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match their own emissions. But, the Programme itself admits that developing countries will not take on
legally binding targets until developed countries (ie the USA) have demonstrated that they are taking serious
action to cut their emissions. All efforts to cope with problems associated with global warming, including
the UK Climate Change Programme, are undermined by a lack of international consensus.

CLIMATE CHANGE PROGRAMME REVIEW

Impact

5. The forthcoming review of the UK Climate Change Programme should firstly evaluate whether
current policies are having a significant impact on UK carbon emissions. The Commons Environmental
Audit Committee recently reported: “The policy instruments the Government has put in place have yet to
make a significant impact on the UK carbon emissions trajectory. The Government’s latest forecasts
indicate that carbon emissions will fall only to around 140 MtC by 2010—some 8 MtC more than the target.
This carbon gap could be much greater if the policy instruments in place and planned fail to deliver the
reductions envisaged.”’

6. The Programme review should consider the mechanisms required to ensure co-ordination between
policies. Reducing greenhouse gas emissions in one sector by increasing them in another (or elsewhere in
the world) is not a net gain.

7. In the UK, many activities producing greenhouse gas emissions are the responsibility of the devolved
administrations. The Scottish Climate Change Programme was published alongside the UK one and will
also be reviewed this autumn. The devolved administrations should work in partnership with the UK
Government to tackle climate change since they retain responsibility for policy levers such as taxation. The
comments in this response therefore also apply to the climate change strategies of the devolved
administrations.

Adaptation

8. On a world scale, emissions are likely to be dominated by activities in other countries over which the
UK has little control. The Programme should consider more deeply UK policies for coping and adapting
to the changes in climate that will inevitably happen in the coming decades as a consequence. We note,
however, the extreme difficulties in predicting climate change. Trends of hotter summers, wetter winters,
increasingly frequent extreme weather conditions and climate-induced rises in sea level have been forecasted.
Alternatively, research is indicating that changes to the ocean currents could cause Europe to freeze. Such
changes will have significant impacts on water use demands, flooding frequency, agriculture, forestry,
wildlife, health, buildings and the economy. The effect of population increases should also be considered:
the more people there are in the UK, Europe, or on the planet, the more energy will be needed. The
Programme states: “The Government and the devolved administrations have already started to respond to
the threat of climate change, building adaptation into many of their policies.” In reviewing the Programme,
Section 3 “Adapting to the Impacts of Climate Change in the UK” should be updated with progress in this
area and expanded with further measures to predict, cope with and prepare for the consequences of
climate change.

9. Of particular concern, there is likely to be a substantial impact on biodiversity with large changes in
the structure of natural biological communities. Large numbers of animals and plants (eg coral reefs, polar
bears, invertebrates and migratory birds, eg the Scottish crossbill and mountain ringlet) will be unable to
cope with the speed of climate change. There is a need to monitor biodiversity and to attempt some
remediation, for example, by creating new areas of marsh to help control flooding. The biodiversity research
agenda needs to be holistic, considering the entire ecosystem, its biodiversity, processes and services.
Research should involve biologists, meteorologists, physical geographers, quaternary geologists and remote
sensing and computer modelling experts in order to attempt to understand the affects of climate change on
biodiversity, and should also consider the dual effects of other global change phenomena, such as nitrogen
deposition and land use change. We should conserve biodiversity because: it is integral to the efficient
functioning of Earth’s ecosystem and regulates natural processes that protect our planet; it provides the raw
material of food, clothing and medicines; it enhances our quality of life by adding variety to our
surroundings; it helps shape our culture and inspires our poets, painters, writers and composers; and it is a
heritage we should not deny to the next generation.?

10. The proposed Integrated Agency for real land management, which will bring together English
Nature, the Rural Development Service and some responsibilities of the Countryside Agency, should have
responsibility for assessing and managing adaptation to climatic change. It is unlikely that the current
system of site-based conservation will be sufficient to meet national, EU and international conservation
targets under known climate scenarios. It is, therefore, important that the new Integrated Agency takes

7 The Environmental Audit Committee Tenth Report of Session 2003-04. Budget 2004 and Energy. August 2004. Available at:
http://www.publications.parliament.uk/pa/cm200304/cmselect/cmenvaud/490/49002.htm

8 NI Environment and Heritage Service. See: http://www.ehsni.gov.uk/natural/biodiversity/whybio.shtml
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landscape-scale action for biodiversity conservation. Furthermore, the Integrated Agency needs to have a
strong science base to understand changes to terrestrial, freshwater and marine environments due to
climate change.

Communication

11. The Programme aims to “help people to understand why we need to tackle climate change”. This is
vital for the success of the Programme and more effort in this area is required. Awareness of the
consequences of climate change needs to be raised in order to motivate people to take action in their daily
lives. This is a challenge, however, due to the complexity of climatic effects and the uncertainties surrounding
the extent and cause of the phenomenon. The Government should accept that the “deficit” approach of
“helping people understand” the science in the hope that it will gain their support is outdated, and the
Programme needs to be amended accordingly. Science policy issues should be debated in a transparent and
open forum, with information publicly available and vested interests declared. Listening to people’s
concerns about this issue, and understanding the reasons for their behaviour, is the only way in which
Government policy can realistically hope to get ‘buy in’ from the nation to help tackle climate change.

Low Carbon Energy—Electricity

12. The Programme has excellent aspirations to move towards a low carbon economy but we are not
convinced the Government has made much headway in this direction. The 2003 Energy White Paper
recommended that 20% of the UKs electricity needs to be generated by renewable energy by 2020 in order
to reduce COz emissions.’ But earlier this year the Sustainable Energy Policy Network (set up to implement
the White Paper) reported that Britain’s COz emissions have risen by 1.4% while the proportion of electricity
generated from renewable sources has fallen from 3% to 2.9%.

13. A more holistic programme to support renewable energy is required in the UK. There is a need for
more co-ordinated R&D and greater financial support from the Government. The Treasury cannot expect
industry to provide investment in renewable energy unless it has a long-term strategy itself.

14. Biofuels potentially have an important role to play in the reduction of greenhouse gas emissions.
Development of the sector would bring a new source of income to rural areas and, depending on the impacts
of CAP reform, land is available for this purpose. However, biofuel crops have failed to become a
commercial success in the UK because of insufficient start up support and a lack of financial incentive for
the customer (eg tax breaks). The May 2004 report of the Royal Commission on Environmental Pollution
(RCEP) “Biomass as a Renewable Energy Source” is highly critical of the Government’s confused policies
on biofuels and biomass.!? The report says that current policies fail to provide the leadership and incentives
necessary to start a large-scale bioenergy sector in the UK. A workshop on biofuels was held by the Institute
of Biology and the British Crop Protection Council in 2002 to consider the technologies available, research
priorities and barriers to commercialisation. The resulting report was also critical of the Government’s
biofuels strategy.!!

15. Wind power is poised to make a significant contribution to the UK electricity supply, but several
issues remain that need to be tackled. There is concern that environmentally sensitive areas will be disrupted
to develop wind farms and that the carbon loss resulting from excavation will not be accounted for. At
present, the siting of wind farms is based on a model that predicts where there is likely to be most wind. This
does not take into account the option of developing wind farms on sites that are already spoiled by industrial
development.

16. Solar and tidal/wave energy has received less Government attention. Yet Britain has the greatest tidal
range in the world. The so-called Severn barrage could potentially supply up to a quarter of present UK
electricity requirements. Solar energy has great potential with the development of modern photovoltaic tiles
for roofing. Unfortunately, the Government has failed to support such developments and companies have
gone to Germany and Holland to develop their products. Householders should be encouraged, through
Government grants, to look at the solar option when considering re-roofing.

Low Carbon Energy—Transport

17. The growth of CO:z emissions from transport is a serious issue and the use of renewable fuels should
be explored. The potential for biological sources to help meet the demand for transport fuels is currently a
glaring omission from the Programme. Ethanol, which can be derived from a number of plant sources and
can be blended with petrol, and biodiesel, from oilseed rape, can be used in vehicles engines without any
need for modification. The Programme should place more emphasis on developing and promoting these

® Energy White Paper “Our Energy Future—Creating a Low Carbon Economy”. February 2003. Available at: http:/
www.dti.gov.uk/energy/whitepaper/index.shtml

10 Royal Commission on Environmental Pollution. Biomass as a renewable energy source. May 2004. Available at: http:/
www.rcep.org.uk/energycrops.htm

! Fuelling the Future 3: Biofuels. A report on the February 2002 workshop and questionnaire. Institute of Biology and British
Crop Protection Council. Available at www.iob.org
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options. We welcome the Government’s proposals (currently in consultation) to implement the EU Biofuels
Directive by introducing some form of regulatory mandate or obligation to use biofuels and increasing fuel
duty incentives'? (petrol is still at least 10% cheaper than four years ago in real terms). Generating hydrogen
from plant sources and using it to run vehicles is another low carbon option, but this is currently far from
economically feasible and requires further research. Problems such as compressing enough hydrogen into
fuel tanks and making fuel cells affordable may take many years to solve.

The Nuclear Option

18. The issues surrounding nuclear power need to be tackled head-on and we would strongly advocate a
review of the nuclear option as part of the autumn review of the Programme. The Programme refers to
nuclear power numerous times, but generally only in relation to the impact of decommissioning power
plants on emission figures. The Programme suggests that nuclear power is still an option even if there is likely
to be a possible 30-year gap in rolling out a fusion option.

Energy efficiency

19. More than half of the emissions reductions in the Programme are expected to come from increased
energy efficiency. The Energy White Paper estimated an increase in energy efficiency in the home could
reduce CO:2 emissions by 5 million tonnes. Therefore, policies to increase energy efficiency should be
considered as a highly important part of the Programme and should be given particular attention in the
autumn review. It should be recognised that communication and understanding the reasons for individual
and organisational behaviour are vital for increasing energy efficiency. For example, encouraging people to
use their cars less frequently, share rides or use public transport could be just as effective as developing low-
carbon fuels. Unfortunately, the current low confidence in public transport (particularly train services) and
high value given to personal independence and mobility makes this an extremely difficult challenge. The
development of an effective public transport system should be a priority. Other potential initiatives include
promoting local farm produce to cut “transport miles”, subsidising the insulation of all homes and providing
more effective heating boilers. The Government should raise awareness of ways in which everyone can
reduce greenhouse gas emissions and provide incentives to do so (see Communication). Saving £24 per year
on energy bills is not an incentive (Chapter 6, para 9).

Agriculture, Forestry and Land Use

20. Policies in the Programme relating to emissions and carbon sequestration in agriculture and other
land uses should be updated in light of new research and evidence. For example, Defra is funding a project
(led by CEH Edinburgh) to quantify the UK stocks of carbon in soils and vegetation and to assess possible
changes due to land use change. This project is assembling the best available sets of data on soil types, land
use and climate and combining them with the best-validated models currently available. It is also identifying
gaps in knowledge where further research is needed, especially in relation to the influence of other nutrients,
such as nitrogen, on carbon sequestration. An increasing body of evidence indicates that carbon storage in
soil is strongly influenced by nitrogen availability, and this influence can be both positive and negative
depending on context.'> Numerous individual research projects are presently underway in the UK and
overseas that cast light on some of the factors that control carbon sequestration in both agricultural and
natural soils.'

21. The Programme acknowledges that soil can remove carbon but it undervalues its potential as a
carbon sink. Soil is the basis of farm (and forest) production and its condition (and stored carbon) has
deteriorated hugely over the last thirty or so years. There is a small but significant potential for biological
sequestration of carbon in UK soils as a contribution to greenhouse gas mitigation, although this should
not be regarded as an alternative to cutting emissions. A recent meeting of the British Society of Soil Science

12 Department for Transport. Towards a UK Strategy for Biofuels—Public Consultation. April 2004. Available at: http:/
www.dft.gov.uk/stellent/groups/dft_roads/documents/page/dft_roads_028393.hcsp

13 Mack MC et al. Ecosystem carbon storage in arctic tundra reduced by long-term nutrient fertilization. Nature 2004; 431:
440-443; Neff JC et al. Soil carbon turnover in alpine meadows accelerated by nitrogen additions. Nature 2002; 419: 915-917.

14 Freeman et al. Export of dissolved organic carbon from peatlands under elevated carbon dioxide levels. Nature 2004; 430:
195-198; Beedlow PA et al. (2004) Rising atmospheric CO; and carbon sequestration in forests. Frontiers in Ecology and the
Environment 2004; 2: 3-5-322.
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reported that soils with low carbon content, such as those used for arable purposes for many years, have
the greatest potential for sequestration. Strategies include establishing forests on former arable sites or
expanding field margins. It is crucial that soils with high carbon content, such as soils of forests and
peatlands, should have minimum disturbance to maintain the carbon stock.'?

22. Ttisdesirable to increase forest cover as this will cause sequestration of carbon in trees and soil organic
matter, as well as providing additional environmental benefits such as provision of wildlife habitats.
However, it is necessary to consider the full lifecycle of forests and forest products and the context-
dependent ways that forestry can influence soil carbon cycling; for example, there is accumulating evidence
that establishing forests on certain soils can cause considerable release of COz due to priming of soil
microbes, leading to enhanced decomposition of old organic carbon, and through changes in drainage
conditions and disturbance. In some cases this could be larger than the amount of carbon sequestered in
trees. Also, for sequestration to be effective the carbon must be locked up for a long period of time
(ie decades). This requirement will be met if timber from a forest is used for construction purposes but not
if it is pulped for making paper.

23. The Programme aims to reduce fertiliser use, but there are other important factors influencing nitrous
oxide (N20) emissions that should be considered, for example, land use (arable crops vs. grassland),
management factors (timing of fertiliser or manure application) and the conditions of the soil (application
to wet or compacted soil is likely to increase emissions). The overall costs and benefits of land use practices
also should be weighed up; for example, some practices may favour carbon sequestration but increase N2O
emissions, outweighing the carbon benefit. It is also important to consider associated impacts on the net
emission of other potent greenhouse gasses, such as methane (CH4) and nitrous oxide (N20). This is
especially the case for no-tillage agriculture; whilst promoting soil carbon storage, this practice also
potentially increases emissions of N2O to the atmosphere, due to increased denitrification in compacted, low
porosity soils.®

Waste

24. Increasing recycling rates, especially of plastics, should be considered as a priority in the Programme.
Reducing waste production and recycling reduces the amount of waste sent to landfill, reduces the need for
extraction and processing of raw materials, and displaces the use of fossil fuels when energy is produced from
waste. As the UK only recycles 14.5% of its waste, we very much welcome the recently launched £10 million
awareness raising initiative supported by Defra. Some EU countries recycle over half of their municipal
waste, including Austria (58%), Germany (53%) and the Netherlands (59%).!7 In Norway, every household
divides its waste into glass, paper, plastic, metal and compostable material for collection at the doorstep; a
similar scheme is being introduced in France. Ensuring that kerbside collection is cost-effective is a challenge
for local authorities. '8

1 October 2004

15 Soil Use and Management 2004: 20 (Supplement: Soils as Carbon Sinks); 210-270. See also: The Royal Society. The role of
land carbon sinks in mitigating global climate change. Policy Document 10/01, July 2001.

16 Smith KA & Conen F. Impacts of land management on fluxes of trace greenhouse gases. Soil Use and Management 2004;
20: 255-263.

17 Department for Environment, Food and Rural Affairs. Municipal Waste Management in the EU 2001. February 2003.
Available at: www.defra.gov.uk/environment/statistics/waste/kf/wrkf08.htm

18 See: Meeting Statutory Recycling Targets through Cost Effective Kerbside Expansion. A step-by-step guide for local
authorities. June 2004. Available at: http://technology.open.ac.uk/iws/costeffectivekerbsidereport.pdf

Witnesses.: Professor David Powlson, Rothamsted Research, British Society of Soil Science, Professor
Alastair Fitter, University of York, President of the British Ecological Society, and Dr Ausilio Bauen,
Imperial College, Biosciences Federation, examined.

Q70 Chairman: Gentlemen, you are very welcome
indeed. For the record, from the Biosciences
Federation we have Professor David Powlson from
the Rothamsted Research Institute and the British
Society of Soil Science—I think in my days at
University I must have read one of your books about
soil, that is why I have got an allotment—Professor
Alastair Fitter from the University of York and the
President of the British Ecological Society and Dr
Ausilio Bauen from Imperial College. You are all
very welcome indeed. I apologise in advance that we
are a little bit time constrained, because there is
likely to be a vote some time in the next 20, 25
minutes or thereabouts. Would you give us a couple

of minutes on the effects of climate change on UK
biodiversity? What are the key things that you think
we should be aware of?

Professor Fitter: Our inability to predict what is
going to happen, I think, is the big problem.

Q71 Chairman: It happens to politicians all the time.
Professor Fitter: You are used to that, I realise that,
but scientists like to have greater certainty, and we
do not like the situation when we do not have it. We
have some pretty good indicators of what is going
on. There are some marked changes already taking
place even though the really significant climate
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change is perhaps only 10 to 15 years old. Even at
that time we can see marked changes in natural
systems. The obvious changes are in timing of
events, which in themselves are curious rather than
anything else, but they are the canary in the mine;
basically they are telling us that the natural world
has noticed what is going on, and they give us real
cause for concern for the longer term implications.
We are already seeing changes in range boundaries,
so species are moving north, and that means
eventually they hit buffers, because if you hit the
north coast or the top of a mountain, or whatever,
you cannot go any further. The big problem is (a) we
do not know exactly what will happen, and that is
very common in these things, obviously, but (b) we
do know that different species respond in quite
different ways, and that means that there can be a
disruptive effect within communities so that some
things will profit, some will suffer. There will be big
changes in the way that communities are
constructed, and that will have implications for the
way in which they function, and that means that the
way the global ecosystem serves us to keep the world
ticking will change, and that is a real concern. The
compounding problem is that this is all happening
against a background of an extraordinarily human
affected environment anyway. We have extremely
fragmented habitats so that parts of the habitat
which are suitable for a species may be separated by
large areas which are unsuitable from the next
possible patch. You can imagine that if climate
change makes the first patch unsuitable it will make
it very hard for that species to get to another possible
island which is a refuge, as it were.

Q72 Mr Mitchell: The Watership Down syndrome?
Professor Fitter: Absolutely. What a perfect
scenario to capture that. You are absolutely right. It
is exactly that. We also have other insults taking
place, such as nitrogen deposition and other forms
of pollution, slow erosion, etcetera, you name it.
Think of something nasty and we are doing it to the
environment in various ways, and that is making it
even more likely that species will find it difficult to
respond effectively to adapt to climate change. The
final real complication is that when this last
happened, which is about 12,000 years ago, when
climate warmed dramatically, we know exactly what
did happen. We have a wonderful fossil record
telling us, and there was a stately progress of species
responding to this, migrating across Europe as the
ice retreated. We are going through the same process
now of rapid warming, but the problem is we now
have huge numbers of species in situ which are not
native to this country. Gardens hold something like
10 times as many species as there are native plants in
Britain. There is a reservoir of species waiting to
escape and invade natural communities, and some of
them have done so already, and some of them are
very serious problems already, and that will be a
continuing complication. Just to put it in context, in
the US it is estimated that invasive species cost the
economy well over $100 billion a year.

Q73 Chairman: What are they, in case I have got any
in my back garden?

Professor Fitter: You will have, for example,
Japanese knotweed somewhere near you; you will
have Himalayan balsam too, but think of the new
pests that are coming in: sudden oak death, New
Zealand flatworm. There are lots of these things
which are appearing now. These are brought about
by the fact that we are very good at moving species
across the globe—from New Zealand, for example,
to here—which could never possibly have got here
otherwise. In the last model we have, which is the
post glacial situation, when the ice retreated and
everything warmed up, everything was migrating
under its own steam, but we have short-circuited
that entire process now. We are saying if anything
wants to grow here, “Come on, we will bring you
here, you can have a free ride and see how you do.”
Some of them will do hopelessly, and they will not
survive, but others—and we can not predict which—
unfortunately, will become serious pests.

Q74 Chairman: You mention the word adaptation.
In policy terms of you giving advice to the
Government, what should they do? Should they
concentrate on adaptation or mitigation as a
strategy, or are you going to say we have got to do a
bit of everything?

Professor Fitter: Y ou have obviously got to do both.
It would be crazy to do one or the other. We have no
option but to accept that over the next 30 years or so,
whatever is an appropriate timescale, but let us take
that sort of timescale, there is going to be a major
change taking place enforced upon the biodiversity
of the UK, and we have to allow the natural
communities in the UK to adapt to that. We also
have to mitigate those effects longer term, but in that
relatively short term what we need are policies which
allow some of those negative impacts which are
synergistic with climate change to be minimised,
because climate change is going to happen anyway.
We want to reduce nitrogen depositions, we want to
reduce habitat fragmentation, we want to reduce the
problem of invasive species, and so on and so forth,
all those things. If you like, that is the mitigation
which allows the systems to adapt.

Q75 Patrick Hall: Are we assuming that climate
change means a reduction of biodiversity in Europe.
Professor Fitter: 1t could mean an increase, but it
might be rather an alarming increase. The
probability is that it will result ultimately in a
reduction, but it may not. We cannot predict that. It
will probably produce reductions in some places but
not in others.

Q76 Alan Simpson: I wanted to move to the issue of
transport, carbon emissions from the fuels that we
use and the significance of biofuels. I am not sure
how long ago it was now, but the Committee went to
look at some of this in relation to Brazil, and it was
quite a humbling experience, I think, for us to realise
that Brazil has been running the entirety of its public
transport system on biofuels since 1930. They took
us through some very interesting calculations that
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showed that there was more carbon absorbed in the
growing of sugar cane than was generated in the
cutting, processing and then consumption as fuel, so
they had a net carbon gain equation. I am just
wondering if you have done any calculations on the
significance of biofuels in the UK, because we
cannot run on a presumption that suddenly we will
all grow sugar cane. In a sense we as a community
are getting very different messages about the
significance of biofuels, one part saying you start to
displace traditional agriculture and you have a
significant amount of cost; you look at the costs in
terms of agro-chemicals that go into the scale of
production and you have a massive additional hit. In
fact, it is not even an economic proposition. We
would be better off going for short crop coppicing.
Somewhere, as the non-scientists, we have got to do
some serious number-crunching. Have you done any
of this work?

Dr Bauen: Yes, we have actually done some of this
work, and we have looked at other situations in
Brazil and elsewhere in the world. You are correct
when you say that sugar cane is, first of all, a very
efficient crop. It has very high yields. In southern
Brazil it reaches something like one hundred tons
per hectare, which is an extremely high yield.
Secondly, when the ethanol is produced at the
processing plant it uses the left over fibre after the
pressing of the cane to provide energy to the process.
So it is practically an entirely renewable energy
process. That is why you get something like 90%
reductions in carbon emissions when you substitute
gasoline with ethanol in Brazil. As you say, some
people may claim that you get a benefit because you
are storing carbon somewhere in the system, in the
soil, for example. That could be replicated in tropical
countries with other species. If we go to the UK, a
temperate climate, the situation is slightly different
because of the crops, the products we can grow. The
two principal options in the UK for the production
of biofuels today are bio-diesel from rape seed and
bio-ethanol from wheat grain principally, possibly
to some extent from sugar beet. Both of these
options are from crops that have lower yields
compared to cane. Also, the crops require a certain
amount of fertiliser, which requires energy and has
emissions to the atmosphere as well, and the process
to produce the fuels is fairly energy intense. It
depends how they are fuelled.? Clearly a renewable
energy to the system will affect the carbon balance.
But if we look at what the carbon balance for the
biofuels produced in the UK is we could say that for
bio-diesel—if you were to substitute fossil-diesel you
would get a reduction of up to about 60%. The range
in the evaluations we have done is between 40 and
60% in terms of emissions reduction. For bio-
ethanol, because the process is more energy
intensive, depending on the technologies used, the
carbon emission reduction compared to gasoline is
somewhere between 20 and 50%. Several reports and
work have been done in the UK on this. Recently the
Low Carbon Vehicle Partnership produced a report
on bio-ethanol from wheat which shows you can go

up to 50% or more reductions in emissions.
Compared to Brazilian ethanol the reductions in
emissions are lower. Is there a need to go a biofuel
route in the UK given that the emission reductions
are lower? Is there a potential for that? I think there
are several things that you need to consider. Biomass
can also be used and grown for producing electricity
and heat. Probably in the short term the biggest
benefit in terms of carbon reductions will be from
substituting heating oil—where there is no gas
connection for heating purposes—and substituting
coal-generated electricity possibly through coal
firing. You could use probably a variety of residues
and wastes from agriculture and from the forestry
sector to fuel the heat and electricity sector. If you
used energy crops for the electricity sector, you
could get 90 to 95% emissions reduction compared
to a fossil alternative. But if you wanted to go the
energy crop route to supplying, for example, wood-
chips for heat and for electricity, then you would
have to grow a short rotation coppice. Short
rotation coppice is a new crop. It is less established.
Yields are making progress but are still not
commercially viable. There is a need to develop this
route, but for heat and electricity what you want to
do is dedicate your residues and your wastes to thi