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Science is the foundation of an“Innovation Nation”

The Campaign for Science & Engineering (CaSE), mainly under
the banner of Save British Science, has been an advocate for
increasing funding and improving policies for science and
engineering for over twenty years. On the whole, this Government
has done a good job of increasing support for science and
engineering over the last ten years after years of underinvestment.
The recent Budget announcement and Science and Innovation
White Paper, Innovation Nation, was a perfect opportunity for
the new Chancellor and the new Department for Innovation,
Universities and Skills to show their commitment to science and
engineering.

Unfortunately, there was little in the way of new announcements
for science and engineering in this year s Budget. SME R&D will be
supported through tax credits and changes to public procurement
policies. The research charities were also supported due to changes
to gift aid income for the next three years. There was £10 million
of government funding for Project Enthuse to support training
for science teachers. The Chancellor did mention the UK s history
of scienti cinvention as central to the UK s success in the global
economy, adding that the Government would launch a Science and
Innovation White Paper the next day.

There was a shift in commitment to science and engineering
in the Innovation Nation White Paper compared to the previous
science and innovation White Paper: Excellence and Opportunity.
The Sainsbury review introduced the term innovation ecosystem
to describe the various linkages between components of the wider
innovation endeavor. There are many potential bene ts to taking a
more holistic approach to innovation. However, the risk is that by
expanding the policy landscape the Government can loose sight
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of important factors, such as science and engineering, which form
part of the innovation.

The UK's major strength in innovation, as the Chancellor said during
his Budget announcement, is its science and engineering base.
Innovation Nation did make reference to the importance of science,
and to a lesser existent engineering, to innovation. However, the
White Paper did not have much to say on how the Government would
keep science and engineering at the heart of the UK s innovation
drive.

The paper did provide a number of proposals about developing
the demand side of innovation, and some to facilitate collaboration
between universities and industry. There were no substantial
commitments to improving the supply of STEM graduates, fostering
innovation in science and engineering or attracting private sector
investment in R&D. Supporting science and engineering is the
only way the UK can compete with other countries in terms of
attracting the skilled individuals and companies needed for high-tech
innovation.

It cannot be taken for granted that future Chancellors will reference
scienti ¢ achievements as a key contributor to the nations success.
CaSE is developing a new ve year strategy to keep up the pressure
on politicians so that the right science and engineering policies are
pursued today to make the UK competitive now and in the future.

Nick Dusic
Director, Campaign for Science & Engineering (CaSE)
www.sciencecampaign.org.uk
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Where chemistry and biology

meet

The RSC has examined best practice to facilitate research at the chemistry-
biology interface. Fundamental changes are required for researchers, institutions,
funders and professional bodies to reap the bene ts of interdisciplinary research.

Increasingly, scienti cresearch is
multidisciplinary and interdisciplinary
and therefore insights from chemistry
and physics are ever more important
for research in the biological

sciences. Itis clear that to succeed in
multidisciplinary and interdisciplinary
work requires the co-ordination of all
those involved, including academia,
industry, research funders and
government.

Physical scientists will play more

signi cant roles in bioscience over the
coming years. Indeed, the core role for
chemistry in molecular bioscience o ers
many exciting research opportunities for
UK chemists.

Given the signi cance of research across
the chemistry-biology interface, the RSC
has commissioned a report, Face to Face:
UK Chemistry-Biology Interface, to provide
information on the chemistry community s
participation in bioscience research.

The report covers key recommendations
for academia, research institutions and
funding bodies in the UK for facilitating
interdisciplinary and multidisciplinary
research.

The community

Researchers working at the chemistry-
biology interface form a diverse group
covering a wide variety of research

areas. These include: analytical research,
biocatalysis, biomaterials, biosynthesis,
biotechnology, carbohydrates, chemical
genetics, chemical proteomics,
computational chemistry, drug delivery,
general chemistry, imaging, medical goals,
medicinal chemistry, membranes, metals
in proteins, natural product synthesis,
nucleic acid, protein folding, protein
function, protein structure function,
post-translational modi cations (PTMs),
signaling molecules, structure and
systems biology. Those participating in
chemistry-biology interface research are
motivated by the possible bene ts to

society of their work.

Working practices

The most common working relationship

at the chemistry biology interface involves
cross-departmental collaboration within an
institution.

Physical proximity de nitely helps
collaboration between departments, and
some institutions have addressed this
with new buildings bringing departments
together.

Personal interactions are also important

to the success of collaborations at the
chemistry-biology interface. Acommon goal
and a shared vision about a problem to be
solved or a challenge to be addressed are
key.

Chemists play a key, integral role
in research at the chemistry biology
interface

Researchers need to be proactive in nding
collaborators and developing relationships.
There are a variety of ways to identify
collaborators including: the reputation of
individual researchers or groups, meeting
at conferences, searching the web for
researchers with relevant expertise,

being referred to relevant individuals by
departmental colleagues, from published
articles and being sought out by other
researchers.

Infrastructure and environment
Universities and other research institutions
need to assess whether they are providing
an appropriate infrastructure to enable
chemistry-biology interface research to

ourish. While there are examples of good
practice and many innovative ideas, de cits
still remain.

Mechanisms that were reported to

be in place in institutions to support
multidisciplinary and interdisciplinary
research include: facilitating physical
proximity and promoting interaction
at a personal and departmental level;

interdisciplinary centres (including physical
buildings and virtual centres); regular inter-
departmental seminars; joint undergraduate
course provision; cross-departmental PhDs;
joint faculty appointments; and physically
adjacent chemistry and biological sciences
laboratories.

In addition, institutions could consider
restructuring around research topics, rather
than disciplines, to support interdisciplinary
research.

Institutional barriers to research at
the chemistry-biology interface include:
institutional structures designed to maximise
RAE scores and a lack of coordination
between departments, competitions
between departments for funding and other
resources, di ering cost structures and a lack
of suitable laboratory space are also factors.
It has been suggested that academia could
learn from industry s goal-oriented culture,
and the ability to organise speci ¢ teams
with relevant expertise to address speci ¢
problems.

However, this view should be tempered
with the understanding that academias
research role is fundamentally di erent from
industry s. Academia should avoid adopting
industry s short-term outlook and emphasis
onpro ts.

The RSC recommends that institutions
examine their structures to identify
administrative barriers that impede
collaboration, such as di erent cost
structures, and seek harmonisation.

In addition, institutions should
proactively bring heads of department
together to identify mutual bene ts for
their departments that could arise from
collaboration. With the wider knowledge
of the work in their departments, heads of
department can bring researchers together.

Funding

The following discussion on funding bodies
includes Research Councils - the Medical
Research Council (MRC), Engineering and
Physical Sciences Research Council (EPSRC),
and Biotechnology and Biological Sciences
Research Council (BBSRC) - as well as
charities, speci cally the Wellcome Trust.
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Funding bodies have made a concerted
e ortto develop new funding routes for
interdisciplinary science, including at the
chemistry-biology interface.

However the perception remains
that the funding bodies, especially the
Research Councils, are not supportive of
interdisciplinary research in the way in which
research proposals are assessed, and that
more specialised schemes are needed.

A number of key initiatives could help
clarify the funding process.

These include communication exercises
such as a series of funding road shows
highlighting funding remits and the
application and reviewing process of the
BBSRC, MRC, EPSRC and Wellcome Trust.

The production of a written, step-by-step
guide to the chemistry-biology research
community funding process, either in hard
copy or as aweb portal, would also aid
understanding.

The RSC suggests that the BBSRC, EPSRC
and MRC should develop a more systematic
method to decide which Research Council
a project should be directed towards. In
addition, the BBSRC, EPSRC and MRC should
undertake a harmonisation programme for
processes such as grant application.

Feedback on funding mechanisms focused
predominately on Research Councils. For
organisations such as the Wellcome Trust,
which also support research at the chemistry-
biology interface, the RSC recommends that
a communication programme be established
with the research community, to disseminate
information on funding schemes.

Writing and reviewing grant
applications

Not all researchers are either aware of, or see
the need to seek, advice from the Research
Councils.

At the grant application stage the
RSC suggests that more and better
communication is required between grant
funders and potential grant holders to
make optimum use of existing funding
mechanisms.

Research Councils need to ensure that
they get potential applicants to the right
Research Council as quickly as possible.
Existing systems may need streamlining to
meet this need.

The RSC recommends that applicants seek
advice directly from the BBSRC, EPSRC and
MRC at any time in the grant application
process but speci cally prior to submission of
aformal application.

Itis vital that applicants seek clarity
on remit and procedures from Research
Councils prior to submission to ensure that
applications are sent to the right Research

Council. These measures should help to
minimise delays.

The RSC report! identi ed that 34% of
surveyed respondents based in chemistry
departments agreed that; Itisdi culttoget
funding in the UK because grant reviewers do
not have the right expertise.

Reviewers should be given better
guidance on how to assess research
applications at the chemistry-biology
interface, so that research questions and
appropriate method carry more weight than
methodological novelty.

By exploring these views on funding
systems, and how grant applications are
written for projects at the interface, it is
possible to draw conclusions for research
funding regimes at any interface.

The current health of chemistry-
biology interface research

There is a rapidly growing UK research e ort
at the chemistry-biology interface. However
the eld is broad and disparate. And there is
evidence that cohesion and awareness are
lacking within the community concerning
the breadth of research being conducted at
the UK's chemistry-biology interface.

Further activities to raise awareness,
stimulate chemists interest and generally
bring people together, in the form of
conferences or seminars, are required.

However to be e ective these events
must be jointly co-coordinated with those
from the biological associations to ensure
that researchers from across the eld
of chemistry-biology interface research
become involved. Moreover, the titles for
joint events must be welcoming for those
from both disciplines and eliminate jargon as
far as possible.

As yet there is no regular conference in
the UK to attract international level speakers
and act as a focus for the community. Such
an event would provide a focus for awards
inthe eld and an opportunity to raise
the pro le of industrial champions for this
research area.

To address this gap, a forthcoming RSC
conference, Chemistry in the New World of
Bioengineering and Synthetic Biology will
focus on rapidly developing areas of science
in which chemists and other researchers
can enhance current biology. It aims to
play a leading role in bringing together the
multidisciplinary community that will drive
forward tomorrow s bioscience research.?

Training researchers at the interface
Research at the chemistry-biology interface
isof signi cant importance, and the
volume of research in this area is growing.
It is therefore essential that appropriate

training is provided at undergraduate and
postgraduate levels so that the UK maintains
asu cient community of skilled researchers
active in this eld.

Interestingly, 42% of respondents
surveyed for the RSC reportiiidenti ed that
they did not feel that current undergraduates
would be equipped to do research at the
chemistry-biology interface.

Institutions must ensure that training is
available to PhD level across departments.
Further study is necessary to assess existing
mechanisms for providing adequately
trained interdisciplinary researchers.

In addition, it has been suggested that the
RSC should consider revising its membership
and accreditation to enable those working
at the chemistry-biology interface to be
recognised within RSC membership.

Conclusion

At a tactical level, there are a number of
options that researchers, institutions, funders
and professional bodies can adopt to
facilitate research at the chemistry biology
interface.

However, perhaps the biggest challenge

to facilitate interdisciplinary and
multidisciplinary research is for the
community to initiate a fundamental cultural
shift in perspective regarding research at the
chemistry-biology interface.

Researchers working at the chemistry-
biology interface believe that the
importance of the challenge is the key factor,
rather than the complexity of the chemistry

they apply.

For further information contact
Dr Philippa Bell (bellp@rsc.org).

The report was produced for the RSC by
People Science & Policy
(www.peoplescienceandpolicy.com)

A copy of the full report can be found at
www.rsc.org/facetoface

1. Face to Face: UK Chemistry-Biology
Interface (www.rsc.org/facetoface)

2. Chemistry in the New World of
Bioengineering and Synthetic Biology
22 - 24 September 2008 - Oxford, UK
www.rsc.org/chembio08
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Managing CO2 emissions

A recent joint policy seminar held by the RSC, Institute of Physics and Institute

of Biology, provided the opportunity to discuss how atmospheric CO, emissions
from burning fossil fuels could be managed. Carbon capture and storage (CCS) is
currently considered the most advanced technology to deliver these reductions.

The world still has large reserves of

fossil fuels, in particular coal, which
future generations will want to exploit.

If dangerous climate change is to be
avoided we need to ndways to burn
fossil fuels whilst reducing CO2 emissions
into the atmosphere. Both scientists and
governments are now urgently exploring
technological and political strategies to
reduce CO2 emissions. One solution that
would allow us to optimise fossil fuel use
is to collect and sequester the resulting
emissions. Carbon capture and storage
(CCS) technologies are currently emerging
as the most promising route for CO2
sequestration.

Opening this policy seminar, Hilary Benn MP
explained how the UK governments Climate
Change Bill has, for the rst time, laid outa
long-term framework which aims to cut UK
CO2 emissions by at least 60% by 2050 and
by 26-32% by 2020. To reach these targets
the Government, working with researchers
and industry, are taking steps to improve
energy e ciency and develop alternative low
carbon energy sources. However, issues such
as increasing energy demand and supply
security mean that, for many countries, coal
will remain the cheapest and most readily
available form of energy. Furthermore with
around half of present day CO2 emissions
coming from distributed and mobile sources,
it is essential that a range of carbon capture
and storage technologies are available and
proven on an industrial scale.

Geological CO2 storage

Professor Styles continued by outlining

the various approaches to sequestering

CO2. Under pressure, CO2 can be injected

into depleted gas and oil elds below

800 metres, where it remains trapped as a

dense, supercritical liquid. Under the right

conditions these formations can trap uid and

gas for hundreds of millions of years.
Alternately, CO2 can be trapped in

unmineable coal seams, since coal readily

binds CO2 to its surface. CO2 displaces coal-

bound methane, with twice the amount

of CO2 as methane being absorbed. The

dispelled natural gas can then be collected

and used as fuel. Another option involves

storing CO2 in deep porous sandstones and
limestone, which contain water that is too
salty for drinking or agriculture. The CO2
would dissolve in the water, eventually sinking
and then precipitating out as solid mineral
carbonates.

Managing COz2 storage risks

For each of these CO2 storage options, there
are concerns over the length of time that the
CO2 will remain sequestered and methods

of ensuring sites are securely sealed. If large
amounts of CO2 were to escape from a deposit
they could cause a toxic hazard.

There is a need for developing the right
regulatory framework for managing the risks
associated with the long-term CO2 storage
was stressed.

Alternative CO2 sequestration

Dr Carol Turley and Professor Klaus Lackner
went on to describe alternative methods of
sequestration, including using micro algae
directly in carbon capture. Micro algae have
the highest carbon xing rates of any plants
and can be grown in bioreactors, which

can be directly linked to CO2 outputs from
power stations. The biomass produced can
be used for fuel, creating a carbon neutral
scheme. CO2 can also be used as an industrial
feedstock to manufacture useful chemicals,
fuels and polymers. There are considerable
scienti ¢ and economic challenges to
overcome before such processes are feasible
on a large-scale, but it is important to note
that thiso ers a genuine use for CO2 rather
than a storage option.

Removing atmospheric CO2
As liquid fossil fuels are likely to remain the
energy source of choice for transport for the
foreseeable future, it is also essential that
schemes to remove CO2 directly from the
atmosphere are developed. These will enable
us to reduce emissions not only from large
concentrated sources such as power plants,
but also small distributed and mobile sources.
Apart from micro algae, CO2 can be
stripped directly out of the atmosphere using
an absorbent such as calcium hydroxide.
Professor Lackner estimates that a device
absorbing 3kg of CO2 per second would take
care of emissions from 20 000 cars.

Clean coal schemes

If we are to continue to use coal to generate
electricity is essential the CO2 emitted is

e ciently captured so it can be stored.
Engineers must design a new generation

of e cientand clean power plants that

can capture and deliver CO2 for permanent
storage. Highly e cient power plants using
oxygen and steam to combust coal cleanly
can be designed so that the CO2 is reclaimed
as a concentrated gas stream. This could then
be easily captured and stored.

Global deployment

However the UK is only a small contributor

to global CO2 emissions. In China alone last
year one new coal- red power station was
completed every four days, with that capacity
set to increase. Carbon capture and storage
technologies need to be deployed on a global
scale if they are to be e ective in reducing
CO2 emissions. As power stations usually
have working lifetimes of 40-60 years it is also
essential that any CCS demonstrations should
support post combustion carbon capture
technologies, as these could be retro tted to
power plants already in operation.

Incentives for investment

Even if technological and environmental
factors are favourable, the ultimate drivers
for progress are economic. CO2 storage in
saline aquifers for example is costly through
the capture and storage process, with no
added value by-product as compensation.
Demonstration projects for CCS technologies
will have to be proven to be economic before
we see widespread adoption. Incentives for
investment in CCS technology, such as the
inclusion of carbon in the EU Commission
trading scheme, are essential to make these
commercially viable.

For further information contact Dr
Elizabeth Milsom (milsome@rsc.org).

Afull report will be available in 2008.

This was a joint policy seminar held by

the Institute of Physics, the RSC and the
Institute of Biology. Thanks to Rt Hon
Hilary Benn MP, Professor Peter Styles,

Dr Carol Turley and Professor Klaus Lackner
for their participation in this seminar.
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Research Assessment: the
debate continues

Whilst assessment panels are meeting to decide on the outcome for the 2008
Research Assessment Exercise, HEFCE is consulting on the future form of

assessment. The RSC has added its views to the debate.

At the time of writing, data submitted

for the 2008 Research Assessment
Exercise (RAE) is being considered by

o cials, panel members and a number of
specialist advisers. The way in which the
2008 exercise is running is signi cantly

di erent from that of the 2001 exercise.
The output will also di erin that rather
than assigning units of assessment (UoA),
the RAE s equivalent of departments,
tospeci cgrades, e.g.5*% 5, 4, etc.,

the output will be an average of the
individual assessment grades of sta
within each unit of assessment, although
the individual grades themselves will not
be published.

Debate over the future

Debate over the future of the RAE
continues not least because the Government
has asked HEFCE to develop a new
framework, the Research Excellence
Framework (REF), for research assessment
and funding that makes greater use of
quantitative information (metrics) than the
current arrangements. The intension is that
this will be introduced gradually between
2010 and 2014. Some key elements in the
new framework have already been decided.

The RSC responded to a consultation last
year in which it argued that an element
of peer review should be retained in any
reformed RAE. However in a subsequent
consultation document published in
November 2007 HEFCE stated that, within an
overarching framework for the assessment
and funding of research, there will be
distinct approaches for the science-based
disciplines and for the other disciplines.

Quantitative indicators

Speci cally it was proposed that
assessment for the science-based disciplines
will be driven by quantitative indicators and
that HEFCE will develop a new bibliometric
indicator of research quality. HEFCE also
stated that the new funding and assessment
framework will additionally make use of
indicators of research income and numbers
of research students.

In contrast HEFCE proposed that

assessment and funding for the other
disciplines (the arts, humanities, social
sciences and mathematics and statistics)
will involve a new light touch peer review
process informed by metrics which will
operate from 2013,

RSC response

In the response to the HEFCE consultation,
the RSC stated that it remained uncertain as
to whether a purely bibliometrics (citations)-
based system is capable of treating everyone
fairly. HEFCE proposed normalising
indicators within particular sub- elds, but
it still may well be that citation behaviours
vary between sub-groups within larger sub-

elds. For example, some areas of organic
chemistry such as natural product synthesis
may well have much lower publication and
citation rates than others.

On the other hand, levels of research
income required also vary widely within
chemistry and this is important to bear in
mind should HEFCE develop any compound
quality indicator.

Another problem in using bibliometrics is
that they are not a good measure of quality
of recent work in chemistry. Citations to a
paper published 5 years previously might
be quite a good measure of quality but that
is not always true for a paper published one
or two years previously - it takes time for
citations on a chemistry paper to develop
unlike some other areas of science. Also
review papers get many more citations than
other papers and it is hard to weed these
out.

HEFCE asked whether bibliometric
indicators produced on the basis that they
proposed could provide a robust quality
indicator. The RSC expressed scepticism.

The consultation document argued
that the number of citations per paper is
ameasure of international excellence. In
reality it is a measure of impact (or in some
cases notoriety), which may or may notin
some way correlate with research excellence.
An obvious example of notoriety is the work
on cold fusion by Pons and Fleischmann.

It is also questionable that high citations
are necessarily a measure of quality of

research output. Examples can be found
where reviews receive signi cantly higher
numbers of citations than other papers

ina eld. Suchissues could in principle

be accounted for by multiple metrics of
excellence combined with peer review panel
(asin previous RAES). Itis hard to see how
they can be accounted for in this single
metric without some form of peer review.

A measure of popularity?

Another danger of a bibliometrics
approach is that to some extent the number
of citations in a subject area may re ect the
short lived popularity of that eld rather
than the quality of work. Consequently
to some degree a bibliometrics measure
has the danger of measuring how trendy a
research eld is rather than its quality.

Nonetheless the proposed approach to
developing a bibliometric measure does
go some way to facing up to a number of
speci c criticisms of some bibliometrics
systems. For example, the methodology
proposed does attempt to take into account
di erencesin citation behaviours between
di erentsub- eldsin each subject by
producing a normalised citation per paper
indicator. However, as indicated above there
may still be individuals within larger sub-

eldswho su erunder the new system.

Behavioural consequences

The RSC believes that any new system will
have behavioural consequences; indeed,
the consultation recognises the importance
of the RAE (or REF) return to an academics
research career, and to the UoAs bottom
ling, so the incentives to change behaviour
are huge. Whilst the bibliometrics-based
system proposed may be di cult to
manipulate, it is nonetheless possible that
research managers will attempt to change
the publishing behaviour of researchers and
have them target higher impact journals in
the belief that papers in these journals will
be more highly cited. In extremis research
managers may prevent members of their
departments publishing in certain journals.

The proposed metric is very di erent
from those used in previous RAEs, and

might encompass all outputs rather than
simply considering four papers. The drive
to increase citations per paper will be large,
and must lead to citation clubs. The issues
are whether this is acceptable or desirable
behaviour to encourage, how to identify
these clubs, and how to deal with them, not
whether they will form.

Whatever the form of the nal system
selected for the REF, the community needs
to have con dence in that system. Therefore
the RSC has given its support to the idea
of running a shadow exercise the results
from which will be compared with those
from the current RAE exercise. Once results
from the shadow exercise are compared
with those from the RAE any signi cant
di erences must be investigated. The results

of the comparison must be discussed with
respective subject communities and actions
taken to address issues raised.

Other issues of concern

The RSC also commented on other issues
in the consultation including the issue of
how new sta and those returning from
career breaks will be dealt with in the
proposed system, and how a suitable metric
might be developed to assess the user
value or the quality of applied research. On
the latter issue the RSC stated that it was
very di cult to envisage how a suitable
guantitative metric could be developed, and
consequently felt that again an element of
peer review was the best way to make such
assessments.

RSC Roadmap
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Despite opposition from the RSC and a
number of other bodies to the proposal to
lose peer review from the assessment of
science-based subjects, indications are that
this will happen. Itis also likely that the new
system will be introduced gradually with
some subjects being assessed earlier than
others.

Whatever the nal form of the Research
Excellence Framework, one thing that
can be guaranteed is that the debate
will continue on the nature of research
assessment, and indeed on the future of the
dual support system itself.

For further information contact
Dr Sean McWhinnie (mcwhinnies@rsc.

org)

The chemical sciences and engineering communities are being asked to take part
in the RSC Roadmap, to identify areas where they can have a major impact on

tackling key societal issues.

As the UK s Engineering and Physical
Sciences Research Council (EPSRC)
changes its funding mechanisms, the
opportunity is set for the RSC and
other stakeholders to work with their
respective communities to formulate
and implement science priorities.

The EPSRC announced in March 2008
that priority for its research funding would
be given to major global challenges.

The EPSRC will work with the other

UK Research Councils in key areas that
impact society such as energy, the digital
economy, living with environmental
change, global threats to security, and
healthcare.

One of the goals of the EPSRC is to
work with partners to more e ectively
translate/understand how research can
contribute to solving the challenges facing
society . To this end, EPSRC is partnering
with the Chemistry Innovation Knowledge
Transfer Network, the Institution of
Chemical Engineers (IChemE) and the
RSC in running a consultation to identify
opportunities for Grand Challenges in
chemical sciences and engineering.

The EPSRC aims to develop a community
driven strategy for chemical sciences and
engineering research in the UK that has
the potential to make the UK a global
leader.

Itis imperative that the UK chemical

sciences and engineering communities
step forward collectively to respond to this
consultation and that every relevant UK
research group gets involved.

The key outcome of the Grand
Challenges consultation will be a set of
themes, chosen by the communities,
which set challenges over a timescale of
20-40 years. The EPSRC envisages that
these challenges can only be achieved on
this timescale if researchers from di erent
disciplines work together.

Parallel to the development of the
Grand Challenges, the RSC is undergoing
a major consultation that will help focus
its policy work and enable it to become
more proactive, particularly when dealing
with key stakeholders such as government
agencies, industry and academia. In 2007
the IChemE undertook a similar exercise
and have used their roadmap to establish
and implement their policy strategy.

The RSC is mapping out priorities
for the chemical sciences and is asking
chemical scientists from across the world
to contribute their expertise to the task
through a series of workshops and online
consultations. The rst online consultation
opens in June and is accessible to RSC
members and non-members.

The roadmap will highlight areas where
the chemical sciences can have a major
impact in tackling key societal issues. The
roadmap will give the RSC a ve to ten year

science policy strategy. This will help the
RSC in uence external funding decisions,
and ensure that the RSC better informs
Government policy. It will also be used
to demonstrate to the wider community
the role the chemical sciences plays in
providing innovative solutions to a range
of problems.

In the short term, the roadmap
will provide better focus to the RSC s
engagement with UK and EU policy
makers, and help realise the EPSRC s
Grand Challenges. In the longer term,
the roadmap will help develop our
international policy work.

Chemical scientists from all parts of the
world must now seize the opportunity
to comment on the ideas that will be
presented online.

For further information and registration
for the online consultation, visit www.
rsc.org/roadmap or contact Dr Mario
Moustras (moustrasm@rsc.org)
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Adapting to climate change

Climate change seems unavoidable. So far the focus has been on mitigating the
change. Here we discuss what needs to be done to maintain living standards in
anticipation of severe weather conditions.

E ortsto mitigate climate change

to date have focused on cutting
greenhouse gas emissions and
increasing energy e ciency.
However, we can see the rste ects
of climate change already and there
isawidespread concern that current
measures are insu  cient. The Royal
Commission on Environmental
Pollution (RCEP) conducted a study on
how the UK can best adapt to living
in achanging climate. As part of the
scoping phase, the RSC responded,
identifying some of the issues where
action is most urgently needed.

The new RCEP study on adapting the
UK to climate change began last year,
outlining issues the report should cover.
At the end of this phase RCEP plans

to publishits rst report with a broad
overview of the topics, followed by an
in-depth consultation exercise. The nal
report is due to be published in 2009.

Climate change adaptation policy

The need to adapt to climate change is
gaining recognition. In June 2007 the
European Commission published its green
paper on Adapting to climate change
inEurope Options for EU action.! It
examines the impact climate change will
have in Europe and puts forward a case
for action.

The Climate Change Bill? that the UK
Department for Environment, Food and
Rural A airs (Defra) is driving, proposes
that the Government should report to
Parliament the risks faced by the UK from
climate change. It is also required to
devise a programme setting out how it
will address these likely impacts.

The cost of adaptation is high. The Stern
Review estimates that5- 6 C warming
through climate change can lead to
an average 5-10% loss in global Gross
Domestic Product (GDP). In contrast, the
annual costs to stabilise CO2 levels at 500-
550ppm are estimated to be around 1% of
GDP by 2050.3

Impact of climate change
Models have shown that climate change
resultsindi erent weather patternson a

The cost of adaptation is
high,a5-6 Cwarming through
climate change can lead to an average
5-10% loss in global GDP3

local scale. A particular contrast between
the northwest and southeast of the UK was
identi ed in the UKCIPO2 report.4

Knowledge of climate change e ectson
aglobal scaleisinsu cient. Adaptation
measures that are required in the southeast
of the UK might not be appropriate for
changes in the northwest. It is therefore
vital to improve our knowledge of
greenhouse gas emissions on the local
scale to be able to improve the scenarios
used to model climate change and to
reduce the uncertainties in those models.
The better our understanding of the e ects
of climate change is, the better we can
adapt to those changes.

Flood impact
Changes in precipitation and rising sea levels
mean that, due to global warming, there isa
higher probability of oods in the UK#

Flash summer ooding might cause
increased erosion which can cause soluble

and sediment
bound pollutants
to transfer into water bodies. Entrained
heavy metals and other pollutants as well
as pesticides, parasites and nutrients from
farmland can be ushed into watercourses.
Summer storms and wetter winters will
increase the frequency and severity of these
di use pollution events. This can increase
the concentration of contaminants water
treatment works have to remove to reach an
adequate water quality.3

Drought impact
Drought frequency and severity are predicted
to increase in most UK regions by 2080,
particularly in the south and east of the UK 4
Droughts increase the risk of saline
intrusion into groundwater, which is used for
public water supply by boreholes.
In the South East of England 43% of
drinking water is provided by boreholes
to supply potable water by groundwater

sources. Current treatment technologies at
these sites will not be able to provide water
to potable standards if the groundwater is
contaminated by saline water due to the
water table lowering.®
During a drought there is less water

available to dilute contaminants that are

ushed into water streams, leaving a higher
concentration of pathogens and leading to a
decline in the overall water quality. Droughts
and increasing imbalances between demand
and available resource are likely to force use
of more contaminated water sources.

Water management
Greater water contamination due to droughts
and oods put a higher burden on water
treatment processes. This is likely to lead
to lower water quality and will ultimately
make water management expensive and
challenging. Micro Itration and reverse
osmosis technologies are expected to be
important in treating poor quality water.>
Energy makes up 34% of potable water
production costs. Energy savings are possible
through better water treatment work
management and operation. However, if
new regulations require installing additional
treatment processes or if the quality of raw
water deteriorates, then energy costs are
likely to increase.®

Agriculture
Severe weather conditionsa ect the quality
and quantity of crop yields. To prevent
poor harvests, farmers may need to adapt
the types of crops they grow to changing
weather conditions. Science and technology
have contributed signi cantly to high farm
yields, large scale continuous processing,
sophisticated preservation methods and
global distribution of nished products.
However, this model is based on assumptions
that the Earth performs as a limitless energy
supply and waste disposal sink.6

Fertilisers, soil nitrogen and manure
management all give rise to nitrous oxide and
methane emissions, which are greenhouse
gases. This will limit their future use and
prompt researchers to develop novel
fertilisers that do not emit greenhouse
gases or put an additional burden on
water management. This is an area where
scienti c research could make a considerable
contribution, and the chemical sciences
need to be at the centre of e orts to design
improved agrochemicals. As part of this
e ort, researchers need to develop crops that
use nitrogen more e  ciently in addition to
novel fertilisers.

Minimum tillage is both a measure to
adapt to climate change by reducing soil
erosion from extreme events and a measure

to mitigate climate change through carbon
dioxide sequestration in the soil. It aims to
maintain and enhance soil productivity by
preventing land degradation. Conservation
tillage (also known as no-till conservation or
zero tillage) includes any tillage and planting
system that covers 30% or more of the soil
surface with crop residue, after planting, to
reduce soil erosion by water.’

Higher humidity resulting from climate
change will provide the ideal growth
conditions for fungi, bacteria and viral
diseases. Floods can wash out nutrients from
the soil and leave an excess of contaminants
onthe elds. All these parameters will
in uence harvests.

The use of chemical signalling to deter
new pests is only one option to secure food
supplies. Crops natural resistance needs
improvement, and selection and breeding
of improved varieties must be advocated.
Higher yields could be achieved through
improved treatments and nutrients for
intensive production. However, water
pollution can result from excess nitrogen and
phosphorus if they reach ground water. We
must ensure that neither of these nutrients
ortoxinsa ectsfood products quality and
safety .6

Health
Water borne diseases have historically had
the greatest impact upon human health,
and continue to contribute to millions of
deaths globally each year. Water transports
contaminants, include inorganic, organic
and biological materials from various
sources, both natural and man-made. Such
contaminants enter the human body by
ingestion, inhalation of water droplets and
contact, particularly with broken skin. Water
use and hygiene practices act as an important
barrier to disease transmission.®

Flooding events that overwhelm surface
water and storm water systems can mobilise
contaminants,a ecting health. However,
the greatest risk is associated with storm
water overwhelming combined surface
water sewage systems, resulting in water
discharges that are potentially contaminated
with pathogens and chemicals.

Changes in weather patterns can lead
to new insect invasions, too. This has
implications for public health and agriculture,
because of the diseases the insects can
carry, e.g. malaria, and blue tongue disease.
Chemical sciences should be at the centre
of e orts to mitigate the risk to crops and
human health by developing pest control
measures and new pharmaceuticals.

Looking towards the future
Today, 75% of all houses that will be
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inhabited in 2050 are already built. This
means that upgrading existing buildings,
needs to be part of any adaptation strategy.
New developments need to be constructed
according to the highest standards possible
incorporating our current knowledge of
climate change.

To adapt the UK to climate change,
investments have to be made now into
research and development to receive a
reward in the future. This can make the
case for adaptation measures more di cult
to pursue politically. The sooner measures
to mitigate climate change succeed, the
less severe the adaptation measures and
reduction in quality of life will have to be.

Getinvolved

If you would like to give evidence for the next
part of the RCEP study, please contact Yvonne
H bner with information you have available
on the subject of the UK adapting to climate
change.

For further information contact Dr
Yvonne H bner (hubnery@rsc.org)

The full RSC response to this consultation

can be viewed online at www.rsc.org/
ScienceAndTechnology/Policy/Documents/
adaptingUKclimatechange.asp
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management with animal traction in the
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namibial/c18.htm






