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update

The UK will face decades of slow eco-
nomic decline unless it invests heavily in 
research, one of the country’s few genuine 
areas of economic competitive advantage, 
according to a report by the Royal Society.  
The report warns that the UK’s current 
advantage is in danger of being wiped 
out by the USA, China, India, France and 
Germany who have ramped up spending 
in science to boost their economies.    

The Scientific Century: securing our 
future prosperity brought together leading 
figures from politics, industry and science 
to assess the role of science in any long-
term strategy for economic growth and 
highlights the successful but fragile nature 
of the UK’s innovation economy.  

“As France announces a new €35 bil-
lion investment in the knowledge econ-
omy, the UK cuts university budgets by 
£600 million, with the threat of more to 
come.  History shows us that new technol-
ogies drive economic development – look 
at the industrial and digital revolutions.  
The UK has been in the top two of the 
scientific premier league for the last 350 
years.  It would seem obvious that politi-
cians would recognise the need to invest 
in this competitive advantage rather than 
cutting funds,” said Sir Martin Taylor, 
chair of the report’s advisory group.

The report explodes the familiar myth 
that the UK is good at science but bad 
at exploiting its results.  It highlights the 
emergence of an innovation economy 
in the UK with universities becoming 
fledgling economic powerhouses. Patents 
granted to UK universities have increased 
by 136 per cent between 2000 and 2008 
while university spin-outs employed 
14,000 people in 2007-08 and had a turn-
over of £1.1 billion. The report also cites 
examples of science driving successful 
sectors of the economy such as pharma-
ceuticals, though business R&D is picked 
out as a weakness for the UK.  In 2007 
British companies spent 1.14 per cent of 
GDP on R&D while in the USA the figure 
was 1.9 per cent and in Germany 1.8 per 
cent.

To maximise the economic opportuni-
ties from science the Royal Society report 
recommends:

creating a 15 year framework for sci-•	
ence and innovation, with increased 
spending; 
prioritising investment in scientific •	
skills and infrastructure, such as labo-
ratories and equipment;
expanding the R&D tax credit.•	

http://royalsociety.org/The-scientific-
century1

The four UK higher education (HE) fund-
ing bodies announced the outcomes of 
the recent consultation on the Research 
Excellence Framework (REF) – the new 
system for assessing research in UK 
higher education institutions (HEIs) – on 
26 March.

The consultation revealed over-
whelming support for research to con-
tinue to be assessed though a process of 
expert review, and for the main factor 
in the assessment to continue to be the 
quality of research outputs produced by 
institutions. 

There was widespread support in 
principle for an explicit assessment of the 
social and economic impact of research, 
subject to developing a robust methodol-
ogy, and reservations about the weight-
ing of this element within the overall 
assessment. 

In the light of the consultation feed-
back, the four funding bodies have made 
some refinements to the proposals and 
announced initial decisions about the gen-
eral arrangements for the assessment. 

A pilot exercise that will be vital 

in developing the method for assess-
ing impact is currently in progress.  It 
involves 29 UK Higher Education 
Institutions and panels of experts made 
up of leading researchers and senior fig-
ures from a wide range of organisations 
that commission and use research includ-
ing businesses, public sector bodies, 
charities and other third sector organi-
sations.  A full detailed announcement 
about the method for assessing impact 
and its weighting within the framework 
will be made after the pilot exercise has 
concluded in autumn 2010.

The four funding bodies are consider-
ing the overall timetable for the comple-
tion of the first REF exercise, in the light 
of feedback from the consultation and the 
refinements they are making.

The funding bodies are the Higher 
Education Funding Council for England 
(HEFCE); the Scottish Funding Council 
(SFC); the Higher Education Funding 
Council for Wales (HEFCW); and 
the Department for Employment and 
Learning, Northern Ireland (DELNI).
www.hefce.ac.uk/research/ref

‘Research the key’ says Royal 
Society

Research Excellence Framework 

More transparency 
needed in climate 
research
On 31 March, the Science and 
Technology Committee published its 
report on the disclosure of climate data 
from the Climatic Research Unit (CRU) 
at the University of East Anglia.  Leaked 
emails from this unit caused an inter-
national furore, dubbed ‘Climategate’, 
just before the Copenhagen Summit 
on climate change last December.  The 
Committee called for the climate science 
community to become more transpar-
ent by publishing raw data and detailed 
methodologies.

The focus on Professor Phil Jones and 
the Unit he heads has been largely mis-
placed, said the Committee.  On the accu-
sations relating to Professor Jones’ refusal 
to share raw data and computer codes, the 
Committee considered that his actions 
were in line with common practice in the 
climate science community but that those 
practices need to change. 

On the much cited phrases in the 
leaked emails – ‘trick’ and ‘hiding the 
decline’ – the Committee concluded that 
these were colloquial terms used in pri-
vate emails and the balance of evidence 
is that they were not part of a systematic 
attempt to mislead. 

On the mishandling of Freedom 
of Information (FoI) requests, the 
Committee considered that much of 
the responsibility should lie with the 
University, not CRU.  “The University 
needs to re-assess how it can support aca-
demics whose expertise in FoI requests is 
limited,” said the report.
www.publications.parliament.
uk/pa/cm200910/cmselect/
cmsctech/387/387i.pdf

A separate investigation led by •	
Lord Oxburgh, a member of the Council 
of the Foundation for Science and Tech-
nology, found “no evidence of impropriety 
whatsoever”.   However, the panel noted 
that it was “very surprising that research 
in an area that depends so heavily on 
statistical methods has not been carried 
out in close collaboration with profes-
sional statisticians”.  Closer collaboration 
would be helpful for climate researchers 
to work more closely with professional 
statisticians in future.  This would ensure 
the best methods were used when analys-
ing the complex and often ‘messy’ data on 
climate.  Another member of the panel, 
Professor David Hand, President of the 
Royal Statistical Society, commented that 
the CRU scientists had not used “the best 
statistical tools for their studies” but that 
this had not made significant difference to 
their conclusions.

http://royalsociety.org/The-scientific-century1
http://royalsociety.org/The-scientific-century1
www.hefce.ac.uk/research/ref 
www.publications.parliament.uk/pa/cm200910/cmselect/cmsctech/387/387i.pdf 
www.publications.parliament.uk/pa/cm200910/cmselect/cmsctech/387/387i.pdf 
www.publications.parliament.uk/pa/cm200910/cmselect/cmsctech/387/387i.pdf 
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The role of learned societies in policy 
development

Nancy Rothwell

Learned societies exist primarily to 
promote and support individual 
academic disciplines.  In the UK 
they are numerous, notably in 

science and engineering, but especially in 
biology.  Even ignoring the many small, 
local interest groups, it is estimated that 
several hundred societies exist in biology.  
Some maintain close partnerships with 
others, some work largely alone. 

The very diversity of learned societies 
can pose problems.  With such a large 
number of specialist organisations, it can 
be more difficult for the concerns and 
priorities of the wider discipline to be 
heard, especially in the formation and 
development of policy where science has 
such an important role today.  The prolif-
eration of bodies may also lead to some 
replication of effort and activity.

The Society of Biology, established in 
late 2009, was formed to overcome these 
challenges.  It is an overarching body rep-
resenting biology in the same way that the 
Royal Society of Chemistry, the Institute 
of Physics and the engineering institutes 
do in sister disciplines across science 
and technology.  The Society of Biology 
was formed – with significant help from 
the Foundation – from the integration 
of the Institute of Biology (IoB) and the 
Biosciences Federation (BSF), each of 

which had represented biology in differ-
ent policy areas.  Policymakers will now 
be able to look to a single body for advice 
on matters relating to bioscience, advice 
that has been distilled from the expertise 
of the many specialist learned societies 
within its membership. 

The two ‘parent’ organisations also 
offered much complementarity.  IoB com-
prised mainly individual members and 
fellows, including many school teach-
ers, professional biologists and interested 
amateurs, and had a branch structure 
across the UK.  The BSF in contrast was 
an umbrella body, including most of the 
larger learned societies in biology as well 
as key funding bodies, several major com-
panies and a number of non-commercial 
organisations.

This diversity reflects in part an explo-
sive growth in the study of biological 
systems and perhaps also an increas-
ing specialisation in sub-disciplines of 
biology.  It may also be in part due to 
the development and recent successes of 
interdisciplinary research. 

Our approach to science, and biology 
in particular, has changed over the last 
few decades.  As a young PhD student I 
joined a learned society: the Physiological 
Society was associated with the subject 
of my undergraduate degree.  I gained a 

Professor Dame Nancy 
Rothwell FRS FMedSci holds 
an MRC Research chair and 

is Deputy President and 
Deputy Vice-Chancellor 

at the University of 
Manchester.  She is 

President of the Society of 
Biology, a Vice-President 
and Council member of 

the Royal Society, and a 
non-executive director of 

AstraZeneca

As the single body representing the UK bioscience community, the Society of Biology is 
already taking an active role in contributing to policy making.
Responding to the recent HEFCE consultation on the Research Excellence Framework 
(REF), the Society argued that while the retention of the peer review process in the 
current proposals alongside a range of performance indicators was to be welcomed, 
there were still issues of concern.  One of these was the ‘impact’ measurement which 
is proposed to carry a 25 per cent weighting in the new REF.  On the basis of the nov-
elty of this element, the well-recognised difficulty of its evaluation and the unproven 
nature of the proposed methodology the Society proposed that the ‘impact’ weighting 
should be 10-15 per cent at most. 
Another area of importance to the Society’s membership is the independence of sci-
entific advice to Government.  In a submission to the House of Commons Science and 
Technology Select Committee the Society recognised that ministers take account of 
factors other than scientific advice when reaching a decision, but argued that clear 
and proactive communication of these factors to the relevant scientific advisory com-
mittee, and to the public, is essential to preserve mutual respect and trust.  It also 
urged that the induction process for new ministers should include discussion of the 
‘Statement of Principles for the Treatment of Independent Scientific Advice’ included 
in the Select Committee’s consultation.
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great deal from membership of ‘Phys Soc’ 
and still do.  Like many other learned 
societies, it gave me the opportunity to 
present, defend and publish my work to 
leaders in the field, attend specialist sym-
posia as well as broader meetings, gain 
funds to travel to overseas conferences, 
identify mentors and collaborators and to 
learn of some of the many skills needed to 
succeed in an academic career in science. 

My own PhD students are often at a 
loss as to which society to join.  Some 
trained as physiologists, some as molecu-
lar biologists, some are clinicians and oth-
ers come from mathematics backgrounds.  
All undertake research which demands 
interdisciplinary work and varied skills.  
The research areas do not always link auto-
matically with a specific learned society.

In an inter-disciplinary age, the crea-
tion of the Society will allow for more 
effective and efficient working relation-
ships between member organisations, 
stronger support for individuals who 
are members and new opportunities for 
training, as well as dissemination of dis-
coveries in biology and interaction with 
representative bodies of other areas of sci-
ence and technology.  It will also provide 
a platform for the promotion of biology 
as an attractive career. 

A continuing drive towards even 
more interdisciplinary (or even non-dis-
ciplinary) research might reasonably be 
accused of creating “Jacks of all trades, 
but masters of none”.  Thus, many sci-
entists will still wish to maintain a close 
alliance with their own discipline and 

learned society.  Some of the learned 
societies provide valuable professional 
qualifications and accreditation and there 
will always be a need for highly special-
ised knowledge and advice.

These are good reasons to maintain 
the structure of existing learned societies 
– but within the integrated framework 
provided by the Society of Biology.  The 
learned societies are here to stay for the 
foreseeable future.  The challenge is to 
ensure that they work effectively and 
efficiently with each other and with the 
larger bodies to support and promote sci-
ence in its widest sense and particularly 
in the policy framework within which it 
takes place.
The Society of Biology: www.societyofbiol-
ogy.org 

The Christmas Reception of the 
Foundation for Science and 
Technology provides an annual 
opportunity for a more infor-

mal discussion about the topics of the day.  
Last December, the Shadow Minister for 
Universities and Skills, Conservative MP 
David Willetts, was invited to outline his 
party’s perspective on science policy. 

Mr Willetts said that the Conservatives, 
like the Labour Government believed 
strongly in the importance of research 
and science.  He particularly endorsed 
the drive that Lord Sainsbury had shown 
and the initiatives that the Minister had 
introduced.  He highlighted the empha-
sis on dealing with global problems such 
as climate change and poverty.  David 
Willetts was particularly concerned 
about demographic changes and the 
divergence between ageing and young 
populations. 

He shared the view that the Haldane 
principles on funding for research should 
be followed, and the dual structure 
for funding maintained.  However, he 
expressed doubts about some features 
of the new REF (Research Excellence 
Framework), in particular the factor for 
impact.  How was this to be measured, he 
asked?  Would, for example, the ‘research’ 
that led to the MMR debacle be rewarded 
for impact? 

The Shadow Minister was also con-
cerned that industrial policy and sci-

entific research funding should not be 
too closely linked.  It was not evident, 
he said, that there was a linear process 
whereby scientific research went in at 
one end and commercial success came 
out from the other.  Moreover, it was 
dangerous to formalise too rigidly the 
relationships between universities and 
business.  At the same time universities 
should beware of spinning off compa-
nies too soon. 

Mr Willetts was particularly concerned 
to break down barriers between research 
and commercial success.  Areas which 
could be explored included the great-
er use of tax credits, problems caused 
by delays in getting intellectual prop-
erty rights because of peer review, the 
legal framework on patents and also the 
institutional overlap caused by differing 
standards.  Mr Willetts attached particu-
lar importance to effective clustering of 
businesses and institutions. 

On education generally, he shared the 
Government’s emphasis on getting more 
students to study Science, Technology, 
Engineering and Mathematics (STEM) 
subjects, getting more scientists into 
teaching and giving pupils better career 
advice.  He added that James Dyson 
was reviewing these issues for the 
Conservative Party. 

Responding, Professor Alan Thorpe, 
Chair of the RCUK Executive Group 
and Chief Executive of the Natural 

Environment Research Council (NERC), 
welcomed Mr Willett’s support for con-
tinued investment in research.  The UK 
is, he argued, a centre of excellence: we 
need to celebrate this and make clear the 
impact that good research has on social 
and economic problems.  But there is a 
long time interval between research and 
final impact, which is why we need a sus-
tained pattern of funding. 

We need to measure impact both 
quantitatively and qualitatively, he noted.  
The Research Councils have strong links 
to business both here in the UK and 
internationally.  Research is crucial for a 
sustainable world and national economy 
and a successful society. 

Sir Anthony Cleaver, Chairman 
of EngineeringUK, also welcomed Mr 
Willett’s comments, especially about the 
consensus across the political divide.  He 
wished to emphasise the importance of 
collaboration between businesses, uni-
versities and the Government.  It was 
particularly important in addressing the 
likely shortfall of engineers at technician 
level as well as at higher levels (he noted 
the demographic decline in 18-24 year 
olds).  Of course, getting more pupils 
to do STEM subjects was vital, but that 
should be seen as a way of encourag-
ing apprenticeships as well as university 
entries.  He hoped the engineering diplo-
ma, for which 6,000 pupils were already 
studying, would continue.� ☐

The Christmas Reception of the Foundation for Science and Technology on 9 December 2009  
provided an opportunity to explore the cross-party support for science and research.

The importance of science

www.societyofbiology.org
www.societyofbiology.org
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A special meeting of the Foundation for Science and Technology on 12 March 2010 honoured the 
achievement of a number of famous names in aviation and space travel.

Enthusing the next generation
The first and, to the present day, the last 
human beings ever to set foot on another 
world were among the special guests at 
a meeting of the Foundation for Science 
and Technology held at the Royal Society 
in early March.  Captain Neil Armstrong 
and Captain Gene Cernan were joined 
by Jim Lovell, the Captain of Apollo 13, 
as well as Bob Gilliland, the first man to 
fly the world’s fastest airplane, the SR-71 
Blackbird, and General Steve Ritchie a 
fighter ace of the Vietnam War.  They 
spoke of their experiences and gave their 
thoughts about the US space and avia-
tion programmes across the decades.  
David Hartman, the former first host of 
the Good Morning America TV show, 
‘anchored’ the panel discussion.

For the invited audience of more 
than 200 people, this was literally the 
opportunity of a lifetime – only 12 men 
have ever walked on the Moon.  From 
the moment that Neil Armstrong took 
his “giant leap for Mankind” to the day 
that Gene Cernan lifted off from the 
lunar surface to rejoin the command 
module of Apollo 17 was less than four 
years.  Armstrong set foot on the moon 
on 21 July 1969, Cernan left it on 14 
December 1972.

Steve Ritchie and Bob Gilliland 
explained how the space programme 
grew out of the aviation research pro-
gramme which had resulted in aircraft 
such as the F-104 Starfighter flown by 
General Ritchie in combat – the aircraft 
still holds the low-level speed record for 
an aircraft more than 40 years later – and 
the SR-71, a strategic reconnaissance air-
craft capable of flying at Mach 3.  Ritchie 
highlighted the rapid progress in mili-
tary technology – the air-to-air missiles 
on his aircraft had a strike rate of little 
more than 10 per cent.  Yet the Vietnam 
War introduced technologies which have 
become standard today, such as the first 
laser-guided bombs.

For many of the audience it was 
the experience of the three astronauts 
which was the focus of interest.  They 
recalled how the impetus for the space 
programme had come from the Cold 
War.  The launch of the Sputnik satellite 
by the Soviet Union had acted as a wake-
up call to the USA.  So on 25 May 1961, 

President Kennedy issued a challenge to 
the whole country.  He said: “I believe 
that this nation should commit itself to 
achieving the goal, before this decade is 
out, of landing a man on the Moon and 
returning him safely to the earth.”

This was a huge challenge.  To achieve 
it, three successive space programmes 
were instigated, as Captain Lovell 
explained.  The first was the Mercury 
programme, which was concerned with 
actually getting a manned craft to the 
edge of space and the astronaut safe-
ly back to earth.  The second was the 
Gemini programme which was designed 
to test whether human beings could live 
and work in space.  It also developed the 
techniques of space walks and docking 
manoeuvres.

With the benefit of these lessons, 
Apollo then took men to the Moon and 
back.

All three astronauts had flown in space 
as part of the Gemini programme.  Jim 
Lovell quipped how he wished he had paid 
more attention to Newtonian mechanics 
before he had flown – the astronauts had 

been shown some of Newton’s original 
manuscripts held at the Royal Society.  
He said that on the space walks, when 
he turned a wrench to tighten a bolt “the 
wrench turned me!” making it difficult to 
keep his footing.  His co-pilot could also 
feel the “equal and opposite reaction” to 
everything Lovell was doing on the exte-
rior of the craft.

The three discussed the pressure on 
everyone involved in the space programme 
to deliver before the end of the decade, 
with just a couple of months between 
launches at one stage.  Technological 
progress was being pushed at an enor-
mous rate.  Yet, as we all know today – 
they achieved it.

Jim Lovell raised an interesting hypo-
thetical question.  The oxygen tank that 
exploded on Apollo 13 had originally 
been intended for Apollo 10.  What 
would have been the consequences for 
the lunar landing programme if the acci-
dent had happened to the flight before 
the scheduled moon landing mission, he 
wondered.

When asked about the need for future 
manned exploration, Gene Cernan said 
that the space programme had created 
many technologies that were in everyday 
use and that space exploration had more 
than repaid the financial investment.  Jim 
Lovell felt there was a balance to be struck 
between manned and unmanned flights 
– he noted that the Hubble telescope had 
needed human beings to actually visit it 
to correct the problems with it.

Neil Armstrong recalled that when 
they were flying to the Moon some 
40 years ago, everyone thought that 
humans would be walking on Mars 
within decades. 

They were agreed that the space pro-
gramme had changed humanity’s percep-
tion about their place in the universe – we 
are all on a spaceship called Earth with 
finite resources. 

A significant number in the audience 
were school or university students who 
were not even born when these events 
were played out.  Yet when the formal ses-
sion ended, everyone immediately rose to 
their feet to give the astronauts and avia-
tors a standing ovation.  For everyone, it 
had been a very special occasion.� ☐

Neil Armstrong, the first man on the Moon 
(left), and Gene Cernan, to date the last 
to walk on the Moon. Photo © Michael 
Cockerham.
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Should the Government pay as much attention to engineering advice as it does to scientific 
advice?  The question was debated at a meeting of the Foundation for Science and Technology on 
7 July 2009.

Turning ideas into reality
Phil Willis 

The Commons Select Committee 
on Innovation, Universities, 
Science and Skills (IUSS) with 
its huge remit – innovation, 

universities, science and skills – chose 
engineering as the subject of its first 
major inquiry because engineering will 
be a crucial tool as we tackle some of the 
largest challenges ever to face humanity.  
Engineering will be central to our ability 
to deal with issues such as climate change, 
energy security, food security and water 
supply.  

The recession has highlighted the 
importance of engineering to the UK’s 
economic health.  The economic down-
turn reminds us of the value of indus-
tries that build things rather than simply 
profits, and that provide employment 
opportunities on national scale.  As Lord 
Mandelson aptly put it: “If you really want 
to change the world, choose a career in 
engineering: I mean real engineering, 
not financial engineering.”  Engineering 
makes up between a quarter and a third 
of our GDP, through sectors such as 
construction, manufacturing, mining and 
quarrying and electricity, gas and water.

In addition to economic challenges, 
the UK has a huge future works pro-
gramme which relies upon a significant 
body of engineering expertise.  This pro-
gramme includes projects that are truly 
vast in scale: the 2012 Olympics; the 
planned Crossrail line for London with an 
estimated economic benefit of at least £36 
billion for the UK; the £45 billion ‘build-
ing schools for the future’ programme; 
and plans to build 240,000 new homes 
every year until 2016.

In order to match the predicted 
growth in jobs, the UK needs to increase 
the number of graduates with Science, 
Technology, Engineering and Mathematics 
(STEM) degrees from 13 per cent to 
around 25 per cent.  This will rely on 
getting young people interested in these 
subjects from a much younger age, and 
providing vastly improved careers advice 
to shape their subject choices early on.

Energy
The development of the UK’s energy 

sources also poses key challenges for the 
engineering industry. These include: the 
development of new nuclear power sta-
tions; the decommissioning of existing 
nuclear power facilities and nuclear waste 
disposal; the development of the UK’s 
energy generation infrastructure, includ-
ing renewable energy; and the mitigation 
of the effects of climate change such as 
building flood defences.

Another concern is the ‘Valley of 
Death’, that gap which separates univer-
sity spin-off companies from their goal 
of becoming commercially viable large 
employers, and which stubbornly resists 
our attempts to build bridges across it.

In this inquiry, we were also concerned 
that many employers were struggling to 
recruit engineers.  Many complained that 
there were too few high quality engineers 
and that they were leaving engineering to 
find money in the financial sector. 

The inquiry
The inquiry, Engineering – turning ideas 
into reality, was very thorough; the 
Committee received nearly 400 written 
submissions, held 13 evidence sessions 
and interviewed 86 witnesses.  We could 
not possibly cover all of engineering: it is 
just too big.  We decided instead to take a 
case study approach, exploring the issues 
through the ‘lenses’ of nuclear engineer-
ing, plastic electronics, geo-engineering 
and engineering in Government.   

The Government’s enthusiasm for 
nuclear power raises questions about the 
country’s capacity to deliver a new gen-
eration of power stations.  There are sig-
nificant skills shortages that could affect 
plans to bring new plants online by 2020.  
According to the UK Commission for 
Employment and Skills Ambition 2020 
report, for low, intermediate and high 
level skills the UK is currently 17th, 
18th and 12th respectively among OECD 
countries.  This is predicted to drop 
to 23rd, 21st and 10th by 2020.  This 
turn of events will affect every sector in 
the UK, but particularly growing areas 
like engineering.  We concluded that a 
‘master roadmap’ is needed for all major 
engineering projects, including nuclear 
new build.

The plastic electronics case study high-
lighted the potential opportunity afforded 
to the UK through the support of emerg-
ing, innovative industries.  Hailed as a 
disruptive technology, the UK research 
base in this area is world-class.  However, 
while the pioneering research into Plastic 
Electronics took place in Cambridge, the 
factory opened in Dresden.  We were 
concerned that the UK is likely to miss 
out on the economic return associated 
with translating the findings of research 
into commercialised technologies.  So we 
have called for a serious revision of the 
structures used to support the growth of 
fledgling industries.

The discussion of geo-engineering 
research really highlighted the global 
nature of many engineering challenges.  
The committee considered the implica-
tions for policy-making of a new engi-
neering discipline.  It became clear that, 
if the Government is to be an informed 
actor in the development of any future 
international policy relating to geo-engi-
neering, it is essential that the views of the 
science, engineering and social science 
communities be seen as complementary 
sources of expertise, and their advice 
actively sought and considered.

The final case study went further and 
demonstrated that engineering advice and 
scientific advice offer different things, and 
that this should be recognised in the pol-
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Building on success
John Browne

icy process.  We found that Government, 
in key policy areas of several depart-
ments, does not have sufficient in-house 
engineering expertise to act as an intel-
ligent customer.  Engineering advice is 
frequently not sought early enough dur-
ing policy formulation.  We were shocked 
to discover that engineering advice had 
been lacking in the formulation of poli-
cies as important and diverse as eco-
towns, renewable energy and large IT 
projects.

The Government responded to our 
report just last month.  And it is fair to say 
that it was generally very positive.  The 
Government agreed with our suggestion 
that ‘roadmaps’ are needed for all major 
engineering projects.  They agreed that 
more could be done to stimulate innova-
tion through Government procurement. 
They agreed that it would be sensible to 
make policy considerations for a plan B 
for tackling climate change – geo-engi-
neering – just in case plan A fails.  The 
Government also agreed on the need for 
more generalist engineers and that there 
should be a clearer understanding of who 
does what in terms of skills provision.

The Government also agreed with 
some of our suggestions on engineering in 
Government.  It agreed that there needs to 

be a better understanding of the expertise 
that we have currently in the civil serv-
ice.  We should recruit more experts into 
the science and engineering fast stream, 
distribute them more widely and provide 
real opportunities in career progression 
while retaining specialist skills.  And they 
agreed that links between the public and 
private sector need to be strengthened 
through secondments.

Disagreements
So, fundamentally, the Government agreed 
that engineering advice in policy making 
is absolutely crucial.  Unfortunately, they 
disagreed with us on how to maximise 
efforts and put engineering at the heart of 
Government policy.  At present, science 
and engineering advice is located with 
the Government Office for Science in the 
Department for Business, Innovation & 
Skills (BIS).  In our view:

GO-Science should be placed properly •	
in the heart of Government: in the 
Cabinet Office; 
the Government should have a Chief •	
Engineer to coordinate cross-depart-
mental engineering programmes; 
every Government department should •	
have a Chief Scientific Adviser, a 
Chief Engineering Adviser, or both.

Unfortunately, the Government said no to 
all three of these proposals.

Next steps
The response from the engineering com-
munity to the report has been very posi-
tive, and it was widely welcomed for 
identifying many of the issues that cause 
engineering to be under-represented and 
under-valued. 

So what is next?  We recommended 
that the Royal Academy of Engineering 
should continue the outstanding coordi-
native role that it took for the engineering 
community during our inquiry.  We also 
suggested that the Academy should be 
the first port of call for the Government 
when it is seeking engineering advice.  
The Academy is keen to live up to our 
challenge.

We need to raise our game in order 
to make sure that UK engineering is 
successful, so that UK plc can be suc-
cessful.  As a wise engineer once said: 
“The most important thing is to keep the 
most important thing the most important 
thing.”� ☐

Select Committee report:
www.publications.parliament.uk/pa/
cm200809/cmselect/cmdius/50/50i.pdf

The recession has been good for 
developing engineering skills, 
while turbulent for the world 
economy.  Even as the Select 

Committee was going about its business, 
admissions to most engineering courses 
at UK universities were rising significant-
ly – up to 15 per cent in the case of civil 
engineering.  The value of an engineering 
degree remains appreciated well beyond 
the profession – not least for its systems 
approach which can be applied in the 
City as much as in engineering design.  
Nonetheless, 89 per cent of employed 
engineering and technology graduates 
still go into engineering roles. 

In the UK today, about 13 per cent of 
GDP comes from manufacturing.  This 
has dropped from 31 per cent in 1977 but 
the whole nature of business and industry 
(and what is measured as ‘manufactur-
ing’) has changed in that time.  Indeed, 
the actual value of manufacturing output 
has continued to rise while the sector has 
changed; so despite the shockwaves of 

recession, the underlying strengths of the 
sector are firm. 

In terms of ‘value added’, UK manufac-
turing still lies sixth in the world rankings 

– just behind Italy and ahead of France.  
The industry is two and a half times as big 
as 50 years ago.  This is because we have 
concentrated on the high-technology and 
high-value areas in engineering while tra-
ditional heavy industries have declined. 

Engineering has never been confined 
to heavy industry, though.  It has always 
underpinned construction, but it also 
pervades sectors as diverse as aerospace 
and defence, electronic and electrical 
equipment, biotech and telecoms; as well 
as leisure and the media.  There are few 
companies listed in the FTSE 100 index 
that do not rely on engineering in some 
form: the Tesco Clubcard owes as much 
to engineering thinking and software as it 
does to business innovation. 

The UK remains strong in important 
areas: 

the iconic Watercube in Beijing, •	
shown on televisions around the 
world during the Olympics, was 
designed by Arup, a global company 
based in London; 
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the UK contributes about a third of •	
the total value of the Airbus A380 via 
the wings and engines.  In fact, the 
UK accounts for over 13 per cent of 
total global turnover in aerospace; 
the UK defence and security industry •	
punches well above its weight with a 
30 per cent share of the global market. 

At the individual level, the UK competes 
strongly in the new industries and wins 
on a global basis. Mike Lynch, a Fellow 
of the Royal Academy of Engineering 
and founder of Autonomy Corporation – 
now a FTSE 100 company – showed what 
could be done. 

We can draw a number of conclusions 
from this: 

engineering in the UK is in good •	
health, providing a firm base for going 
forward; 
UK engineering is seen as an exem-•	
plar around the world, even in coun-
tries like Japan and China. We have 
intellectual credit where it matters; 
this worldwide reputation makes •	
the UK an attractive place for global 
companies to do their R&D – Micro-
soft in Cambridge, Sharp in Oxford, 
and so on;
diversity is the key. •	

Engineering and science 
The Committee’s inquiry was into 
‘Engineering’, not ‘Science’.  Yet from my 
perspective, both are essential parts of 
an innovation spectrum.  Engineering 
has two faces, much like the Roman god 
Janus.  One faces the sciences, the other 
faces commerce and finance.  Engineering 
understands both and translates between 
the two. 

It deploys the fruits of science in creat-
ing the products and services with which 
commerce can create wealth. At the same 
time it translates the needs of commerce 
into research opportunities. 

Engineers, in short, are concerned 
with ‘practice’.  Engineering is about solv-
ing the world’s great 21st century chal-
lenges: 

providing practical solutions to cli-•	
mate change and energy needs; 
providing infrastructure of many •	
kinds to defeat the underlying causes 
of poverty; 
aiding improvements to health and •	
wellbeing. 

Lord Darzi, Health Minister from 2007 to 
2009 and Honorary Fellow of the Royal 
Academy of Engineering, is himself an 
ardent enthusiast for what engineering 
can do for medicine.  This helped him 
become a world leader in micro-surgery. 

Engaging with Government
One important result of the Committee’s 
inquiry is its suggestion that Government 
has much to gain by closer collabora-
tion with engineering.  Engineers are 
taught to think in terms of systems, to 
be pragmatic, to think of delivery in the 
real world.  They also understand project 
management.  Those skills are needed 
in Government now as never before, as 
the Committee and Government both 
acknowledge. 

The Royal Academy of Engineering, 
together with the engineering institutions, 
now has a close working relationship 
with John Beddington and his team of 
Departmental Chief Scientific Advisers.  
As an engineering community, we are 
helping to provide expert advice on topics 
as diverse as critical infrastructure resil-
ience and global water security.  Looking 
forward, we expect to bring this engineer-
ing advice to an ever-increasing range of 
policies and Government objectives.  I 
take it as a huge vote of confidence that 
the engineering community was asked 
to contribute to the Severn Tidal Power 
study at an early stage, providing valu-
able advice on what could lead to a £20 

billion project.  This is probably the larg-
est engineering project the UK will have 
ever seen. 

Good scientific advice does not exist 
in a vacuum and neither does engineer-
ing advice.  Good policy needs both and 
should not pay too much attention to 
the boundaries between them.  They are 
complementary. 

The Committee’s report recognises the 
breadth and diversity of the engineering 
profession.  Our rich history has left us 
the legacy of 36 professional engineering 
institutions, all providing for separate 
constituencies – similar to many other 
professions with a long history.  There 
have been calls for rationalisation and 
if we were starting with a clean slate we 
almost certainly would not structure the 
profession as it is now.  However, I see no 
profit in pursuing that course in the short 
term.  I am glad the report accepts the 
shape of the profession we currently have.  
What is far more important is that we 
work together, speak with a unified voice, 
and provide a coherent source of advice 
to both Government and the public. 

The Academy fully accepts the 
Committee’s recommendation that it 
should take forward and formalise its 
leadership role so that the community can 
communicate – and coordinate – more 
effectively.  A unified voice of engineering 
is important in helping Government in its 
policy development and deployment, but 
is critical to our relationship with society 
in general. 

Today there are great opportunities 
for engineering to play a part in a UK 
and global economic recovery – not least 
in low-carbon developments.  The base 
already exists in this country.  A low-car-
bon revolution, especially in the waters 
off our coasts, is a prize to be won.  It is 
time for the Government, UK businesses 
and engineering to work together on 
reaching this goal. � ☐

At the forefront of the global market
Dick Olver 

Despite the widespread tenden-
cy to regard the UK as prima-
rily a services-based economy, 
engineering remains at the 

heart of our current and future eco-
nomic performance.  What is more, as 
the Select Committee’s report recognises, 
engineering is pivotal not just to our 
economy, but to the very fabric of our 
society.  The downturn has not changed 

the vital importance of engineering one 
iota.  Indeed, most people do not realise 
that UK manufacturing industry contrib-
utes more to the country’s GDP than the 
financial services sector. 

What is more, the importance of engi-
neering to the UK will increase in coming 
years, with engineers at the front line in 
meeting the critical challenges now fac-
ing mankind.  Only through world-class 

engineering can the UK and the world 
hope to halt the deterioration of our 
ecosystems, and navigate our societies 
towards sustainable development. 

In the years to come, the search for 
alternative and sustainable sources of 
energy, water and food, will demand new 
skills and technologies, as well as a greater 
number of qualified engineers.  These 
shifts bring UK industry a real opportu-
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nity for world leadership.  I agree with 
the Select Committee that, to make the 
most of this opportunity, we will need a 
‘clear and sustained’ national strategy for 
engineering. 

Today, we are looking at a complete 
restructuring of the British economy 
with, for example, the rise of lower- 
carbon industries and technologies.  As 
the Select Committee says in its report, 
while the current economic crisis creates 
short-term challenges for UK engineer-
ing it also opens up massive longer-term 
opportunities. 

To compete successfully through and 
beyond this global recession, UK engineer-
ing and manufacturing now need to focus 
on where and how we can compete most 
effectively in the global market.  Yet how 
can we do that, when statistics show that it 
can be up to 20 times cheaper to produce 
goods in China or India than in the UK?  
Well, the key to future economic success is 
not about cornering the market in manu-
facturing, but in talent and Intellectual 
Property.  This is why the Chinese are 
trying to build educational institutions to 
rival Oxford and Harvard. It is also why 
India and China want to keep more of 
their top graduates at home, instead of see-
ing them migrate to the West.

Competitive advantage
The UK has competitive advantage over 
many other countries in the race to be a 
leader in Intellectual Property and inno-
vative talent.  We are already a world-
leading exporter of high-tech goods and 
continue to outperform many of our 
competitors in the developed world.  In 
2006, 25 per cent of the goods exported 
from the UK were classified as high-tech, 
compared to 22 per cent from the USA, 
15 per cent from France and 11 per cent 
from Germany.  What is more, we have a 

highly educated workforce, and our econ-
omy is underpinned by a global business 
culture, infrastructure and relationships.  
Our legal system is admired and applied 
worldwide to support business contracts 
and protect intellectual property.  We also 
have a history of entrepreneurial growth 
and innovation, plus a high-tech infra-
structure base.

Perhaps most importantly, we have a 
history of achieving great things without 
significant resources or a large popula-
tion: in other words, a history of winning 
worldwide purely through know-how.  
This is our real competitive advantage! 

Future success could come in areas of 
technology where the UK has already set 
the pace, ranging from pharmaceuticals 
to unmanned aircraft, from silicon design 
to geo-engineering and from fuel cells to 
plastic electronics.  It could also come on 
the new frontiers, such as: information 
and communication technology; cyber 
security and the opportunities created 
by the new security industry sector; bio-
technology; new sources of energy; and 
nanotechnology.  In every case, the key 
differentiator for success is high value-
add, not low manufacturing costs. 

However, as the Inquiry report rightly 
points out, UK engineering does face real 
challenges, most notably a shortage of the 
skills needed to sustain world leadership.   
To sustain the role of engineering and sci-
ence as the driving-force behind the UK 
economy, we need to ensure that world 
class scientists, engineers and technicians 
are developed through the UK education 
system.  Currently, however, demand for 
these skilled people far outstrips supply.  
Closing this gap requires not just change 
in the educational system, but in society’s 
view of engineers and engineering. 

True, we must work collectively both 
to encourage the successful study of 
Science, Technology, Engineering and 
Mathematics (STEM subjects).  But we 
must also confront the deeper social issue 
that ours is an economy and society 
where engineering has long been under-
valued.  To attract our brightest people 
into STEM-related careers, we need to 
build far deeper and wider understand-
ing, recognition and support for the 
achievements of the science and engi-
neering communities, highlighting their 
attractiveness as a career choice for the 
most capable people.  

Diversity
What is more, the engineering industry’s 
skills gap is not purely due to external 
factors.  We also need to take a long, 

hard look at ourselves.  For example, 
one glaring reason for the skills shortage 
is the lack of diversity among qualified 
engineers.  The Select Committee high-
lights that women account for only 2 per 
cent of engineering apprentices, and only 
14 per cent of engineering graduates — 
compared with over 60 per cent in other 
subjects. 

Equally alarming is the statistic that 
only 4 per cent of engineering apprentices 
come from ethnic minority backgrounds.  
Put simply, the UK engineering industry 
is missing out on a massive amount of 
talent, as well as failing to reflect the 
diversity of UK society. 

As well as training more qualified 
engineers, attention also needs to be 
given further down the skills hierarchy.  
In 2006, the Leitch Report presented a 
gloomy assessment of skills in the UK 
workplace, with one employee in five 
facing problems of basic literacy and 
numeracy.  It went on to recommend 
tough improvement targets to ensure the 
UK remains globally competitive.  

As we in the UK seek to improve our 
skills base, the good news is that we have 
three key strengths to draw on. 

The first is a growing commitment 
to engineering skills in the partnership 
between Government, industry and 
education.  A good example of this is 
the creation of the UK Commission for 
Employment and Skills, an employer-
led organisation that will help drive 
Government skills policy and funding.  
A further positive collaborative develop-
ment is the revitalisation of the UK’s 
apprenticeship system. There are now 
a quarter of a million apprenticeships a 
year. 

The UK’s second strength is the world-
class engineering research in our uni-
versities. The December 2008 Research 
Assessment Exercise (RAE) rated between 
15 and 20 per cent of our university 
engineering-related research as ‘world 
leading’.   However, we could do even 
more if we followed President Obama’s 
example in the USA and made invest-
ment in critical emerging technologies 
part of our economic stimulus package, 
positioning research as a ‘once in a gen-
eration opportunity’ to strengthen our 
future capabilities. 

The UK’s third strength is an increas-
ing focus on engaging school-age pupils 
with STEM careers. 

What do these efforts mean for the 
UK?  We are at our strongest when com-
peting not on price, but on innovative 
value-add. In the future, with the right 
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skills in place, we can pinpoint where and 
how we can apply this edge most effec-
tively in the global market. 

And, at the risk of talking up my own 
business, one of those areas where we 
can compete and indeed already have 
a proven world-class presence is in the 
aerospace, security and defence sector. 

Aerospace and defence
This is an industry that we must not take 
for granted. In the Committee’s report and 
the Government’s response, we do appreci-
ate the focus on specialist disciplines such 
as plastic engineering, geo-engineering and 
nuclear engineering.  However, nothing is 
said about aerospace and defence.  This is 
both surprising and disappointing.  

It goes without saying that this industry 
is core to our country’s armed forces, and 
to UK’s ability to defend its national secu-
rity and strategic interests. But its impor-
tance goes much further and deeper. 

The industry is a major high-value 
contributor to the UK economy, creat-
ing thousands of jobs directly and in its 
supply chain, and achieving consistent 
success in export markets.  In addition, 
the industry supports and fosters skills 
and innovation: BAE Systems is the UK’s 
largest employer of qualified engineers.  It 
is also an industry that is actively seeking 
our new opportunities. For example, in 
recent years it has begun to take the lead 
in the fast-growing global market for elec-
tronic security and personal identity serv-

ices.  World-class science, technology and 
engineering capabilities will be critical for 
maintaining and growing that lead. 

Summary
In my view, our country depends on 
a strong and vibrant engineering sec-
tor as much as ever.  Industry is com-
mitted to working in partnership with 
Government and the education system 
to build and sustain the world-class skills 
and research base that will keep our 
engineering businesses globally com-
petitive.  We believe there is a powerful 
argument for a Government-led national 
engineering strategy to ensure engineer-
ing is given the priority it needs and 
deserves. � ☐

The Government has formally responded to the report.  Lord Drayson, Minister for Science and 
Innovation at the Department for Business, Innovation and Skills (BIS), reflected on the discussion 
that took place at the Foundation’s meeting. 

A need for reliable and authoritative 
advice

Paul Drayson

The Government welcomes the 
Committee’s report and its sup-
port for the UK’s world class 
engineering base.  Our response 

shows that there is agreement with the 
Committee’s views – for example, our 
explicit acknowledgement that engineer-
ing advice is key to good policy and 
delivery in a huge range of areas, from 
tidal power to medicine.  We also value 
the focus provided by the Royal Academy 
of Engineering in acting as a conduit for 
advice to Government from the engineer-
ing community.  I should also say how 
helpful it has been over recent years for 
the engineering institutions to work more 
closely together to produce coordinated 
and coherent advice: what we need in 
Government is reliable and authoritative 
advice that we can use to make decisions. 

I was very pleased to learn that overall 
the discussion during the Foundation’s 
meeting was so positive and constructive.  
That said, we do need to guard against 
slipping back – the engineering commu-
nity must continue to work together (and 
at times with the science community) to 
provide the coherent advice Government 
needs.  In this context, I remain convinced 
that it is more helpful to see science and 
engineering as a continuum of knowledge 
rather than separate worlds.  It will also 

be important to focus the community’s 
energies on providing advice on the key 
challenges we face nationally and interna-
tionally, and to avoid being distracted by 
minor issues of process and structure. 

In tackling the seemingly eternal prob-
lem of the perceived status of engineers in 
the UK, I think it is important for the key 
players to focus on the contributions they 
can make; in particular, for both academ-
ics and employers to redouble their efforts 
to dispel the negative mythology about 

engineering.  We need to get the message 
out to young people making decisions 
about their futures that engineering is a 
singularly rewarding field offering intel-
lectual stimulation and challenge, as well 
as hugely interesting and rewarding pro-
fessional career prospects – suitable for 
both men and women. 

It is also important not to confuse the 
rising generations of potential engineers 
(and scientists) by arguing too strongly 
for one branch of engineering over anoth-
er, or even for engineering over science.  
Most people who pursue careers in engi-
neering (and science) will wind up work-
ing in multi-disciplinary teams where 
success will depend on the effective con-
tributions of people from different dis-
ciplines.  I believe that these approaches 
offer the best prospect of attracting more 
of the brightest and best in the country 
to pursue engineering qualifications and 
careers. 

I look forward to reading the 
committee’s next report on Putting 
Science and Engineering at the heart of 
Government Policy – and in due course 
to the Foundation’s deliberations on the 
Government’s response to it. � ☐
Government response to IUSS Committee 
report: www.publications.parliament.uk/
pa/cm200809/cmselect/cmdius/759/759.pdf
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As the UK exits recession, what will drive the recovery?  The role of science and innovation part-
nerships was considered at a meeting of the Foundation held at Queen’s University Belfast on  
7 October 2009.

The key partnerships to deliver innovation
Peter Gregson

The Secretary General of the 
Commonwealth, and now 
Chancellor of Queen’s, Kamalesh 
Sharma, describes knowledge as 

“the currency of the 21st century”.  That 
idea is at the heart of this debate.    

At the outset, I would like to draw 
attention to two features of the econo-
my in Northern Ireland.  First, it is led 
by small- to medium-sized enterprises 
(SMEs), with the emphasis on small: 
99 per cent of companies in this part of 
the island employ fewer than 50 people.  
Second, the industrial structure is dif-
ferent from the rest of the UK – we have 
much less in the way of business services 
but more in education, manufacturing, 
retail, construction, public administra-
tion, agriculture and health. 

In Northern Ireland we face four key 
challenges:

rebalancing the economy through •	
private sector growth and  public 
administration reform;
maintaining and developing our •	
strong manufacturing base;
addressing new and emerging markets •	
such as information technology and 
personalised medicine;
building a strong, value-added •	
agrifood sector with a continuing 
emphasis on exports. 

The key partners are universities, busi-
ness and Government.  They must work 
together to develop a cycle of innova-
tion.  In a perfect world, universities 
would create and disseminate knowl-
edge, businesses would generate wealth 
and thereby improve quality of life, and 
Government would create an environ-
ment that encourages business and sus-
tains universities.  However, we do not 
live in a perfect world; moreover, the rug 
has been pulled out from under our feet 
by  the global recession. 

Maximising resources
The recession has had three main 
impacts: a decrease in funds for invest-
ment; a shrinking of markets; and fiercer 
competition.  For universities and busi-
nesses, the decrease in funds has meant 

an increase in partnership-working and 
collaboration as a way of maximising our 
use of existing resources.  For example, 
the White Rose University Consortium 
draws together the universities of Leeds, 
Sheffield and York, and works very effec-
tively with Yorkshire Forward, their 
Regional Development Agency.  

Here at Queen’s University Belfast, 
we have worked closely with Invest NI 
to develop many business-university col-
laborations including the outstandingly 
successful Northern Ireland Centre for 
Entrepreneurship which provides entre-
preneurship education within the curric-
ulum for all undergraduate students.  A 
related partnership with Trinity College 
Dublin and University College Dublin 
will change the nature of graduate educa-
tion across the three universities and help 
to embed innovation in the postgraduate 
curriculum.  

Business partnerships also increase.  
Some businesses will embark on joint 
marketing and development programmes; 
others will go further still and explore 
joint ventures and mergers.  In Northern 
Ireland, a joint venture between Rolls 
Royce and Goodrich led to the formation 
of Aero Engine Controls.  This gives Rolls 
Royce an in-house capability – control of 
aero engines – that had hitherto been 
part of their supply chain.  Incidentally, 
this example also shows how recession 
concentrates supply chains. 

Governments in Belfast and Dublin 
have been very active in supporting part-
nerships and collaborations; examples 
include the Department for Employment 

and Learning All-island Research 
Programme, the Higher Education 
Authority Programme for Research in 
Third Level Institutions and the Science 
Foundation Ireland Centres for Science, 
Engineering and Technology.

Shrinking markets and fiercer com-
petition mean that we must use knowl-
edge to improve our products and serv-
ices, and so enable us to move up the 
value chain and increase the range and 
size of our markets.  Business is very 
adept at accessing new knowledge, as 
exemplified by the Queen’s Ionic Liquids 
Laboratory in the School of Chemistry 
and Chemical Engineering, which is sup-
ported by Petronas.  Another example is 
the recently launched Queen’s-Seagate 
University Technology Centre.  Both of 
these follow the model set by the Rolls 
Royce University Technology Centres, 
which are perhaps the best exemplars in 
this field.  

For their part, universities work hard 
to improve communication and increase 
interaction with industry and business.  
Universities are also involved in spin-
ning out their own technologies.  Andor 
Technology, which was floated on the 
London Stock Exchange’s Alternative 
Investment Market (AIM) nearly four 
years ago, and Kainos are just two of the 
spin-off companies from Queen’s.  Our 
spin-out companies now contribute over 
£100 million into the Northern Ireland 
economy every year, and provide more 
than 1,000 high value jobs. 

The Government has also stepped up 
to the plate.  We, in Northern Ireland, 
were the beneficiaries of a very crea-
tive project, the Special Programme 
for University Research.  This project 
underpinned the remarkable develop-
ment of our Centre for Cancer Research 
& Cell Biology and our unique Sonic 
Arts Research Centre. 

Furthermore, Queen’s University 
Belfast has been selected to lead one of the 
two Innovation and Knowledge Centres 
in the UK,  supported by the Engineering 
and Physical Sciences Research Council 
and the Technology Strategy Board.  
The contract for our Centre for Secure 
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Finding the right niche
Eoin O’Driscoll

Information Technologies is the larg-
est research investment  ever awarded 
to Northern Ireland.  It will enable us 
to attract more talent to Queen’s and 
ensure the future of our companies in 
this important field.  

Partnership in practice
I would like to conclude with an example 
from medicine that illustrates how the 
three key partners in Northern Ireland 
— Government, business and universi-

ties — can collaborate to make the inno-
vation cycle work.  First, the Department 
of Health, Social Services and Public 
Safety invested £80 million to build 
a new Cancer Care Centre at Belfast 
City Hospital.  This was a core element 
of a major programme of change and 
development in cancer services across 
Northern Ireland.  

Second, Queen’s University Belfast, 
together with support from the 
Government, invested £25 million in the 

Queen’s Centre for Cancer Research & 
Cell Biology.  The centre now contains 
300 international clinical scientists who 
are committed to the highest quality of 
research excellence.  It is the only unit 
in the world to be recognised as a cen-
tre of excellence by both the National 
Cancer Institute in the USA and Cancer 
Research UK.  

The third, and most important, 
investment came from the business com-
munity; the   Almac Group has invested 
£200 million to support new work in the 
fields of drug discovery and personal-
ised medicine.  The university’s work 
in cancer research, cell biology, ana-
lytical chemistry, biomedical informatics 
and medicinal chemistry is aligned with 
Almac’s businesses – diagnostics, scienc-
es, clinical services, clinical technologies 
and pharma services.  Is it sustainable?  
In this case, I believe it is, because we 
have business, Government and univer-
sity working together, and further joint 
investments are being discussed and will 
surely follow.   

Universities are in a pivotal posi-
tion to support business-led science and 
innovation partnerships.  If knowledge is 
the currency of the 21st century, then sci-
ence and innovation partnerships could 
be the banking system of the future.  
However, much will depend on the lead 
from business.� ☐

Over the past two decades 
Ireland, with its favourable 
tax regime, has attracted high-
growth US companies in ICT 

(information and communications tech-
nology), pharmaceuticals and internation-
ally-traded services.  This foreign direct 
investment resulted in a large expansion 
of exports and Ireland joined the top rank 
of countries in terms of GDP per capita.  

The dramatic growth in exports 
helped to fuel a consumer and con-
struction boom, which was then further 
accelerated by cheap credit and reckless 
lending.  During the boom, energy costs, 
professional fees, wages and salaries all 
rose at a rate far above that of our trad-
ing partners and we lost our interna-
tional competitiveness.  Government 
spending grew rapidly, funded by a surge 
in transaction-based taxes.  When the 

international credit crisis struck, credit 
tightened, transactions stopped and tax 
receipts collapsed.  The gap between 
spending and taxes widened and we are 

now faced with a very large hole in 
Government finances.

What do we do now? 
First, we must cut our costs.  This is 
necessary to allow us to survive, but it is 
not sufficient to allow us to thrive.  As a 
small, open economy we can only thrive 
if we have export-led growth.  Achieving 
this growth in a highly competitive glo-
balised world will present challenges.  We 
now face more intense competition and 
our ‘temporary monopoly’ in attracting 
mobile foreign direct investment is no 
longer a sustainable strategy for economic 
growth.  To thrive in the new competitive 
landscape we must create new ‘temporary 
monopolies’ to replace the tax-based one 
– the source of our growth in exports.

We need to create temporary monop-
olies based on knowledge and intellec-
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tual property (intellectual property rights 
are in reality state-enforced temporary 
monopolies).  As a small, open economy 
we must focus on niche areas where 
we can develop and exploit comparative 
advantage.  A well-educated workforce, 
a strong base of leading high tech com-
panies as well as recent investments in 
science technology and innovation all 
position Ireland to build comparative 
advantage based on knowledge. 

We should select niche areas that 
play to our strengths and that capitalise 
on our existing investments.  We can 
build comparative advantage by using 
our excellent natural resources in the 
areas of wind and wave.  We have a grow-
ing applied research base in ‘green tech’ 
with strong centres of excellence such 
as the Tyndall Institute, ERC at UCD 
and the Marine Energy Research Centre 
in Cork.  We are now putting in place 
the necessary piloting and prototyping 
infrastructure such as SmartBay Galway, 
which carries out work on oceanographic 
monitoring, to allow us to take advantage 
of the enormous natural resource we 
have on our doorstep.  

We can build comparative advantage 
in niche areas based on our research 
capability.  Ireland has strong research 
capability in photonics and optics and 
we are now creating leading companies 
in these fields, such as Intune and SensL.  
We can also build comparative advantage 
based on collaboration and interdiscipli-
nary research.  As home to 13 of the top 
15 pharmaceutical companies, 15 of the 
world’s top medical device companies, 
eight of the 10 top ICT companies, with 
world-class food and agribusinesses, we 
are well positioned to seize opportunities 
based on the convergence of ICT and 
biotechnology.

In these and other niche knowledge 
areas, we can achieve growth by develop-
ing and delivering goods and services 
that provide value for customers in inter-
national markets.  As a relatively high-
wage economy, we will never compete 
on the basis of cost – we must compete 

on the basis of value.  Thriving is about 
creating unique and sustainable competi-
tive positions; it is about knowing and 
understanding customer needs; it is then 
about using knowledge, skills and exper-
tise to satisfy those needs in a superior, 
differentiated way so that we can extract 
a premium for the products and services 
that we provide.  Only by doing this can 
we avoid a race to the bottom. 

Science Foundation Ireland, the Irish 
Research Council for Science Engineering 
and Technology and the Programme for 
Research in Third Level Institutions, have 
transformed the research landscape at 
Irish universities.  We now need to build 
on this to position Ireland to compete 
based on knowledge.  Merely providing a 
manufacturing base for the ideas of others 
will not sustain our ambition for growth. 

Meeting customer needs
To provide value for customers, organisa-
tions need to satisfy real customer needs.  
Here we need to invest in understanding 
the dynamics of markets – how to inter-
pret customer requirements and how to 
satisfy them with innovative products 
and services.  

This kind of approach is exemplified 
by Apple.  They recognised that custom-
ers wanted easy access to their music 
anywhere and at any time, and they 
responded with the iPod.  This product 
is an excellent example of the innova-
tive use of existing technology.  Apple 
took standard electronic components – 
memory, a display and some plastics, 
and created a new product which cost 
less than $150 to manufacture but could 
be sold for $300.  Apple identified a cus-
tomer need and satisfied that need in a 
superior way.

A lesser-known example is that of 
Keenan Brothers, a small Irish com-
pany.  They sell mixer wagons, which 
are attached to tractors and are used to 
mix and distribute cattle feed.  Keenan 
Brothers have approximately 15,000 cus-
tomers worldwide.  They manufacture the 
mixer wagons but create value by selling 

them as part of an innovative nutrition 
solution to world-leading farmers.  They 
discovered that their customers wanted 
nutrition solutions that would produce 
higher milk yields and better beef quality.  
So they integrated nutritionists into their 
sales force and established a technology 
advisory board that included a professor 
of animal genetics, a professor of animal 
nutrition and a professor of mechanical 
engineering.  Keenan Brothers is now a 
leader in their field, shipping to over 50 
countries.  As a company, they under-
stood their customers’ needs and sought 
the help of universities to create innova-
tive technology that met those needs in a 
superior, differentiated way.

Integrating research with the market
To foster entrepreneurship and innova-
tion in niche knowledge areas we must 
find ways to integrate research with the 
market.  This is not a linear process but 
one that requires complex interactions 
between those who produce ideas and 
those who commercialise them.  Peter 
Day, business correspondent with the 
BBC, speaking at a Science Foundation 
Ireland conference  last year, summed up 
the process of innovation well  when he 
said: “It’s from the friction developed by 
the real world rubbing up against a clever 
brain that can see the goods and serv-
ices people need.”  We need to foster this 
friction through more applied research 
and by increasing the mobility of our 
researchers so that they rotate in and out 
of industry.  Without this we are unlikely 
to get the full economic benefits of our 
investment in research.

Writing in 1947, Frederick Terman, 
Dean of Engineering at Stanford 
University, said: “A strong and inde-
pendent industry must, however, develop 
its own intellectual resources of science 
and technology, for industry activity that 
depends upon imported brains and sec-
ond-hand ideas cannot hope to be more 
than a vassal that pays tribute to its over-
lords and is permanently condemned 
to an inferior competitive position.”  
His message to California is relevant to 
Ireland today.  

In the Republic of Ireland we now 
have an opportunity to build on the 
progress we achieved through foreign 
investment by taking responsibility for 
our own destiny and using knowledge 
as the way forward.  If we do this, we 
can build on our success in manufactur-
ing and internationally-traded services to 
develop new niche knowledge areas based 
on science and technology.� ☐

Small- and medium-sized enterprises

Speakers observed that individuals developing successful but relatively small busi-
nesses were often content to stay in a comfort zone, continuing with an agreeable 
lifestyle and retaining personal control.  A speaker from the SME sector responded 
that once such a business became too prominent, it was regarded by bigger cor-
porate players as potential prey.  On the other hand, an entrepreneur with expe-
rience of American as well as European business observed that developments in 
Silicon Valley and elsewhere pointed to the overall benefits of an ‘exit strategy’.
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The Technology Strategy Board 
(TSB) is an organisation of 96 
people with a total of over 1,200 
years of business experience.  

The TSB is not just a funding agency; it is 
an innovation agency that brings together 
different funding mechanisms through 
partnerships and networks.  Our motto, 
‘Connect and catalyse’, sums it up: we 
connect businesses with other businesses, 
businesses with academia and businesses 
with Government. 

Although we are a publicly-funded 
body sponsored by the Department for 
Business, Innovation and Skills (BIS), 
we understand the needs of business and 
the decision-making processes that have 
been taking place in businesses around 
the UK over the past 12 months. 

We were set up with a budget of £1 
billion over a three-year period.  We dis-
tribute funding but are also involved in a 
range of other activities.  We support the 
full spectrum of businesses, from manu-
facturing through to healthcare, infor-
mation communication technology, the 
creative industries and the financial serv-
ices sector.  We also support all sizes of 
business, from large multinational corpo-
rations through SMEs (small to medium 
enterprises) and down to micro-business-
es employing five to 10 people. 

Growing the businesses of tomorrow
One of our roles is to examine initiatives 
which ensure that large corporations keep 
their research and development base in 
the UK.  We want to identify emerging 
technologies and grow them into the 
businesses of tomorrow.  We are also 
looking for ways to support SMEs.  Over 
65 per cent of the funds that we distribute 
go to SMEs. 

However, we receive many requests for 
funds and we must make choices.  To do 
so we ask a number of questions.  Is there 
a market for the product or service?  Is 
the UK ready to exploit that market?  Will 
the product or service be available within 
a timescale that will ensure the business 
benefits from it?  Can the Technology 
Strategy Board make a difference?  Those 
are our key criteria.

Over the past 12 months we have 
had to make some particularly difficult 
choices.  Our first priority was to focus on 
low-carbon and ultra-low-carbon vehi-
cles, low-impact buildings and ‘green’ 
manufacturing.  Our second priority was 

the digital economy, with a focus on 
bringing together the creative industries 
and the electronics sector.  Our third 
priority has been healthcare, in particular 
stem cell and regenerative medicine.  

We secured an additional £50 million 
of funding over a two-year period, part of 
which is being used to support the develop-
ment of low-carbon vehicles and a low-car-
bon vehicle demonstrator programme.  We 
also fund work into low-impact buildings, 
including £10 million for a competition to 
retrofit older buildings with new ‘green’ 
technology.  Digital Britain received £10 
million and we are responsible for manag-
ing the UK Digital Test Bed.  Finally, we 
distributed £11 million to healthcare and 
£30 million to high-value manufacturing.  
Much of our investment is matched on a 
50:50 basis by the private sector.

Collaborative R&D
Through our collaborative research and 

development model, we engage with some 
1,500 businesses.  Our knowledge trans-
fer network (KTN) model involves 57,000 
businesses and our knowledge transfer 
partnership (KTP) model covers 1,000 
businesses.  Connecting business with 
business and creating consortia around 
business is a key part of what we do. 

Brokering relationships between busi-
ness and different Government depart-
ments is another important role for us.  
We have established relationships with 
chief scientific advisers, innovation teams 
and the people who control the budgets 
of different departments.  We work with 
the Ministry of Defence, the Department 
of Health, the Department for Transport, 
the Department for Energy and Climate 
Change (DECC), as well as Communities 
and Local Government (CLG).  We also 
have strong links with two new cross-func-
tional offices: the Office of Life Sciences 
and the Office for Low Emission Vehicles. 
We also work with the research com-
munity and the Research Councils, and 
other organisations such as the Energy 
Technologies Institute and the British 
National Space Centre. 

We use an innovation platform model 
to create a framework within which a par-
ticular challenge, for example introducing 
low-carbon demonstrator vehicles into 
the UK, is defined.  From this framework 
we hang a number of initiatives that will 
help UK business.  Together , these initia-
tives will make a real and sustained differ-
ence to our economy.� ☐
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The digital revolution is changing the way we work and play.  Penetration of the web is very high 
in the UK but connection speeds are well below other nations.  How can we bridge the gap?  The 
topic was considered at a meeting of the Foundation on 14 October 2009.

The Digital Britain report 
Dominic Morris

The final report of Digital Britain 
was presented to Parliament in 
June 2009 by the Departments 
for Business, Innovation and 

Skills (BIS) and Culture, Media and Sport 
(DCMS).  It is one of the central poli-
cy commitments in the Government’s 
Building Britain’s Future plan and draft 
legislative programme.

In a way, the Digital Britain report was 
the first application of the ‘new industry, 
new jobs’ policy and ‘industrial activism’.  
Other sectors, such as the lifesciences, 
low carbon and advanced manufactur-
ing are similar and being given similar 
treatment.

The development, application and use 
of digital technology underpin nearly 
everything that takes place in the econ-
omy, from financial transactions in the 
City, to 90 percent of purchases on the 
high street.  Fully £1 in every £5 is trans-
acted through e-commerce.  In medicine, 
the NHS has the largest data and com-
munications system in Europe.

Digital Britain sought to provide a 
snapshot of a sector as we move from 
analogue to digital, or at least from one 
generation of digital technologies to the 
next. 

Drivers
The process is being driven partly by the 
national transition in radio and TV.  It 
is also driven by the availability of fixed 
line technologies where, despite fibre, a 
surprising amount of technology is still 
analogue or very much first generation 
digital.

Mobile is mostly now 3G, but is getting 
ready to move to Long Term Evolution 
(LTE).  This is the next generation which 
will give relatively high-speed broadband 
‘on the move’.  Five years ago, six times 
more voice than data was transmitted.  
This ratio will be reversed in two or three 
years. 

We are seeing a growth in storage and 
processing power, and the ‘death of dis-
tance’.  One broadcaster used to transmit 
to many people; now, many transmit to 
many and broadcasting is participatory.  
There are thousands of blogs, tweets and 

You Tube clips.   Anyone can be their 
own content provider.  Public services are 
delivered online, so everyone must have 
access to suitable infrastructure.

Infrastructure
The Digital Britain report covered com-
munications infrastructure.  There has 
been a log-jam in mobile phone technol-
ogy since about 2003-4, preventing future 
growth.  However, we are now seeing 
demand for the first wholly-fixed net-
work for more than 50 years.  

Take-up of digital TV is about 92 per-
cent, but we have to move radio from ana-
logue to digital as well.  The Australians 
are spending billions of dollars on high 
speed transport, communications net-
works and ‘home on the move’.  So are 
New Zealand, Scandinavia, France, the 
USA through President Obama’s stimu-
lus package, Japan, Korea, the rest of 
the Far East, and so on.  In the words of 
the Cranberries band, “Everybody else is 
doing it, why can’t we?”

The take-up of broadband is still only 
60-65 percent.   We are now moving from 
a point where it was an advantage to be 
connected to one where not having it is a 
social and economic disadvantage.  That 
is economically inefficient and socially 
unjust.  Yet getting people to realise that 
this is what they want is a challenge.  We 

must make it available everywhere.   At 
the moment, about 85 percent of houses 
in this country have download speeds 
necessary for viewing the iPlayer.  Our 
ambition is to have iPlayer level, for eve-
rybody, by 2012.  After that, the target is 
to ensure that about 90 percent of people 
have 40MB-plus speeds by 2016-17.

Delivery
Digital content will be delivered through 
economic models that are fundamentally 
different from those of infrastructure.  
We have begun to think about new mod-
els with lower production costs, aggrega-
tion and micro-payments.

All of those, however, require rights 
protection in order to succeed.  We want 
to see a number of legitimate, low-cost 
businesses thriving in delivering down-
loads that consumers want and can get.  
They have to be able to compete, and so 
will need rights protection in order to 
work.  There is also a further set of issues 
concerning consumer protection.  

As far as institutional reform and 
security go, governance and power are 
shifting from the American founders of 
the Net to the European Union.  Britain 
is taking its role in the International 
Internet Governance Forum. 

We have got to be both smarter at 
delivery of services and smarter at pro-
curement.  Our aim is not just govern-
ment on the web, but government of the 
web. 

Engagement
Digital Britain was produced with a great 
deal of stakeholder engagement.  We 
listened to many people and held Digital 
Britain ‘unconferences’ (an inelegant 
name but a means that saved the taxpayer 
money).  There were no Government-
funded biscuits, tea or hall hire.  We just 
asked people to go and form themselves 
into communities of interest and tell us 
what they concluded.  

While they did not come up with any-
thing startling, neither did they respond 
on purely conventional issues.  So this 
approach may be worth trying for other 
Government and public consultations.
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To be or not to be a digital Britain?
Wendy Hall

Since the report, we have started 
working on the infrastructure.  We have 
formed a company limited by guarantee; 
we have the directors’ forum for getting 
the universal service out by 2012; we 
have the money.  The infrastructure will 
provide us with next generation networks 
of some quality.  The tender will, I hope, 
happen in spring 2010.  

We identified many other issues in 
the report:  challenges about personal 
identity, identity theft, high speed trans-
port common infrastructures, and so on.  
These will be dealt with in the next 
Parliament.  In the remainder of this 
Parliament, we have a Digital Economy 
Bill.  The final third-generation access 
fund will be in the Finance Bill.  Bar yet 
another core challenge, there will be a 
spectrum direction to the telecommu-
nications regulator Ofcom, followed in 
2010 by an auction of more spectrum 
than we have ever auctioned in one go 
– this will be for next generation mobile.  

We want to make progress with the digital 
radio upgrade plan.  

And of course, there is a general elec-
tion looming.  So we have six months to 
get a lot done, then everything goes into 
the freezer for four or five months.  After 

that, then we will see where we are.� ☐

Digital Britain report: www.culture.gov.uk/
what_we_do/broadcasting/6216.aspx
Digital Economy Bill: http://services.parlia-
ment.uk/bills/2009-10/digitaleconomy.html�

Let me start by saying it is so 
disappointing that this country 
is focussing ‘Digital Britain’ on 
telecoms and not people.  I can-

not believe that, for example, women are 
excluded (or rather they exclude them-
selves) from this debate because it is 
believed to be about telecoms.

My title is To be or not to be a digital 
Britain? because I am not sure that we are.  
My alternative title is Where there is no 
vision, the people perish.  We do not have 
enough vision.  What is our vision of the 
society we are trying to build in 10, 20 or 
30 years?  Have we had that discussion, 
not just in terms of technology, but what 
type of society our actions will lead us 
to?  For example, are we going to include 
women?

We are falling behind.  About one-
third of Britons do not use the internet.  
The digital divide is clear to see: people 
from lower income, lower socio-econom-
ic groups, who are less educated, have less 
access.  Age and physical and mental dis-
abilities remain barriers as well.  

Clearly, some traditional businesses will 
decline and change, but many reports note 
the number of jobs that could be created or 
obtained through next-generation broad-
band networks.  There are more oppor-
tunities than threats.  Among these is the 

opportunity for people to create and run 
businesses from home, so this is especially 
important for rural areas – they need faster 
access, not less, and I think that is some-
thing we need to stress again and again.

We have, of course, increased the 
access to the web through mobile broad-
band technology.  We have the possibili-
ties offered by dark fibre networks.  The 
UK leads the way in the development of 
optical fibre technology and we really 
should be developing a proper strategy 

for a national fibre network.  
There are latency issues with the use of 

satellites to provide broadband access, but 
this is the way many of our competitors 
will be introducing broadband to rural 
areas.  The price of terrestrial wireless is 
falling very quickly, so let us think about 
hybrid solutions here.

Evolution of the web
I tend to think of the web in five year 
tranches.  During the first five, those of 
us who played with it were surprised if 
the kinds of things we were trying to 
find were there.  During the second five 
years (1999 to around 2004) we hoped 
we would find the things we were look-
ing for.  Now, we expect it.  It is almost 
the case that you do not exist unless you 
are on the Web, or your organisation is 
on the Web.  

Social networking and user-developed 
content is growing – MySpace, Facebook, 
podcasts, YouTube, blogs, Twitter.  There 
are technology stories behind all of those 
and there are social stories behind why 
people use them: the human behaviour 
that drives people to use the new tech-
nologies.   

The mobile web is driving the growth 
of all this.  We are going to see new tech-
nologies of augmented reality where you 
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Digital divide 

A major theme in the discussion was the digital divide, and access to the web.  
Some speakers felt that the Government was not doing enough to ensure that 
rural areas (which could include areas close to urban areas where business and 
schools assumed there was web connection) were adequately provided with 
connections, but others warned against efforts to pressure people into demand-
ing broadband before they were convinced of its value or understood its cost.  
At present there is a ‘patchwork quilt’ of accessibility; it is not essential for 
the Government to be solely responsible for joining up the edges.  Part of the 
problem is the over-exuberant rhetoric that Government and others are using 
to trumpet the need and use of the web.  It is not available everywhere and for 
every purpose.  Politicians have to beware of sounding evangelistic, when the 
implementation may well fall short.
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will point your phone at a building or 
whatever and you will get information 
about it from the web.  

These technologies are changing the 
world of business.  Post-web business-
es include Google, the reinvented BBC, 
Amazon, and eBay.  Look what is happen-
ing to scholarly publishing with the open 
access movement!  We also have iTunes, 
e-books and audio books.  We will pos-
sibly have iMovie soon, certainly iLearn.  
All of this is going to be available to us 
while we are on the move.  We will live in 
an amazing society.

We are about to reach Web 3.0, which 
will be about linked data.  This will give 
us an environment where, when you ask 
a question, you will get an answer.  There 
will be issues about whether you trust 
that answer, but it will be different from 
searching and finding documents that 
you then have to interpret as a user.  It 
is very hard to imagine what the social 
impact of that will be, but it is going to 
be as profound as the first web.  This new 
wave has begun.  Take a look at data.gov.
uk to see a prime example.

The amount of time we spend in a 
digital world (and the amount of infor-
mation that exists in a digital world) 
will continue to grow, whether we are 
‘second-lifers’ or not.  Then there is the 
whole issue of our personal assets: digital 
memories for life.  It is all about creat-
ing them, storing them, retrieving them, 
archiving them.  At Southampton, we are 
working with neuroscientists to try and 
understand how this is going to work in 
relation to the way that our brains store 
our memories.  The community is already 
achieving amazing breakthroughs with 

the MS SenseCam, which helps people 
with memory loss. 

Going forward
Digital Britain is, or should be, about 
people.  We need to think about the sorts 
of services we want to provide and what 
they are going to be used for.  Rural com-
munities and underprivileged areas need 
faster and better access, not less, other-
wise we will drive people and businesses 
to the areas with the fastest access.  

We need to think wireless and mobile, 
as they do in the developing world.  We 
need to think the unimaginable.  If we 
have power cuts in the future, it is not 
just the lights that will go out – we need 
to bear that in mind.  

We should aim for an online com-
munity with the fastest speeds to con-
nect to the internet anytime we want, 
and wherever we are.  So I want to finish 
with the message that it cannot just be 
led by central Government and market 
forces.  We have to help people to help 

themselves.  Central Government should 
determine standards and provide national 
infrastructure, but the focus should be on 
community-driven or community-assist-
ed deployment.  That is what I would like 
the next Digital Britain report to look at.  

We need to develop a national policy 
within which industry, schools, libraries, 
hospitals and other local services contrib-
ute to this effort.  We should ask people 
what they are prepared to pay for before 
we levy the taxes.  We should share best 
practice in how to make things happen at 
local level – what technology works best 
and is cheapest in specific circumstances.  
We should encourage the young (the 
people who know) to help the old and the 
physically disadvantaged to get online.  
We should make it sexy to be the person 
who donates a WiFi network or pays for 
the last few miles of the optical fibre net-
work to reach a local community.

The motto of Digital Britain should 
be: online, anytime, anywhere, in a safe 
and secure environment.� ☐

The role of the web in an ‘evolutionary 
revolution’

Alfred Spector

As Niels Bohr famously said, 
“Prediction is very difficult, 
especially about the future.”  
On the other hand, the future 

is actually at hand and we fail to see it.  I 
think we can be rather confident of the 
implications of the rapid evolutionary 
change that we are seeing.  We can let that 
guide us, as best we can, as we try to build 
up the internet and enable our society to 
benefit as much as possible.

What we saw with the web was the 
creation of a very powerful and simple 
base set of technologies.  It was not an 
organisation that set out to aggregate all 
of the world’s information and sell it at 
a very good price.  It was a notion that a 
laboratory here, a university there, a gov-
ernment here, a private corporation or 
individual would store information and 
make it available. 

A very simple way of addressing and 

accessing all of this stuff was also devised: 
HTTP. It was simple, but extensible.  That 
actually allowed an enormous amount of 
information-sharing to occur.  There is 
a tendency for all of us, as architects or 
as government agencies, to believe that 
the complex solutions that we come up 
with can work.  Yet we may often con-
ceive complex solutions that have within 
their very complexity the reason they will 
not succeed.  What happened with the 

Women and sustainability 

Speakers took up Dame Wendy’s comment about women.  The internet is often 
marketed so that it seems like ‘toys for boys’.  If there are cultural differences 
between men and women, then this must be addressed.  Indeed security (in 
terms of privacy, fraud and unnecessary Government oversight) is a real problem, 
although individuals can help themselves, for example by frequently changing 
passwords.  The internet is a major step towards sustainability.  It is not carbon 
neutral, but it will enable increased economic activity and greater productivity, 
without adding significant operating or capital resources.  Yet the more it becomes 
the bedrock of our lives, the greater the need for safeguards against breakdown 
from environmental and other catastrophes – such as floods and epidemics.
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worldwide web was that, in a simple and 
semi-random way, we have arrived at a 
collection of innovations that collectively 
are an extraordinary accomplishment.  

We have created a virtual library of 
Alexandria.  We have created the search 
engine – which is a remarkable entity.  
We have allowed worldwide groups, with 
special interests in almost anything, to 
come together and to form a community, 
a market place, a self-education society 
and more

I am a strong believer in the 
Government’s role in fostering the basic 
research that has led to this.  We must 
continue to ensure that we remain lead-
ers in the core technologies.  As I think 
about digital Britain, or digital USA, a lot 
depends on whether we have the right tal-
ent pools.  Why do relatively few people 
in our societies actually love computer 
science and technology as fields of study 
and employment?  Across society, the 
numbers are much smaller than we would 
expect and it is quite surprising.

An ‘evolutionary revolution’ 
Where is all this going?  I think there will 
be an ‘evolutionary revolution’.  We are 
breaking down the barriers to communica-
tion and information.  That is what I refer 
to as ‘totally transparent processing’.  This is 
having a tremendous impact on society. 

Across the set of all human languages 
we will break down barriers.  Google 
translates more than 40 languages.  We 
have just introduced Welsh!  We are sup-
porting work on a small language in New 
Zealand, spoken by the original inhab-
itants.  This will open up the English 
language corpus, or the Chinese corpus, 
or the Japanese corpus, or the German 

corpus or the Spanish, to an under-served 
population in New Zealand.  

Look at the effect this could have 
on communication.  Our President was 
clearly trying to communicate with the 
Arab world during his Presidential cam-
paign and early radio addresses.  We can 
provide transcriptions of the speeches 
and translations of those transcriptions 
– from audio to text and text to another 
language. Those are the kinds of fluidities 
that I envision.

We will also break down barriers 
across different modalities: text, image, 
audio, 3-D models, maps and the like.  
We will be able to move easily across all 
of these different kinds of data elements.  
An image will help us find another image.  
Text can help us find images.  Videos 
will help us find other videos.  We will 
communicate in different ways.  We will 
convert one form into another, automati-
cally.  Couple voice recognition technolo-
gies with Google’s translation capabilities 
and one has interactive translation which 
is quite usable by travellers.  Again, as we 
(Google and the broader community) are 
already doing these things in isolation, I 
have no doubt they will blend together 
into a coherent fabric that fundamentally 
changes the accessibility of information 
and revolutionises communication.

It is clear we will also break down 
barriers caused by artificial technical or 
form-factor distinctions between different 
devices.  Already, the capabilities of cell 
phones and computers are merging rap-
idly.  Televisions are moving towards fluid 
internet access.  There will be many more 
consumer appliances, including health 
care devices, with easy access to the capa-
bilities I have mentioned.

And finally, I think the barriers to the 
use of different bodies of information 
(such as web documents, the deep web 
data that underlies what we usually see, 
blogs, geographical data, books) will dis-
appear.  While some data are clearly pri-
vate and confidential (like our healthcare 
records) and others are clearly public (like 
road networks), access should be fluid but 
with due regard to matters of privacy and 
user-control.

Fostering the future
It is impossible to choose ‘top-down’ win-
ning strategies, in my opinion.  I am head 
of research at Google but I cannot do it 
and a private company has many advan-
tages over societies due to its smaller 
scale and clarity of objectives.  Google 
prefers, wherever possible, a ‘bottom-up’ 
approach in helping this evolution occur.  

We must ensure that there are mini-
mal barriers to network service creation.  
Ubiquitous, high-performance commu-
nication is a clear enabler, so anything 
that facilitates this is desirable, providing 
and ensuring that there are not barriers to 
fast experimentation – and failure. 

It is very important that we accept that 
things will fail.  Could we have predicted 
Twitter?  Who wants to listen to a few 
lines about how good the food is at the 
Royal Society tonight?  I, personally, do 
not think anyone wants to know that – 
that would have been my conclusion if 
someone had asked a few years ago.  Yet 
Twitter has been successful.  So, we do 
not know what is going to succeed; nor do 
we know what is going to fail.

There are many opportunities.  As 
computer scientists we now have the 
opportunity to create amazing interfaces 
to systems and ‘mass customise’ these to 
particular uses and particular individuals.  
We will have virtually unlimited data and 
processing.  There is no question that this 
will happen.  There are some very inter-
esting issues about making sure we do the 
processing with great efficiency, with very 
good, green computing technologies, but 
this is feasible.

Computers will appear to have under-
standing.  We will see this, increasingly, 
as a partnership between ourselves and 
our computers: computers learning from 
us while we learn from the computers.  
I will not go into this further, but I will 
offer the term ‘hybrid intelligence’ to be 
provocative.

With the ability to gather data all the 
time and store it at mass levels, science 
will change.  For example, you can scan 
the universe and look for differences over 
time.  What are those differences?  What 
astronomical events are occurring?  It 
is very difficult to see them, but if you 
just scan everything and essentially sub-
tract images from each other to highlight 
changes, this will have enormous implica-
tions in astronomy.

As we measure almost everything, we 
can optimise societal systems in ways that 
are really enormous and valuable – in 
healthcare, for example.

There are challenges: for example, 
computer security and cyber warfare.  But 
there are really no limits.  We are not talk-
ing about physics: the laws of Newton and 
Einstein do not apply to logic.  Let’s put in 
place the simple building blocks, starting 
with education and communication infra-
structures, so we foster this bottom-up 
path to a world with vastly more informa-
tion and communication.� ☐
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The future of broadcasting in a digital 
Britain 

Erik Huggers

The BBC absolutely welcomes 
Digital Britain.  There is only 
one issue where we differ from 
its conclusions and that is the 

proposal to top-slice the BBC’s licence 
fee.  However, I will leave that aside for 
now and focus on other topics.

We believe in the value of a digital 
Britain.  Our Delivering Creative Futures 
strategy is about getting ready for the 
digital age.  We are going to go completely 
digital.  

Now that sounds very simple, but 
if you think about it, thousands and 
thousands of people using a corporate 
network, using commodity computing 
technologies, using cameras and record-
ers that shoot straight to memory – this is 
a complete cultural shift.  We think that 
these investments will unlock, on the one 
hand, great new creative output which 
will help us deliver our public purposes.  
On the other hand, we think it will help 
us deliver great efficiencies because all 
of these technologies are becoming very 
affordable.

But a digital Britain is not only a great 
thing for the BBC.  We also think it is 
a great thing for all public institutions.  
It is great for audiences.  It is great for 
the consumer.  Having access to all that 
information, all those services, can only 
be a good thing.  

However, I do not think Digital 
Britain goes far enough.  The Korean 
Communication Commission’s fantastic 
broadband capability had nothing to do 
with government intervention.  The gov-
ernment worked hand-in-glove with the 
commercial sector and put rules and 
regulations in place that allowed the pri-
vate sector to invest and build these net-
works.  South Korea currently provides 
around 100Mb per second to the home, 
but is going to upgrade its networks to 
1Gb per second to the home, and 100Mb 
per second for wireless, in 2012.  In the 
light of that, you have to wonder what is 
going on here, and whether our ambitions 
are too low.

Growth of internet services
At the beginning of October 2009, for 
the first time in the UK, the total value of 
internet advertising surpassed television 

advertising.  It is not going to look back – 
it is only going to continue to grow. 

One in six of our audiences currently 
do not watch television in the traditional, 
linear way any more; they (particularly 
younger audiences) watch it on iPlayer.  
We have between five and six million 
users per week using BBC iPlayer.  Each 
of those users consumes around 60 min-
utes per week of long-form video.  They 
consume around 160 minutes per user per 
week of radio.  That growth has increased 
from nothing in December 2007 to a 
level where we are now the world’s larg-
est flash-streaming service other than 
YouTube.

We are hosting the Olympics in 2012.  
When I think about our capability to 
deliver media to the nation and to the 
world, I get very worried.  The BBC, 
as one of the host broadcasters, has the 
rights to all the video and for the first 
time we want to make everything avail-
able to all audiences.  I have sleepless 
nights over that.  To tell you the truth, we 
had big worries when Andy Murray made 
it into the semi-finals at Wimbledon.  It 
was only the semi-finals, but he nearly 
took our corporate network down!  So 
you have to wonder what happens if a 
Brit makes it to the finals at Wimbledon 
in 2010! 

Another challenge on the horizon is 
this: you may be paying for flat-rate 
broadband services as a consumer, but 
if after 5.30pm you click on some video 

which you want to see at a particular 
quality level, you may find the ISP has 
decided to throttle down your band-
width and give you a much lower quality 
experience.  This is called traffic-shaping, 
and there is clear evidence that ISPs are 
actively traffic-shaping the BBC’s distri-
bution capabilities on the web. Ofcom 
regulates and allows this as long as it is 
called traffic-shaping, network manage-
ment, or some such thing. But we need 
to create transparency so that consumers 
know this is happening and can decide to 
pay more for quality of service, or else we 
have to find other ways to deal with it.

The ‘digital divide’ is another problem 
area.  The BBC and other broadcasters, 
media and entertainment companies can 
play a major role here, educating consum-
ers but also making great services avail-
able that allow consumers to see the value 
of being online.  

Current projects
We believe that, currently, BBC web serv-
ices and most people’s web services are 
consumed on PC and mobile devices.  
The last piece in the jigsaw is the living 
room.   At what point are we going to be 
able to deliver the richness of the web to 
the living room?  In partnership with BT, 
ITV and Channel 5 (and there are others 
who are very interested) [since this talk 
was given Channel 4, Talk Talk Group and 
Arquiva have also joined the partnership], 
we are looking at an opportunity to bring 
the world of the web to the masses in an 
open-standards based way, from which 
the consumer will benefit greatly. This 
project, entitled Canvas has the potential 
to democratise access to the living room.  

Today, if you want your services in 
the living room, you either need to have 
access to spectrum (which is difficult) 
or access to capital (to build out your 
cable network or satellite network).  With 
Project Canvas bringing the internet to 
the living room, any small corporation 
can start to build services and applica-
tions and get them there.  We hope this 
will spawn a whole new industry, in the 
same way that Apple achieved with the 
iPhone and the App Store.  We think that 
Canvas has the same capability for the 
living room.� ☐
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The space between science and politics
Geoffrey Boulton

I shall speak from the perspective of a 
natural scientist, for whom the term 
‘politics’ in my title refers to some-
thing all citizens of a democratic 

society are engaged in: the business of 
making choices – which is not just the 
role of professional politicians.

There is a strong scientific basis for 
the view that the climate is changing, and 
there is evidence that the strongest driver 
for much of the most recent change is the 
accumulation of anthropogenic greenhouse 
gases in the atmosphere, together with 
deforestation.  Although there are large 
uncertainties associated with this view, and 
it has been increasingly challenged in the 
last year or so, I believe that the balance 
of evidence still favours it.  Although, con-
trary to popular myth, science rarely if ever 
gives unequivocal answers, the immensely 
serious potential for what has been called 
‘dangerous climate change’ still demands 
a serious and energetic response, notwith-
standing the uncertainties.

Can we, as a species, adapt our behav-
iour to minimise potentially serious risks, 
even though they may lie beyond the 
next electoral cycle, or must we wait until 
those risks become reality?

The Royal Society of Edinburgh has 
launched a major inquiry on facing up 
to climate change led by Professor David 
Sugden1.  It is a risk-based approach, with 
two principal objectives.  The first is to 
map the ground between where we now 
stand and where we will need to be to 
achieve the emissions reduction targets 
agreed by the Scottish Parliament.  The 
second is to engage our fellow citizens 
in finding ways to create awareness of 
the risk and to discuss how we should 
respond to it. 

Even though significant climate change 
seems distant from us, it is important to 
recognise that elsewhere major change 
is happening now.  On a recent visit 
to Scotland, the President of the Inuit 
Federation, representing Greenland and 
Northern Canada, commented that he was 
very weary of people who talk about future 
climate change and of armchair sceptics.  
Change, for him, is happening now, and it 
is destroying his communities. 

Communicating
One of the principal problems of trans-
mitting scientific information in the pub-

lic domain is that most of us in our 
everyday lives think of cause and effect 
in simple terms – here is a cause, there 
is the effect.  Part of the climate system 
behaves like that, such that if the concen-
tration of atmospheric greenhouse gases 
increases significantly, some very basic 
physics and chemistry will determine 
the long term direction of average global 
climate change.  The short term and geo-
graphic patterns of change however are 
determined by turbulent phenomena.  On 
these scales, the climate system is a com-
plex phenomenon in the technical mean-
ing of the term.  It involves a series of 
interacting processes such that if the sys-
tem is externally perturbed, for example 
by adding more CO2 to the atmosphere, 
it is not self-evident what the short-term 
outcomes will be. 

Transmitting such a message in the 
public domain is extremely difficult.  
Scientists have too often given the public 
simple stories – and sometimes those sim-
ple stories have, in a sense, turned round 
and bitten us back.  It was H L Mencken 
who said, “For every complex problem 
there is always a simple solution that is 
neat, plausible and wrong.”  It is an adage 
that we would do well to remember. 

Because of its complexity, computa-
tional models are a basic tool in under-
standing the climate system.  The model 
is a ‘black box’ into which we put our 
current understanding of the physics, 
chemistry and biology of the climate sys-
tem.  We then perturb the ‘black box’ (the 
model) and the behaviour that results is 
often unexpected.  When someone asks 
why the system behaves like that, there is 
no simple answer.  

One of the things that we hear from 
those who strongly doubt climate change 
is: “Of course, they are only models.”  It is 
a shame that we use that word ‘models’, 
but we should say to them and our fellow 
citizens that we use models to predict the 
future every day.  Other complex, coupled 
computational models are used daily to 
forecast the amount and structure of steel, 
glass and concrete needed in major build-
ings to minimise cost and maximise long-
term stability, and in designing aeroplanes 
optimally to minimise material and cost 
while maximising safety.  Those who tell 
us that models which attempt to predict 
the future are airy-fairy are wrong.  We 
are all of us familiar with their results, 
every day.

Strategies
So what should our mitigation strategy be, 
particularly in relation to the decarboni-
sation of energy?  The objectives need to 
be very clearly spelt out by Government.  
They should be: to meet emissions targets 
(which are now enshrined in law); to 
minimise cost (because we do not want to 
undermine the effectiveness of our indus-
try or the cost to individual citizens); and 
to maximise energy security.

An ideal policy would set these objec-
tives out in such a way as to give confi-
dence to companies that want to invest.  It 
would have long-term economic instru-
ments which both force and reward 
change – so that an efficient company 
with clever technology can meet emis-
sions targets at lower cost than competi-
tors, and thereby thrive.  

Ideally, energy suppliers would have 
the freedom to utilise whatever technol-
ogy they wished.  We need the largest 
transmission and supply network, linked 
into Europe if possible: the idea that 
Scotland needs to have its own isolated 
energy system would have been ridiculed 
by one of its most famous sons, Adam 
Smith.

It would be a mistake however to have 
an emissions strategy without an adapta-
tion strategy, and there is an emerging 
strategy for Scotland.  But do we need one 
when the direct risk from climate change 
to Scotland may be small?  While the 
direct risk may indeed be small, it is also 
important to recognise that the second-
ary effects on Scotland of climate changes 
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The impact of climate change on Scotland
John Mitchell

elsewhere could be very large.  If, for 
example, the South East Asia monsoon, 
a major control on agricultural fertility 
in Asia, were progressively to weaken, the 
economic implications would be enor-
mous and Scotland would not be left 
unscathed.  Rises in food and energy 
prices, migration and conflict, are all 
secondary effects being considered by 
politicians as well as security and military 
organisation worldwide. 

The way we look at such possibilities 
is important.  Some claim that they have 
zero or low probability.  But even those 
who regard them to be of high probability 
need to think in terms that are not alarm-
ist.  Martin Luther King did not say: “I 
have a nightmare”, but “I have a dream.”  

He spoke about his vision of an honest, 
lawful, harmonious, multi-racial society.   
It seems to me that our vision has to be 
to live within an Earth which has finite 
resources, in a way that is sustainable for 

the long-term future.  It is not just a ques-
tion of changing what we do, it is also a 
question of changing how we think.� ☐
1. www.rse.org.uk/enquiries/climate_
change/index.htm

I am going to look at three issues: 
the basic science of climate change 
(to help people address some of the 
sceptical arguments); some of the 

global results; and regional predictions, 
particularly for Scotland.

Basic science
There is a tendency among people who 
believe in climate change to demonise the 
sceptics; I do not think that is helpful – 
after all, scepticism is the foundation of 
science.  What really annoys me, though, 
is when sceptics do not do their home-
work.  Figure 1 shows the concentration 
of carbon dioxide over the last several 
hundred thousand years – in fact that 
curve has now been extended back to 
over 600,000 years.  On the far side you 
can see the scale.  Those ice-age cycles 
(which are what these are) show the limits 
of CO2.  Today we are almost at 390ppm.  
That is well outside of the range over the 
last several hundred thousand years, and 
it is also a much faster rate of change.  I do 
not think that is natural.  

The greenhouse effect is very sim-
ple; greenhouse gases absorb long-wave 
radiation, trapping the radiation that is 
emitted from the Earth and bringing it 
back down again.  Increase greenhouse 
gases and you are bound to have a warm-
ing effect.  With the simple, classical 
physics of radiation theory, you can cal-
culate what change in radiative heating 
is due to a doubling of CO2 and, with 
simple school physics, you can work out 
that – without any other changes – you 

would get a 1°C increase in temperature.  
Now, in a warmer atmosphere there is a 
greater weight of water vapour (the main 
greenhouse gas) and that gives a strong, 
positive feedback, increasing the warm-
ing further.  

The sceptics have also attacked the 
data record, but there are actually three 
independent sets of observations: the 
land surface temperature dataset; the 
sea surface temperature dataset; and the 
marine air temperature dataset.

Modelling
We took existing climate models and 
tried to simulate what the climate would 
look like without greenhouse gases.  The 
main natural factors we did include were 
volcanoes and changes in the output of 
the sun.  We know there have been three 
major eruptions over the last 50 years 
and that there has been little change in 
solar activity over the last 30 years so, 

not surprisingly, when you include only 
these factors you see very little change in 
temperature in recent decades.

Adding in the effect of increasing 
greenhouse gases and the effect of other 
atmospheric constituents such as aero-
sols, you get a much better fit.  This 
is some of the evidence why you need 
greenhouse gases to explain what has 
happened in the past.  

People will often say that “it’s only 
a model”, but the model we use in Met 
Office climate modelling is a version of 
the weather forecast model.  It is based 
on the laws of classical physics.  It is tested 
against past climate.  There are a number 
of tests which give us confidence in the 
model, but our main confidence rests on 
the physical principles upon which it is 
built.  These are well-tested and physical-
ly-based models.  Nevertheless there are 
some small scale processes which can-
not be modelled explicitly (for example, 
clouds) and these contribute to the ‘factor 
of two’ uncertainty – the predictions for 
the future for a given scenario are gener-
ally uncertain by a factor of two (i.e. over 
±30%) by the end of this century. 

There is a degree of uncertainty due 
to the different emissions scenarios.  The 
other major source of uncertainty is due 
to the fact that climate varies naturally – 
which is what the sceptics keep remind-
ing us.  And that variability can be signifi-
cant, which means when you are looking 
for an indication of climate change, you 
can be looking for a small signal against a 
very noisy background.  
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Public understanding 

There has been a failure to bridge the gap between emissions reduction objec-
tives and public understanding.  Why is it that we have not had a mature discus-
sion based on probabilities and risks?  After all, assessing risk and probabilities 
is part of our daily lives – as when we cross the road ahead of the traffic.  
Businesses cannot survive or thrive unless they are continually assessing risk and 
making decisions about incurring costs or developing new products.  Perhaps the 
failure is due partly to a lack of understanding of complex science and scientific 
methods; partly the long term and seemingly abstract nature of the issues.
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Degree of change
Even a global temperature change of 2°C 
is quite substantial.  It may not sound 
much to the man on the street.  Yet the 
summer of 2003 represented an anomaly 
of about 1.5 to 2°C.  In Paris, between 
30,000 and 40,000 people died of heat-
related deaths in the summer of 2003.  

For many, though, the global predic-
tion is not of particular interest – if you 
are in Edinburgh, you want to know what 
is going to happen there and that is a 
much more difficult scientific problem. 

In 2002 we used a single model for the 

UK climate, so we had one estimate of the 
likely change.   The last assessment from 
the Intergovernmental Panel on Climate 
Change (IPCC) employed something like 
19 global models and, because there is 
uncertainty in models, they gave a range 
of estimates.  For the 2009 scenario, we 
produced a probabilistic distribution of 
change.  

Another difficulty we have at present 
is that the global models have a grid of 
about 300km which is pretty large – there 
is only one grid square for Scotland – so 
we have also run some of these models 

again at high resolution (about 25km) to 
get the regional detail.  

Now let us be very clear on this: this 
does not mean that these projections 
are accurate to this particular resolution, 
given there are even uncertainties at the 
global level.  It does take account of the 
effect of the mountains, coastlines and 
so forth, so it is adding in some regional 
information.  

Under the approach we have taken, 
we have probabilities that measure how 
strongly different outcomes for climate 
change are supported by current evidence.  

Just to give you an idea of what hap-
pens over Scotland, on a medium emis-
sions scenario, temperature increase in 
30-40 years time would be well above the 
2°C that we saw in 2003.  It is likely to 
be generally wetter in winter and drier 
in summer.  For sea level, the central 
forecast is for a change of about 20cm by 
2050, 25cm by 2080 and 30cm by the end 
of the century.  

A big problem was a lack of computer 
time.  We would have liked to run global 
models with a resolution of about 20km: 
that would have allowed us to resolve 
the weather systems that really affect the 
British Isles.  That would have taken up to 
4,000 times more computing.

There are a number of sources of 
uncertainty, particularly at the regional 
scale, hence the need for a probabilistic 
approach.  The UK scenarios that we have 
released account for all the known sourc-
es of uncertainty in future directions.  Yet, 
models still have systematic errors – that 
is a ‘known unknown’ that we cannot do 
anything about.� ☐

What business needs to know about  
climate change

Andrew Dlugolecki

I am going to look at issues that busi-
nesses need to take into account 
when they are considering climate 
change.  But why should we worry in 

Scotland?  From some of the advice I have 
heard, Edinburgh in 2080 will be similar 
to Bordeaux now!  Why not buy some 
land for your children or grandchildren 
and set up some vineyards for them?  

Let’s start with facts.  I looked at 
the Central England Temperature Record 
from 1659 to 1899 and determined the 
temperature of a hot month on a 10 year 

event period, a 20 year event and 100 year 
event.  Then I looked at what has been 
happening in the 20th century.  The fre-
quency is changing rapidly, particularly 
for the ‘100 year events’.  By the beginning 
of the 20th century these were occurring 
once every 80 years, but now it has come 
down to every 12.5 years.  The shrinkage 
is very fast for extreme events.

Looking forward, the 100 year sum-
mer will happen once every three years by 
the 2040s.  That may sound great – being 
warmer – but it also means drought; and 

in winter there will be bigger and wetter 
storms.  

Another problem is that events come 
unevenly.  Statistics from the British 
Insurance Association show a huge peak 
in weather-related claims in 1990.  There 
were four storms within a month then.  
Not only that, these events are reaching 
new intensities.  And there are impacts 
beyond the immediate costs.  Munich 
Re statistics show global losses of around 
$180 billion in 2005 (which included hur-
ricanes Katrina and Rita), but economists 

CO 2 Concentration in Ice Core Samples and
Projections for Next 100 Years
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Figure 1.  Current and projected CO2 concentrations exceed those of the last 
400,000 years.  Based on Figure 6.3 of Climate Change 2007; The Physical Science 
Basis. Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Report on Climate Change. S Solomon et al, IPCC 2007.
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believe that real losses were nearer $450 
billion because of the damage to the oil 
and gas industry and the repercussions 
for the global economy.  Nor do the 
Munich Re data include the long-term 
disruption to New Orleans.  We may now 
be entering a situation where the costs go 
well beyond anything that we have seen 
before, or that we were insuring against.  

Further, we are not just affected by what 
happens in Britain.  China is an increas-
ingly vital part of the supply chain.  If you 
go home you will find many things made 
in China.  However, insurance surveys 
suggest the Chinese are more concerned 
with running factories and getting things 
built, while attention to risk management 
in terms of floods and storms is very low.  

SME preparedness
A survey carried out by the British 
Insurance Brokers Association within the 
last couple of years looked at businesses 
of up to 250 employees – between 95 
and 99 per cent of British enterprises.  
Between 26 and 41 per cent said that if 
their site was closed it would take them 
more than a month to recover.  Very, very 
few have plans for uninsured events – 
they just hope insurance will take care of 
it, basically.  Why?  Well, some 75 per cent 
of the larger enterprises said planning 
would take too much time.  For smaller 
businesses it is more about cost and that 
they do not know where to start.  

The Met Office did a review of how 
much of Britain’s turnover was affected by 
the weather and came out with a figure of 
something like £10 billion annually.  It is 
remarkable how often companies use the 
weather to excuse poor results, especially 
‘too wet’ excuses.  Here is a sample of 
some that I found.  One used it because 
their food business stopped doing very 
well; a second because beer sales were 
down; a third because they were not sell-
ing clothes; while another said people 
did not want to buy tents.  They cited 
the weather as a significant factor but 
were not doing anything to manage that 
exposure.  

Yet some people are taking action.  In 
Australia, which is becoming seriously 
affected by climate change, water is rec-
ognised as a vital resource and so they are 
using recycled water to clean machinery 
and to irrigate golf courses.

Retailers are turning to non-seasonal 
goods.  In garden centres it is quite dif-
ficult to find the plants because there is 
so much else there – furniture, trinkets, 
clothes, winter leisure.

Carbon 
Moving to carbon, the change needed 
over the next 20 years is as big as moving 
from the horse to the internal combus-
tion engine.  Enormous changes will be 
needed in Scotland, in Britain and in the 
rest of the world.  

There are a number of reasons why the 
change will happen.  The first is regula-
tion.  The EU Emissions Trading Scheme 
was a start.  The Energy Performance 
of Buildings Directive (EPBD) requires 
that every retrofit or upgrade of a major 
building has to take account of energy 

efficiency.  In the UK, the CRC Energy 
Efficiency Scheme is a revenue-neutral 
measure which will reward efficient com-
panies and penalise less-efficient com-
panies. 

The second is the Carbon Disclosure 
Project.  The biggest 3,000 companies in 
the world are being asked what they are 
doing about climate change.  The project 
is backed by 475 investors who control 
$55 trillion dollars of assets.  In its analy-
sis, the members of the FTSE100 come 
top, globally, in grappling with this issue.  
The Global 500, the biggest 500 compa-
nies in the world (which include many of 
the FTSE100), are pretty good in terms of 
their response to the questionnaire that 
is sent out annually – but the FTSE250 is 
significantly worse in terms of its report-
ing and planning for emissions. So there 
is clearly work to be done, even for quite 
large companies.

The third element is public opinion; 
this is definitely beginning to change and 
having an effect on the way companies 
are viewed.  Then there is litigation.  UK 
Financial Investments, the company set 
up to administer taxpayers’ investments 
in RBS and Lloyds Banking Group, has 
been doing its job in a very ‘arms-length’, 
non environmentally-aware fashion.  A 
court action was launched in October, 
not against RBS but against UKFI, argu-
ing that as a major investor it should be 
adopting the same best practice as every 
other institutional investor in respect of 
financing fossil fuels.  

An analysis by the Carbon Trust of 
‘value at risk’ from climate change shows 
the electricity sector has a great deal 
at risk, as has the logistics sector (they 
are using petrol all the time), so sectors 
are affected differently.  Yet within each 
sector there is the same dynamic: some 
companies are more efficient, and differ-
ent customer profiles make them more or 
less exposed to climate change.  

The whole business sector needs to 
think about climate change and in par-
ticular the impacts (not just in Scotland 
or the UK, but around the world), the way 
that customers are going to behave in the 
future and carbon reduction.� ☐

Models 

Models can tell us what can happen, but not what will happen at specific times 
and places.  Understanding can be improved if the discussion centres – as is gen-
erally the case with business decisions – on the upside and downside of options; 
together with an appreciation that we must have contingency planning to deal 
with extreme events in particular circumstances and areas – the sort of analysis 
undertaken in the Lloyd’s of London insurance market.
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Agriculture

Some 20 per cent of carbon emissions come from agriculture.  What will be the 
impact of increased flooding on agriculture and drainage systems?  How will 
landscape adapt?  Can we switch from existing crops to new ones quickly enough?  
What will be the effect on the landscape generally?  In short, has the effect of 
climate change on the natural environment been adequately considered?
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An effective national infrastructure is essential for any developed economy.  The issues facing the 
UK in ensuring a functioning infrastructure in the 21st century were discussed at a meeting of the 
Foundation on 11 November 2009.

A national infrastructure for the  
21st century

Mark Walport

You might well ask why a medic 
should be involved in produc-
ing a report on infrastructure.  
Well, what separates the devel-

oped from the developing world — and 
with it the health prospects of the popula-
tions in developed and developing coun-
tries — is the infrastructure associated 
with water.  Separating the water we drink 
from the water we excrete has been one 
of the most important advances in public 
health, but it is something that we all take 
for granted.

We forget it is there until it stops work-
ing; when it does, though, the potential to 
live as an advanced society falls away very 
rapidly.  We saw how critical the supply 
lines were, for example, during the tanker 
driver strikes.  In a very short time, if 
fuel does not get to the petrol stations 
it does not get to transport systems and 
the supermarkets run out of food: we live 
with ‘just in time’ supply lines which are 
crucially dependent on infrastructure. 

Keeping the infrastructure up-to-date 
is fundamental to an advanced economy.  
In a world where companies can decide to 
locate pretty much anywhere, an impor-
tant factor in the decision-making proc-
ess is whether the infrastructure will sup-
port their activities.  If we get this wrong 
it will have catastrophic consequences for 
the UK economy.  

The infrastructure is also important 
if we are to take our response to cli-
mate change seriously, which is likely to 
mean coping with more frequent extreme 
weather events.  It is also vital for promot-
ing social inclusion — for instance, access 
to the Internet is going to be extremely 
important, especially for young people, 
in terms of whether they are ‘inside’ or 
‘outside’ society.

Decisions
Decisions that we make about infrastruc-
ture will determine how and where we 
live in the future.  If, for example, we 
decide that it is too expensive to get fast 
broadband access to the more remote 

parts of the countryside, it will determine 
people’s choice as to where they live.  How 
we distribute infrastructure and trans-
port systems will determine how people 
choose to live.  It is integral to much of 
social and Government policy.

In the report on national infrastruc-
ture for the Council for Science and 
Technology (CST), we put a ‘traffic light’ 
measure of risk against each of the major 
infrastructures.  Much of our infrastruc-
ture is aging and there are concerns too 
about lack of capacity.

Then there is the question of resil-
ience: our ability to respond to major, 
unpredictable, external events.  Critical in 
this respect is the interdependence of dif-
ferent parts of the infrastructure network.  
For example, if the electricity supply fails 
then the likelihood is that the gas supply 

will fail too.  Almost all our infrastructure 
is critically interdependent, yet there has 
been a tendency to view them — and to 
regulate them — as individual ‘silos’.  

The other issue relating to complexity 
is fragmentation.  We have infrastruc-
tures that are divided functionally by 
region or by company and which cre-
ate their own issues about interconnect-
edness.  Interdependence has not been 
taken sufficiently into account. 

Recommendations
That, then, is the background to how we 
found the major issues in the national 
infrastructure.  Our recommendations, 
briefly summarised, were as follows.

First, there is fragmentation, both 
geographically and within Government 
– one department is responsible for one 
bit of infrastructure and another depart-
ment is responsible for another: unless 
they talk to one another it will not work.  
Someone, somewhere in Government 
must be accountable for national infra-
structure.

If we want to get investment from the 
private sector in infrastructure, then there 
needs to be a consistent and long-term 
view.  Why would a company choose to 
make an enormous investment if it is 
likely to be adversely affected by a policy 
decision made a few years down the line?  
Whilst some policy change is inevita-
ble, we need some kind of certainty and 
direction in the planning for national 
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Engaging the public

The case for urgent investment in infrastructure renewal is hampered by a lack 
of understanding by the public of the importance of the infrastructure and the 
consequences of failure.  As a result politicians, inevitably focused on five-year 
electoral cycles, are not pressured by voters into developing the necessary long-
term policies.  Certain events such as the floods of 2007 have alerted the public 
to specific problems, but there is still little understanding of interconnectivity 
or the scale of the investment needed to minimise risk.  The media has a role to 
play, but is not interested unless there is a significant individual failure, in which 
case they only look for someone to blame. 
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How to modernise our ageing infrastructure
Brian Collins 

infrastructure if it is to attract adequate 
investment.

Second, we need ‘joined-up’ 
Government.  There must be much more 
recognition of the issues of interconnec-
tivity and resilience, much more sharing 
of data.  The Planning Act should be 
implemented in a way that allows essen-
tial projects to be given the green light.  
We may be seeing the start of a shift in 
emphasis with the announcements about 
nuclear power, but it is extremely dif-
ficult to move forward on these national 
infrastructure projects if planning is such 
a battle.  

Third, on resilience and interconnec-
tivity.  There needs to be a clear under-
standing of where the points of weakness 
are.  We need to know what is likely to 

flood and what is not, where the inter-
connections are and we need to deal with 
conflicts arising between the strategic and 
the legislative framework.  There must 
also be much more modelling and under-
standing of the human factors.

Fourth, regulatory regimes.  Regulation 
in recent years has predominantly been 
economic, aiming to get the most for 
the lowest price.  That tends to drive 
out capacity and reduce resilience.  The 
regulators have tended to function in 
individual silos, but they need to work 
with one another, to stimulate R&D and 
innovation, and to think about the inter-
dependencies in the systems they serve. 

Fifth, we need to do the research.  
Research has been driven out of some 
areas of national infrastructure, but we 

need to be in a position to respond as 
infrastructure is planned for the future.  
For that, we need research and innovation 
to develop modern systems.

There is serious concern about skills.  
Recruitment is affected by the fall in the 
number of engineers.  Nuclear research 
took a serious hit, there were research 
problems in the water industry and, if we 
are going to have a system that is fit for 
purpose, then we need a research work-
force.  It is up to the people who are going 
to develop the infrastructures to provide 
the ‘pull’.  The industries involved have to 
say what that ‘pull’ mechanism is so that 
young people can listen and understand 
what is available to them if they go into 
these branches of engineering.

Finally, it should not be forgotten that 
we must also think about interconnected-
ness and the security of our infrastructure 
in relation to the outside world.  Although 
we are an island, we are connected to 
Europe in many different ways.  We 
depend on shipping for the transport of 
many of our goods; we depend on many 
foreign sources for our energy — these 
are all national security issues. � ☐
The Council for Science and Technology 
report is available at: www.cst.gov.uk/
reports/files/national-infrastructure-
report.pdf

We were a world leader 150 
years ago in developing 
water, waste, urban and 
long-distance rail and, 

more latterly, road systems.  We ben-
efitted from that early investment but 
although a first-mover in many of those 
technologies, we chose not to do much 
about replacement.  We did, however, 
expand our motorway systems and nucle-
ar power and, in particular, North Sea oil 
and gas.  

Then, in the 1980s, we initiated infra-
structure privatisation, which meant that 
choices were made by the market within 
a new regulatory framework.  Regulation 
was largely sector-by-sector, with little 
attention paid to how the various utili-
ties and networks interacted – and there 
was nobody taking an over-arching view.  
Private sector partnerships and Private 
Finance Initiative (PFI) deals were put in 
place.  Now 65 per cent of expenditure on 
infrastructure is private, 29 per cent pub-

lic and only 6 per cent is Public-Private 
Partnership (PPP) — a small percentage 
in spite of what we hear about the impor-
tance of PPP (Figure 1).  The net result of 
this complicated arrangement is that it is 
not clear how much we are spending on 
maintenance and renewal at a time when 

much of the privatised infrastructure is 
ageing and in need of more investment.

The Council for Science and 
Technology’s report has raised more 
questions than answers.  Some are mat-
ters of policy, some relate to research, 
and some are questions of analysis.  I will 
highlight those that I think are the most 
important.

First, the science.  The fundamental 
scientific questions are to understand how 
infrastructure works on the national scale, 
and how to relate it to the socio-economic 
conditions and technical problems that 
we face.  The reality is that with elections 
every five years, the administration can 
change political complexion several times 
in the lifetime of many projects, whereas 
many international competitors — like 
Singapore — can plan for decades ahead 
knowing that there will be stability. 

It is important to be able to plan 
ahead.  Yet it is also possible to become 
locked into a technology that has become 
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Tangible benefits

There has been too much emphasis on very large-scale projects.   Individuals find 
it difficult to see how they will benefit from such grand schemes: it would help if 
there were more, smaller schemes with local impact.  We need to develop pres-
sure groups for infrastructure investment in the same way that environmentalists 
built pressure groups for the environment.  The public might react more posi-
tively if it understood that we were seeking to enable individuals to maintain an 
acceptable standard of life for the future, rather than seeking to avoid a vaguely-
defined catastrophe.  
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outdated, so we need to be aware of how 
to use new technologies, such as plastic 
electronics, as they become practicable. 

Then there is engineering.  We need 
to learn how to engineer resilience into 
these systems, and if we are to gain public 
acceptance for the investment required, 
we need to deliver a quality service and to 
explain the economic benefits of proper 

investment.
Have we done engineering at that 

scale?  Not in recent years — the Olympic 
site is probably the largest project cur-
rently under way, but even that is not on 
the scale that we are talking about for the 
future.  We have — or at least had — the 
expertise and it has contributed to mas-
sive civil engineering projects abroad, in 
the Middle East and China for instance: 
perhaps now we have to work out how to 
transfer that knowledge back into the UK 
to modernise our own infrastructure.

There has been little systems analysis of 
the interconnectivity between our infra-
structure networks.  The linkage between 
these elements is largely unregulated and 
often a matter of bilateral contracts, all of 
which cause us to have systemic failure 
points within our complex set of infra-
structural components.  Cascade failure 
could result from these omissions, as it 
did in New Orleans, where there was a 
clear failure to appreciate these linkages.

Where are the skilled professionals 
who are going to do the work?  And if you 

want a balance between energy security 
and other things, how do we go about 
doing it?  Who makes the decision where 
the right balance points are and how long-
term can we make them so that invest-
ment (by private industry, in particular, 
or even better, foreign industry) occurs in 
the right place at the right time? 

Importantly, we need to decide on the 
role of Government, both central and 
local.  Many important infrastructure 
facilities are locally optimised — and 
therefore the vulnerabilities are localised.  
For example we cluster port, oil and ener-
gy installations around river estuaries, all 
vulnerable to sea level change. 

Finally, how dangerous is the ‘do noth-
ing’ option?  We could continue to drift 
through the situation we currently find 
ourselves, and continue to fix things as they 
break.  How dangerous, really, is that?  That 
is the baseline model and if we are advo-
cating greater spending, or doing things 
more systematically, then we need to know 
where we are starting from and just how 
bad it will be if we do nothing.� ☐

Maintaining the national infrastructure
Tim Broyd 

Halcrow is a UK-based engi-
neering design consultancy.  
About half of our 8,000 staff 
work overseas and we are 

heavily involved in work on major infra-
structure projects — including the High 
Speed 1 Channel Tunnel rail link, the St 
Petersburg flood barrier and utilities for 
Yas Island, location of the Abu Dhabi 
Formula One Grand Prix.  Here in the 
UK, Halcrow works with the Highways 
Agency managing the transport infra-
structure in several regions.  Our work 
demonstrates how large-scale investment 
in modern infrastructure can be com-
pleted on time and on budget.

Each year the Institution of Civil 
Engineers (ICE), where I chair the Policy 
Panel, issues what we call a ‘State of 
the Nation’ report, compiled by experts 
drawn from across ICE’s membership. 
The purpose of this and our other occa-
sional reports is to stimulate debate and 
to highlight the actions that civil engi-
neers believe need to be taken to improve 
the nation’s infrastructure. 

Recent reports have covered capacity 
and skills within the industry, transport 

policy, flood hazards and carbon capture 
and storage.  Most recently, in summer 
2009, the topic was the defence of critical 
infrastructure1.

In recent years our critical infra-
structure network has faced a number of 
threats — from the attack on the London 
transport system in 2005, to the floods 
of summer 2007 and indeed heavy snow 
in winter.  The ICE report examines how 
we deal with such challenges and how we 
can prevent major events bringing the 
country to a halt.  

The communications network is vital 
for the functionality of the critical infra-
structure, but this falls outside of the 
ICE’s main area of expertise: there are 
others more able to consider it.  For 
the purposes of our report, the goal of 
defending critical infrastructure was seen 
as the water, energy, waste and transport 
systems.

The report identified three main 
threats: system failure, climate change 
and terrorism.

System failure
System failure is particularly relevant to 
the energy sector, where we must ensure 
that we have the necessary generating 
capacity to meet our needs, together with 
a national grid that is flexible enough to 
manage the changing electricity energy 
mix.  In May 2009 many homes and 
businesses suffered blackouts when the 
Sizewell B nuclear reactor in Suffolk and 
Longannet coal-fired power station in 
Fife unexpectedly stopped working with-
in minutes of one another.  This was 
followed by the failure of several other 
generating units later that day.  
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The changing electricity generation 
mix in this country is eroding system 
flexibility, exposing us to the risk of more 
blackouts in the future.  If this risk is to 
be managed effectively, operational and 
physical resilience need to be addressed 
within the incremental changes current-
ly being made to energy transmission 
and distribution networks.  The recent 
national policy statement on nuclear gen-
eration is a step in the right direction.

Climate change
Evidence submitted to the inquiry point-
ed to climate change as the greatest single 
threat to critical infrastructure.  We are 
to expect less rainfall in summer, more 
in the winter and rising sea levels in the 
coming decades.  We must ensure that 
critical infrastructure is defended from 
climate change.  

The floods that caused the Mythe Water 
Treatment Works in Gloucestershire to 
fail in 2007 showed how a fault at a 
single piece of infrastructure can have 
huge repercussions across a whole region.  
Many water and sewage treatment plants, 
as well as electricity transmission and 
distribution assets were damaged or at 
risk.  As serious as these failures were, 
it was the potentially disastrous near-
misses that really exposed the dangerous 
weaknesses in our critical infrastructure 
network.  Walham substation, serv-
ing 500,000 people in South Wales and 
Gloucestershire, as well as a number of 
Sheffield substations, came close to fail-
ure — events that would have endangered 
lives.  Another alarming near-miss was at 
Ulley reservoir, near Rotherham, where a 
large dam was in danger of breaching.  A 
breach would have caused loss of life as 
well as damage to the M1 motorway, to 
a major electricity sub-station and to the 
gas network connection to Sheffield.  

Third, there is the ever-present threat 
of terrorism.  The current terrorism level 
is ‘severe’, which means that an attack is 

considered ‘highly likely’.  Critical infra-
structure asset owners and operators 
must maintain their vigilance.  

The UK’s infrastructure assets form an 
interdependent network.  A single failure 
can cascade across the network render-
ing otherwise unaffected sectors inoper-
able.  Yet the UK’s current infrastructure 
defence system fails to recognise this vital 
interdependency. 

The Centre for the Protection of 
National Infrastructure (CPNI) and 
the Natural Hazards team are there to 
cover terrorism and climate change, but 
systems failure is not currently being 
addressed.  The report recommended 
that these issues could be addressed 
through the creation of an overview role, 
such as that given to the Environment 
Agency for flood defence.  It would aim to 
assist Government in tackling the politi-
cal short-termism which is so detrimental 
to protecting critical infrastructure.

The Planning Act
The Government has taken steps to 
address long-standing problems with the 
UK Securitas planning process.  If prop-
erly implemented, the 2008 Planning Act 
can provide a more efficient planning 
system for nationally significant infra-
structure projects.  The legislation replac-
es eight consent regimes with a single 
one for major projects such as railways, 
ports, roads, airports, water and waste 
infrastructure.  The Act also provides for 

the establishment of a new independ-
ent Infrastructure Planning Commission 
(IPC), to determine the detailed and tech-
nical merits of individual applications. 

At present the Government takes no 
responsibility for the provision of reserve 
capacity, leaving its delivery to the mar-
ket.  Regulators have neither the remit 
nor the ability to incentivise asset own-
ers to build reserve capacity into critical 
infrastructure assets.  The regulatory sys-
tem does not recognise interdependency 
or approach the critical infrastructure 
network as a whole.  The Government 
should expand the remit of the regula-
tors to address asset stewardship, as well 
as consumer interests.  The regulators 
must be able to offer private asset owners 
some incentives to build reserve capac-
ity into their infrastructure and should 
also be given the power to ensure that 
contingency planning is carried out by 
asset owners.

There are similarities between the ICE 
report and that of the Council for Science 
and Technology—published the next day.  
The ICE welcomes the announcement of 
the establishment of Infrastructure UK 
and looks forward to what will hopefully 
be a symbiotic and close relationship.  
We believe that Infrastructure UK must 
have the authority to coordinate activity 
in different areas of infrastructures and 
authority, rather than just be a meeting 
point between them.

Finally, how is all this to be paid for?  
A source of long-term financing is vital, 
supporting projects that will strengthen 
UK competitiveness and helping with the 
transition to a low-carbon economy.  A 
National Infrastructure Investment Bank, 
initially capitalised by the Government 
and able to use the Government’s credit 
rating to raise funds on international 
markets, could perhaps meet such a need.  
The presence of such a bank could help 
hold down the cost of capital across all 
infrastructure sectors. 
1. www.ice.org.uk/knowledge/
document_details.asp?Docu_
id=2324&intPage=18&faculty 

Creating a favourable environment

It should be feasible to set up structures that will deliver the necessary improve-
ments, making funding possible and promote the necessary skills.   Investment 
in infrastructure needs to be made profitable for the private sector, and the 
successful PPPs show that it is possible to both safeguard the public interest 
and allow investors to make a return.  In the present economic climate, the 
Government may need to allocate funding from the Treasury, no matter what 
comes from other sources, and build policy around that figure.  On the other 
hand, the problem may now be so serious that one should start from what fund-
ing is necessary to improve the infrastructure and then the Treasury must meet 
any shortfall after accessing private investment.

The skills shortage

Some participants thought the necessary skills were already available, as many 
young people are anxious to work in relevant areas, and we can access inter-
national skills; the problem is middle management, who still think traditionally 
and in silos.  Others were more pessimistic: for example the programme for new 
nuclear stations may not be compatible with the timescale needed to produce 
trained nuclear engineers.  But there is no doubt that all engaged in improving 
the infrastructure need to step up their activities.  
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Synthetic biology — a threat or an 
opportunity?

Richard Kitney

In both synthetic and systems biol-
ogy, 25 April 1953 is very important.  
It is the date of the publication of the 
structure of the double helix by Jim 

Watson and Francis Crick in the journal 
Nature.  Although there is no exact date 
when the biological revolution started, 
this is a good starting point.  Almost 
50 years later in 2001, another paper in 
Nature, this time with 50 authors, record-
ed the initial sequencing of the human 
genome.  It is the initial sequencing of the 
human genome which represents a datum 
point in terms of the ability to develop 
synthetic biology.

Synthetic biology is a rapidly develop-
ing field so, as you might imagine, there 
are a number of definitions.  The one that 
we tend to use is “designing and making 
biological parts and systems that do not 
exist in the natural world, using engineer-
ing principles”.  

People ask: “Why now?”  Well, it is 
the bringing-together of a number of dif-
ferent factors.  There is now high-speed 
DNA sequencing, the ability to synthesise 
DNA, widely available powerful comput-
ers, broadband networks to move data 
around, the internet itself and then, prob-
ably most importantly, the confluence 
of biology, engineering and physical sci-
ence.  

Synthetic biology comprises bio-nano 
technology, synthetic genomics and engi-
neering, but social science and ethics are 
extremely important in this field as well.

Approaches to synthetic biology
I want to describe four approaches to syn-
thetic biology – starting with ‘bottom-up’, 
moving to metabolic engineering, then 
talking about ‘chassis’ (which are different 
types of cells) and then moving to parts, 
devices and systems.

Let us start with ‘bottom-up’.  A year 
ago Craig Venter, together with some 
of his colleagues, published a paper in 
Science, which described the first sequenc-
ing and reconstruction of a bacterium M 
Genitalium.  This particular bacterium 
comprises 583,000 base pairs, so it is 
quite small and what they did was first to 
sequence the M Genitalium genome; then 
they sent out the information to three 
companies (two in the USA and one in 

Germany).  These companies resynthe-
sised the genome in ‘cassettes’ which were 
reassembled into the whole genome.  

For metabolic engineering, I will take 
the example of malaria.  Artemisia is a 
substance which Chinese herbalists have 
known about for at least 1,000 years, but 
from a synthetic biology point of view 
the key interest is that in 1972 a Chinese 
scientist, Tu Youyou, managed to isolate 
artemesinin (the active ingredient in this 
particular form of treatment of malaria) 
from the annual wormwood plant.  Jay 
Keasling, with his colleagues in Berkeley, 
re-engineered some of the metabolic 
pathways involved in the natural plant 
to create a starting point which begins 
with sugar and ends with artemesinin.  
It is now, if you like, a synthetic drug for 
treating malaria.  

Biofuels is also a very big area.  I was 
recently in Montreal where 500 biochem-
ists and biotechnologists were present-
ing papers on industrial biofuels.  Many 
people expect significant amounts of bio-
diesel to be produced using synthetic 
biology techniques within the next three 
to four years.

What do we mean by ‘chassis’?  Well, 
we modify, at the moment, bacterial DNA.  
We place this in a cell (that is called a 
‘chassis’) and we look at the response.  
These are the types of cells we use:  E coli 
is probably the most popular in synthetic 
biology at the moment; there is yeast, 
of course; and other cells like B Subtilis 

are now becoming quite popular.  These 
are the ‘natural’ chassis, but one of the 
common problems in synthetic biology is 
actually controlling the process because 
these are living environments.  So other 
researchers are working on minimal cells, 
stripping down naturally-occurring cells 
and also creating artificial cells.  

Now turning to parts, devices and 
systems: this is where you can apply 
the engineering principles of modularity, 
characterisation and standardisation to 
developing biological parts, biologically-
based devices and, ultimately, biological-
ly-based systems.  

Systematic design
All of this revolves around systematic 
design.  This is the basis for producing 
the standard parts, the standard devices 
and the standard systems.  Some of the 
key factors here are abstraction, decou-
pling and standardisation – these are all 
engineering principles which are applied 
not only to synthetic biology but also to 
car and aircraft design.

Finally, the aim is to build a system on 
the basis of standard devices and standard 
parts.  Modified bacterial DNA represents 
the ‘parts’.  The devices are collections of 
parts, but they are encoded into human-
defined functions such as logic gates.  
Ultimately this will lead to the develop-
ment of biologically-based systems which 
perform tasks familiar in engineering 
and physics, like counting and ultimately 
microprocessing, etc.  

Standards are very important.  The 
international community in this field is 
working very hard to achieve standardi-
sation.  The parts are stored typically in 
a registry.  One of the most important 
registries is at MIT and we all feed parts 
into that registry.

In building molecules, we start off 
with software to create small sections of 
DNA code and these are assembled into 
DNA constructs – the device level.  DNA 
error correction is carried out and then 
the whole thing is brought together into 
a large assembly.  In fact we send off our 
DNA constructs, which we produce in 
the lab with software, to companies like 
GeneArt in Germany and we get DNA 
back via mail order.  
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Making biology easier to design
Pamela Silver

Logic gates
We have recently been working on the 
development of biologically-based logic 
gates using a plant system which in fact 
infects the leaves of plants – it is called 
‘hrp’ (hypersensitive response and patho-
genicity) in its original form.  There 
are two pathways which are stimulated 
simultaneously.  However, what we did 
was to re-engineer this and separate out 
the pathways.  That enabled us to produce 
an ‘AND’ gate.  AND gates and NAND 
gates are the basis of all counters, all 
calculators in the electronics world – and 
now we have a stable AND gate.  This will 
lead on to more sophisticated devices.

Finally, I just wanted to make the point 
that there are strong parallels here, in my 
opinion, with synthetic chemistry in the 
19th century.  One important discovery 

occurred in 1897 when Felix Hoffman, 
using synthetic chemistry techniques 
(which are not very different in concept 
from synthetic biology techniques) was 
able to produce aspirin for the Bayer 
company in Germany.

So, are we on the brink of a new indus-
trial revolution?  My view is that we are 

and this is incredibly important for the 
UK economy. � ☐ 

Synthetic Biology: scope, applications 
and implications – report by the Royal 
Academy of Engineering. Available at: 
www.raeng.org.uk/news/publications/list/
reports/Synthetic_biology.pdf

Why do we want to design 
biological systems?  One 
reason is that if we can 
design a system it really 

does test our understanding of its com-
ponents.  What does biology do and 
what are the parallels to engineering?  
Biology is exquisitely sensitive – the 
olfactory system is capable of detecting 
single molecules.  Biology is very efficient 
at transmitting specific signals.  Biology 
is modular.  The gene is the fundamental 
unit of biology, but we now know from 
the history of molecular biology that the 
gene is modular.  Best of all, biology can 
self-replicate, so the vision of building 
machines that can duplicate themselves is 
at the core of synthetic biology.

Can we make biology easier and more 
predictable to engineer, though?  In order 
to do so, we need DNA – rapid, inex-
pensive DNA.  We have a lot of raw 
material to work with; new genomes are 
being sequenced daily.  These are easily 
accessible, they are being deposited in the 
internet and so there is an information 
explosion.  We just need to know what we 
want to do with it.  

DNA synthesis
The first gene was synthesised at MIT 
in the 1970s.  It was tRNA, took Gobind 
Khorana many years, and he won the 
Nobel Prize.  In the 1980s, one of my col-
leagues at Harvard, Steve Benner, was the 
first to synthesise a gene that encodes an 

enzyme.  In the 1990s, with the advent 
of the Polymerase Chain Reactor (PCR) 
came the ‘liberation of the genome’ 
because if you know the sequence you are 
able to get any gene or any piece of DNA 
that you want.  

That was the good news.  The bad 
news was that you were limited to what 
nature gave you.  You could mutate it, 
you could alter it a little bit, but you could 
not readily create large new genes.  Today, 
though, we have the ability to make ever-
longer pieces of DNA and to me this is 
really an important element of the future 
for young scientists.  To me, the over-
arching goals of synthetic biology are:  

to make whole genomes or whole •	
chromosomes for example;  
to design and redesign systems – what •	
I call ‘logical metabolic engineering’; 

building life from scratch – making •	
replicating systems from chemistry.  

In order to make biology easier to design 
– which is the premise that I began with – 
we would like to have standardised parts.  
This will require knowing what measure-
ments we need to make, the models and 
then, importantly, the point at which the 
experiment actually starts.  What I would 
like to see is a student sit at a computer and 
then the next day get the DNA back and 
then the experiment starts – that would be 
much more fun that what we have now.  

When I began I wanted to build bio-
logical computers.  Suppose you have 
a cell that changes colour every time it 
divides: you know how old it is by its 
colour.  It starts out green, and then the 
‘daughter’ cell becomes blue and the new 
mother turns green.  We made cells that 
can count to two!  This is a lot harder 
than it seems.  

Then we decided to make cells that 
could remember.  When exposed to a 
particular chemical stimulus, certain cells 
can be made to change colour.  A red 
signal indicates that they were exposed 
to the signal, and a sustained green signal 
indicates that the cells ‘remembered’ the 
past exposure.

We call these ‘toy’ systems.  What can 
we do with these?  Imagine a system where 
a cell exposed to something that turned it 
into a cancer cell, such as DNA damage, 
remembered that it had been exposed.  

Pamela Silver is 
Professor of Systems 

Biology, Harvard 
Medical School and 

a member of the 
newly founded Wyss 

Institute for Biologically Inspired 
Engineering of Harvard University.  
In 2004, she became one of the first 
members of the new Department of 
Systems Biology at Harvard Medical 

School and the first Director of the 
Harvard University PhD Program in 

Systems Biology.

Open and candid debate

Scientists need to engage in open and candid debate with the public about the 
advantages that synthetic biology could bring – as well as the risks which might 
be involved.  The history of the motor car is a good example of the readiness 
of the public to accept the benefits of new technology despite the attendant 
disadvantages, such as road deaths.  Recent experience over GM has shown all 
too clearly the consequences of a failure by scientists to engage with the public 
about the risks and benefits.
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We could track that cell in the tumour and 
we would know which ones were respond-
ing to drugs and which were not.  

Bio-energy
No talk on synthetic biology is com-
plete without mentioning bio-energy.  
Boosting the efficiency of fuel formation 
from micro-organisms is the major tech-
nological application of synthetic biology.  
The engineering of fuels is essentially a 
systems problem.

Rather than rely on maize or sugar 
cane, we can use light.  There are micro-
organisms that process light, so they can 
be used as the chassis.  In fact we use the 
cyanobacterium which is responsible for 
about 50 per cent of all photosynthesis on 

Earth.  The genome has been sequenced 
– we know quite a bit about it but not 
enough.  Cells often ‘compartmentalise’ 
reactions to make them more efficient – 
cells in the human body do this, but even 
simple cyanobacteria do this.

We can produce bacteria that make 
various forms of carbon-based fuel, such 
as bio-diesel.  We are also very inter-
ested in coupling the capture of sunlight 
directly to the production of hydrogen.  
Perhaps we could turn these into factories 
that would pump out chemicals or other 
fuels as well.  

We decided to produce cells that 
would make sugar – sounds simple, right?  
The idea here is that when these cells are 
stressed they produce sucrose.  But we 

have introduced, synthetically, an enzyme 
that can cleave the sucrose into glucose 
and fructose.  Then we needed to get it 
out of the cell.  So we took a ‘transporter’ 
from another organism and put it into 
these cells so that now they secrete sugar.  
They secrete glucose and can feed other 
cells that need glucose to live.  Effectively 
we have created a symbiotic system that 
depends on light.  

These are in principle the precursors 
of chloroplasts, which live in plant cells 
and give them energy.  There are natu-
rally-occurring photosynthetic animals 
– some sea slugs, for example.  I proposed 
that we could take these photosynthetic 
microbes and introduce them into a non-
photosynthetic cell.  The cell would have 
to be clear so that the light could enter 
and in that way we could perhaps make 
photosynthetic animals – great for space 
travel!  We chose a fish with the hope of 
producing the photosynthetic fish.  

There are other commodities, like iso-
prene for example, that are made syn-
thetically and their value is higher than 
biofuels.  Companies could concentrate 
on producing these high-value commodi-
ties with biofuels as by-products.  That is 
an intriguing concept.� ☐

Social science sets the context
Nikolas Rose

Why should social scientists 
be involved in the devel-
opment of synthetic biol-
ogy, especially when syn-

thetic biology is still at a very, very early 
stage in its development?  Why should the 
EPSRC, when it funded our joint centre, 
have insisted that social scientists were 
involved right from the very beginning?  
It was because we now recognise that 
the development of technology does not 
happen in a vacuum, it always happens in 
a particular socio-political context.  The 
socio-political context here in Europe 
and the UK is one in which there is a 
perception, by many, of a pervasive lack 
of trust – lack of trust in science, lack of 
trust in experts, lack of trust in politicians 
and regulators.  There is a perceived lack 
of trust especially in areas where science 
and expertise touch things that are funda-
mental to people’s everyday life (to their 
health and their security).  

Many policy makers in this area there-
fore believe they must take their deci-
sions in a climate of risk, a climate of 

anxiety and distrust.  We all know that 
issues of risk and risk calculation are very, 
very hard to discuss rationally, especially 
when they are located in a media culture 
that veers between hype about scien-
tific breakthroughs and anxiety about the 
damage that science may be doing to us. 

Social scientists can contribute to this 
debate in many ways.  First our evidence 
questions the view of the public as ‘igno-
rant’, ‘irrational’, ‘mistrustful of science’, 
‘swayed by media stories’ and so on.  
Research on public attitudes to scientific 
developments shows that the public are 
not anti-science, they are not mistrust-
ful per se.  They can make distinctions 
between different kinds of scientist, they 
can make distinctions between what sci-
entists do and what journalists report and 
they can make the distinction between 
those kinds of arguments that are made 
by scientists on the basis of their scien-
tific research and the deployment of those 
arguments in political debate.  In fact, 
it is probably a mistake to think of ‘the 
public’ – we should think of many differ-

ent groups who have different attitudes to 
different kinds of science and medicine, 
based on their own beliefs and experi-
ences.  However one thing is rather con-
sistent – sociological research shows that 
many people are particularly concerned 
where scientific developments are mixed 
with commercial developments.

The two emerging technologies of 
nano-technology and synthetic biology 
have been accompanied by the almost 
obligatory involvement of social science, 
in part linked to this belief that public 
mistrust could undermine the tremen-
dously exciting scientific and economic 

The role of NGOs

Non-Governmental Organisations (NGOs) need to properly understand the bene-
fits of new technologies such as synthetic biology; the GM experience has shown 
the influence which these organisations can have on public opinion.  Scientists 
need to be alert to the risks of losing their ‘licence to practise’.  The scientific 
community may find it advantageous to make greater use of professional public 
relations teams in managing the way its messages are conveyed to the public 
and to politicians.

d
is

c
u

ss

ion



Nikolas Rose is Martin White 
Professor of Sociology and Director 
of the BIOS Research Centre for the 

study of Bioscience, Biomedicine, 
Biotechnology and Society, at the 

London School of Economics and 
Political Science. He was originally 

trained as a biologist before switching 
to psychology and then to sociology.



synthetic biology

fst journal >> april 2010 >> vol. 20 (3)� 31

opportunities that these technologies 
promise.  Even if the beliefs about mis-
trust are overstated, public debate over 
these emerging technologies is an oppor-
tunity to link democracy with technologi-
cal development.  It will also enable scien-
tists themselves to enter into public dia-
logue about the opportunities and risks 
of their work.  This debate has already 
started, and certain topics in synthetic 
biology have already emerged as of being 
of concern, both in the UK, in mainland 
Europe and in the United States.  These 
are: bio-safety; bio-security; commercial-
isation; and what I will call, for the sake of 
argument, ‘life itself ’.

Bio-safety
One of the characteristics of living organ-
isms is that they have the capacity to 
reproduce and in reproduction they 
mutate.  Unintended consequences, the 
accidental release of these organisms and 
the way in which they might actually 
operate in living systems outside of the 
laboratory – all are major concerns in 
these debates. 

Many years ago now, when artificial 
organisms were first being created, a vol-
untary and self-regulating system for gov-
erning their production was developed 
by the researchers at a famous conference 
at Asilomar in 1975.  Since that time, in 
most countries, we have seen the emer-
gence of robust regimes for regulating 
the conditions and the laboratories in 
which this work is undertaken.  So cur-
rent synthetic biologists are not working 
in a vacuum but I do think we need to 
be clear about the extent to which our 
current regulatory system for bio-safety 
is adequate to the new challenges of this 
technology.  

Bio-security
Bio-security has been a major concern, 
especially in the USA.  Some researchers 
there celebrate the idea of ‘garage biol-
ogy’ where anybody sitting at their home 
computer, in a makeshift lab, can type in 
the genetic sequence of the organism that 
they want and then, one or two days later, 
receive it by mail order.  It is actually not 
easy to distinguish the risks of benign 
activities from those that are malign in 
intention – many things developed for 
a very good reason can have damag-
ing unintended consequences.  However, 
while the idea of synthetically-produced 
pathogens wiping out vast swathes of the 
population has become quite popular in 
recent science fiction, I think it is mis-
guided.  Pathogens are actually quite hard 

to make into weapons, especially weapons 
of that can cause illness or death on a 
large scale.  Nonetheless, this issue needs 
to be debated and addressed head-on.

Commercialisation
A commercial pathway needs to be 
developed for these products but, as I 
have already mentioned, many groups 
and individuals become concerned when 
commercial and scientific issues are mixed 
together.  However, these issues are being 
addressed right at the very beginning of 
the development of synthetic biology.  
Partly because they have learned from 
earlier debates in genomics about ‘patent-
ing life’,  synthetic biologists are develop-
ing a very interesting approach to intel-
lectual property – one which is based on 
‘open source’ principles in which the basic 
biological properties are ‘open source’ but 
commercialisation can happen through 
patenting the products produced from 
publically available parts.  

‘Life itself’
One powerful view is that human beings 
should not, perhaps have no right to, cre-
ate the organisms that evolution ‘forgot’.  
Yet the idea of creating life ab initio is 
not driving the development of synthetic 
biology.  Rather, we have the re-engineer-
ing of existing life – that is to say, most 
developments in synthetic biology work 
by ‘hijacking’ the properties of life to pro-
duce useful effects.  

Nonetheless, the question of defining 
and delimiting what we can legitimately 
do to living organisms and what limits we 
should set to our endeavours in this area 
does seem to me to present a powerful 
challenge.  We need to recognise, under-
stand, debate and use responsibly the 
powers that we have for re-engineering 
organisms.

There are now very significant demands 
on researchers to show immediately that 
the work they are doing in basic science is 
translating into products.  The demand to 
answer ‘when will your work be in the clin-
ic?’, ‘when will it be in the factory?’ is there 

all the time when scientists get into public 
debate.  While synthetic biology will have 
major consequences, to demand that sci-
entists over-promise – that they say imme-
diately what these will be – can be very 
harmful.  Recently in Korea we saw how 
impossible expectations led to one team 
pretending that they had made advances in 
stem research which they had not actually 
achieved.  I think we should try to lessen 
that translational pressure if we can.

Regulation 
We have very good experience here in 
the UK in developing complex regulatory 
structures for biomedicine and biotech-
nology that have worked very well.  The 
Warnock Report, for instance, on the 
regulation of research in reproductive 
biology, provided a stable environment, 
developed as a result of consultation 
and deliberation,  that was accepted by 
almost everyone and widely respected 
by the scientists concerned  This enabled 
basic research to happen, enabled the 
scientists to know what they could and 
could not do.  This report also led to the 
establishment of the quasi-autonomous 
Human Fertilisation and Embryology 
Authority, which has produced a regu-
latory climate which enables the work 
to proceed, and has public confidence 
while ensuring both legitimacy, safety 
and good practice.  

I think we could learn a great deal 
from such models about how to regulate 
this area.  After all, none of us would be 
interested in the questions of synthetic 
biology if we did not have a real belief that 
in the future it will produce genuine pub-
lic value as well as an innovation pathway 
that is extremely important for UK and 
international economies.  But to make 
that happen is more than simply a techni-
cal or technological challenge – it is what 
one might term a ‘socio-technical’ chal-
lenge, and one that requires us to attend 
to the social practices, and the social 
pathways for innovation, at the same time 
as we encourage the basic research on 
which innovation must build.� ☐

The potential for misuse

There is a potential for misuse of new knowledge emerging from synthetic biol-
ogy research.  However, some of the worst bioterrorism threats already exist 
(e.g. anthrax) and the fears have so far proved unwarranted.  Moreover, it would 
be foolish for society to forego the benefits flowing from advances in technology 
just because of the potential dangers; it would be better to find ways of deter-
ring bad people from doing bad things than to stop the creation of good things 
because bad people might misuse them. 
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the 21st Century
11 November 2009
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The Wellcome Trust and member of the 
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Technology
Professor Brian Collins FREng FIET, 
Chief Scientific Adviser, Department 
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Department for Transport
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Technology Director, Halcrow Group 
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Civil Engineers

The impact of climate change 
on Scotland
29 October 2009

Professor Geoffrey Boulton OBE FRS 
FRSE, General Secretary, The Royal 
Society of Edinburgh, and Member PM’s 
Council for Science and Technology
Professor John Mitchell OBE FRS, 
Director Climate Science, The Met 
Office
Dr Andrew Dlugolecki, Visiting Fellow, 
Tyndall Centre, University of East Anglia 
and Chartered Insurance Institute

The Digital Britain Report 
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competition from other 
nations
14 October 2009

Dominic Morris CBE, Strategic 
Director, Digital Britain, Departments 
for Business, Innovation and Skills, and 
Culture, Media and Sport
Professor Dame Wendy Hall DBE 
FRS FREng, President, Association of 
Computer Machinery (ACM), School 
of Electronics and Computer Science, 
Southampton University
Dr Alfred Spector, Vice President, 
Research and Special Initiatives, Google
Erik Huggers, Director, Future Media 
and Technology, BBC

Beyond the recession - what 

can science and innovation 
partnerships do for you?
7 October 2009
Professor Peter Gregson FREng, 
President and Vice-Chancellor, Queen’s 
University Belfast
Eoin O’Driscoll, Chairman, Forfás, 
Ireland’s National Policy Advisory Board, 
and Managing Director, Aderra
Dr Iain Gray FREng, Chief Executive, 
Technology Strategy Board

Engineering: turning ideas into 
reality — the House of Commons 
Select Committee Inquiry
7 July 2009

Phil Willis MP, Chair, House of 
Commons Select Committee on 
Innovation, Universities, Science and Skills
The Lord Browne of Madingley FRS 
FREng, President, The Royal Academy 
of Engineering
Richard Olver FREng, Chairman, BAE 
Systems
The Rt Hon the Lord Drayson, Minister 
for Science and Innovation, Department 
for Business, Innovation and Skills (note 
responding to the debate)

The Future of Higher 
Education in England
17 June 2009

Sir Alan Langlands FRSE, Chief 
Executive, Higher Education Funding 
Council for England
Professor Michael Arthur FMedSci, Vice 
Chancellor, University of Leeds
Sir John Chisholm FREng, Chairman, 
QinetiQ and Chair, Medical Research 
Council

Financial models — key tools 
for risk analysis or the vector 
of global financial collapse?
10 June 2009

Professor John Kay FBA, Writer and 
Columnist for the Financial Times
Paul Sharma, Director, Wholesale 
Prudential Policy, Financial Services 
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Professor David J. Hand FBA, 
President, The Royal Statistical Society 
and Head of Statistics, Imperial College 
London
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