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Summary

The Secretary @tate for Business, Enterprise and Regulatory Reform, Lord Mandelson
recently said: OIf you really want to chahgevorldNchoose a cage in engineering. And
| mean real engineering, nohdincial engineeringidls comment encapsulates the spirit|of
our Report. In the current enomic climate, engineering hasme under the spotligh
because it is a critical component of ouraral economy and of society in general.

—F

We have found engineering to be one of th€Ds great strengths and were pleased to
discover that UK engimging and engineers angghly regarded interationally, more than
they are at home. We are convinced thaistrength of the UK@sgineering base means
that the UK can play a majorpan solving globaproblems such adimate change, food
and water supply, energy setpand economimstability.

Engineering cuts across every aspect efwtbrk of DIUSNSskills higher education and
innovationNas well as other departments. It encompasses research and development,
design, production, digbution and sevices. We decided to takecase stydapproach,
exploring key themes through the lensesnatlear engieering, plagt electronics
engineering, geo-engineeringdaengineering in Government.

Nuclear engineergt The Government's recent enthgsiafor nuclear power has raised
important questions about the UK's capacitglédiver a new generati of nuclear power
stations. We discovered that there are sigmifiskills shortages, weh could affect plans
to bring new plants online [B8020. We argue that there shibbe a master roadmap for al
major engineeringrojects, icluding nuclear new build.

Plastic electronics: This castedy highlighted the potenti@pportunity afforded to the
UK through the support of emerging, inndva industries. Hailed as a disruptive
technology, the UK research basehis area of plastic eteanics is wondl-class. We are
concerned, however, that thiK is likely to miss out on éheconomic return associated
with translating the findings of researchorcommercialised techiumies, and call for a
serious revision of thstructures used support the growth dfedgling industries.

Geo-engineering: The global tnee of many engineeringhallenges vea highlighted
during our discussion of gemngineering researciburing this casstudy we considered
the implications of a new engaming discipline fo UK policy-making.Ilt became clear
that, if the Government is to be an infardhactor in the development of any future
international policyrelating to geo-engeering, it is essential thitte views of the scienc
engineering and social science communities seen as compientary sources of
expertise, and their advice aelly sought athconsidered.

(D

Engineering in Geernment: Our final casstudy went further ath demonstrated that
engineering advicand scientific advice offaifferent thirgs, and that ik should be
recognised in the poliggrocess. Governmenh key policy areas @keveral departments
does not have sufficiein-house engineering expertisedot as an intelligent customer
and engineeringdvice is frequently not sought eaeénough during policy formulation,
We were shocked to discoveatlengineering advidead been lacking in the formulatio

>
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of policies as important and digeras eco-towns, renewablergy and largél' projects.

We suggest that there should be a greater ¢évangineering expertise in the genera
civil service as well as moregemering policy sgcialists. As a ating point, the
Government should at least knavihat expertise it has indhcivil service. Ishould also

recruit more people into the Science andjiBeering Fast &am, distribute them more

widely and provide reapportunities in ceeer progression while retgng specialist skills
And it should also strengthen links betwettre public and priate sector through
secondments.

We argue that there is a need for betitens-departmental management of engineer
policy. To help achieve this, Wwave suggested a rganisation of théigh level advisory
structures in Government. The GCSA shoulddreamed the GovernmeChief Scientific
and Engineering Advise(GCSEA). This person would kibe head of profession fa

science, engineering and social science siirwild have a more senior role in the

Government with direct access to the Rritdlinister. The GCSEA would head up t
Government Office for Scienemd Engineeringwhich should be plad in the Cabinet
Office. Beneath the GCSEAoshd be a Government ChiEhgineer, a Government Chig
Scientist and a Government Ch&bpcial Scientist. Additionglldepartments should eithe
have a Departmental Chidingineering Adviser (DCEA)or a Departmental Chie
Scientific Adviser (DCS), and in some cases they should have both.

Our overall conclusionlink our case studies together aa@ relevant to the engineerin
sector as a whole. As statadove, we arguéhdt there is a need for better tran
departmental management ofganeering policy. T Government should adopt a practi
of formulating and following roadmaps feach major engineering programme with ¢
ordination between eh of them. And th&overnment should benore strategic in its
support for emerging tustries and policy areas. Td@ve these goalhe Government
would benefit from having seniofficials with appropriate sk and experience tasked
oversee engineering admaps and strat@g plans. These officialshould also manag
engineering advicen a civil service withmore specialised gimeering expertise
throughout.

The recent economic crisis haresented the Governmentthvia once-in-a-generatior
opportunity to restructure the economy by builgion the existing sutatial strengths of
UK engineering. Our mort suggests how thabuld be achieved.

st

ng

=

he

of

-

g
S-

0_

to

[1%)

I



Engineering: turning ideas into reality 7

1!Introduction

Engineers are essential to all things irt life.

The Professor the Lord Broers

Why engineering?

1!From the stone age to the computer ag®ineering innovatios have facilitated a
sustained improvement ithe quality of lifgpossible for humankindEngineers design and
construct the infrasticture that supportivilisation (buldings, roadsbpridges, sewers,
electricity and communation grids, satellitesthe vehicles we use get around (cars,
ships, aeroplanes), power fgiaithat give us engy (nuclear power phts, coal and gas
stations, wind farms, hydreetric plants), the productee use in everyday life (food,
clothes, medicines, cldag products, televisions, commers and mobilgphones) and so
much more. The ubiquity of engineering influence in modern life is undeniable, yet,
perversely, Othe extent and matof engineersOdaengineeringCrontribution go largely
unrecognised, with @ple failing to make the connemt between the technology they
enjoy and the role of engineeririgO.

21lt is the combination ofengineering®s generic impode and the publicOs vague
understanding of it thated us to conduct this inquiry. fits neatly within our remit to
scrutinise the policy, administration andpexditure of the Department for Innovation,
Universities ad Skills (DIUS} and the Government Office for Science, which supports the
Government Chief Scientific Adar in his role to ensuréét scientific ad engineering
advice across Governmestsufficiently embedded policy. Engineeringuts across every
aspect of the work of DIUSKa#ls, further/higrer education andnnovationNas well as
other departments.

What is engineering?

3!0ur impetus for conducting an inquiry tm engineering was partly the fact that
engineering meansNand engineers areNmaningds to many pedp. According to the
Engineering and echnology Board the gaaéperception of engeering is clouded by an
outdated view and a lack of clarityNeven \itthe professionNabouivhat it constitutes$.

It is easy to understand why: over the gast decades, the bdta of discplines has
ballooned so rapidly that mg are hardly recognisables engineeringlt takes 36
professional institutions in the UK to repees such extraordinargdiversity of activity.
Coupled with this is engineeringOs deepevetiain: research arkvelopment, design,
production, distribution and servicdsngineering is all of these things.

1 Q68 [Ev 732]: Several sequences of oral evidence were taken during this inquiry (reflecting the case study
approach). For ease of reference we include the evidence page number alongside the Q number.

2 Ev 169 [Engineering and Technology Board]
3 AGlossary is annexed to this Report.

4 Ev169
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41So how should we define enginag? A common definition is that engineering is the
Oappliance of scienceQ: that Oengirtesmsigtes science into realitiégis is certainly

the case for much modern engering, but engineers do not always need to be prompted
by science or even need taderstand the science behing@blem in order to come up
with a solution. For example, the engineets built the first watermills knew nothing
about fluid dynamics, nonethetethey built very effectiveilts. Engineersolve problems,
and the end, not the meansttis motivating factor. As one tmess put it: Oscientists know
and engineers déC50 we prefer a morgeneral interpretatiorof engineering: that
Oengineers turn ideas intolitg@. It is phaps a little snplistic, but we Heve that it
reflects both the motivain, creativity and leadth of enginesrand engjieering.

The profession

5IThe engineering sectdras developed in an ad hocrmer according to opportunity
and historicalconditions. Prior tahe middle of the T8century, engineering was almost
exclusively a military endeawoubut the industrial revolion meant that civilians could
increasingly make a livingNansometimes a fortuneNfrom fieg an engineer. In 1818,
the Institution of Civil Engineersas formed to makOcivil enginéegO a profession in its
own right. The Institute of Mechanical gneers was founded ib847, which was a
reaction to a growing tendenty associate civil gmeering purely wh the construction
side of the industry. The ineasing importance of eleicity and electrical engineers
prompted the formation of the Society ofiigraph Engineers in 1871, which became the
Institution of ElectricaEngineers in 1884. The IEE has since merged with the Institution of
Incorporated Engineers to form the Instituti@f Engineering and Ténology in 2006. A
complete list of professional ifgtions is provigkd in Table 1.

Table 1. A list of institutions regi  stered with Engineering Council UK

Professional institution Established
Institute of Acoustics 1974
Royal Aeronautical Society 1866
Institution of Agricultural Engineers 1938
Chartered Institution of Building Services Engineers 1897
Institute of Cast Metals Engineers 1904
Institution of Chemical Engineers 1922
Institution of Civil Engineers 1818
British Computer Society 1957
Energy Institute 1927
Institution of Engineering Designers 1945
Institution of Engineering and Technology 1871
Society of Environmental Engineers 1959

5 Q474 [Ev 67] [Mr Pamenter]
6  Q2[Ev 721] [Professor Kelly]
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Institution of Fire Engineers 1918
Institution of Gas Engineers and Managers 1863
Institute of Healthcare Engineering & Estate Management 1943
Institute of Highway Incorporated Engineers 1965
Institution of Highways & Transportation 1930
Institution of Lighting Engineers 1923
Institute of Marine Engineer ing, Science and Technology 1889
Institute of Measurement and Control 1944
Institution of Mechanical Engineers 1847
Institute of Materials, Minerals and Mining 1869
Institute of The Motor Industry 1920
Royal Institution of Naval Architects 1860
British Institute of Non-Destructive Testing 1954
Nuclear Institute 1959
Society of Operations Engineers 1945
Institute of Physics 1874
Institute of Physics & Engineering in Medicine 1960
Chartered Institute of Plumbing and Heating Engineering 1906
Institution of Railway Signal Engineers 1912
Institution of Royal Engineers 1923
Institution of Structural Engineers 1908
Chartered Institution of Water and Environmental Management 1895
Institution of Water Officers 1945
Welding Institute 1923

Source: www.engc.org.uk/institutions/institutions.aspx

6.!0ne of the key roles dhese 36 professional instituts is to provideprofessional
accreditation to practicing e@meers. Setting professional standards for engineers and
technicians and grantinigcences to organisations to alltdvem to register engineers is the
responsibility of the Engingeg Council UK (ECUK). ECUKgrants three levels of
engineering status, which apeotected by law and can onbe used byegistrants:
Chartered Engineer (CEnNg), Incorporatedgieer (IEng) and Ejineering Technician
(EngTech). Finally, there are the Royal Acag of Engineering, which was formed in
1976 to bring together eminent enginetspromote excellence, and the Engineering
Technology Board, which wagtrited in 2001 to promote engineering and technology in
society.

71These are all representative bodies, ingrko promote and support engineering. The
real engineering takes placandustry, universities and Gavenent and its agencies. The
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engineering profession providess with a joint submissioim which it panted out that
engineeringOs contribution t@tblK economy isonsiderable:

Engineering, with approximately 0.5 million profe®nal engieers, brings

technology, products andrs&es to market and in dog so directly contributes
(through SET-intasive sectors) approxately £250 billion, 23 of the total UK

GDP (2002). In 2006 engineering servaiesctly contributed £3.2bn in exports to
the Balance of Paymerits.

8!There are over 250,000 stmis in further education studying engineering,
manufacturing and techrogy courses. Around 90 higheruedtion institutes in the UK
have engineering departmeftsgaching over 40,000 students, 100,000 of whom are
undergraduate$ln Government, there are severgbaldéments and agencies that have an
engineering role. The Health and Safety Exezuior example, emplsyl35 professionally
registered engineers and the Ministry of Defence arountf 650.

9.Co-ordinating the existing workforceOsnir requirements and promoting the next
generation of engineers aee number of Sector SkillSouncils and National Skills
Academies. There are ten Sector Skills Ciuthat directly rem@sent the engineering
sector and five activekills Academies. Thesire employer-led ingtives, providing the
training and professional development suppbst industry needdiVorking adjacent to
these skills initiatives are amhber of charities whose misss are to inspire the next
generation of engineersaito improve the diversity ¢fie engineerig profession.

10!During the course of our inquiry we heasdveral complaintdhat the multitude of
engineering institutions créad a cacophony, out of whiehclear and common message
was often difficult to distinguish. For examplerd Broers, the forer President of the
Royal Academy of Engineering, partly attributied AcademyOs oftentadivoice to Oa lot
of competition from the institutionsvho want their voice heard as weéliGlearly the
engineering community wadd prefer to provide a public i@ that was more harmonious
and focussed, and we are pleasetkport that this inquiry has shown that this can be
achievedThe engineering communityOs approachtids inquiry hasbeen coherent and
co-ordinated, with the institutions workng together to conmunicate a common
message with and through the Royal AcadeonfyEngineering. The Academy must take
forward and formalise its leadership roleso that the engineering community can
communicateNand co-ordinateNmore effectively.

The inquiry
Terms of reference
11!Witnesses to this inquiry were asked tovle evidence on ¢hfollowing points:

" Ithe role of engineering drengineers in UK society;

7 Ev 186

8  Guardian University Guide 2005

9  Higher Education Statistics Authority (HESA) 2006/07
10 Ev 788D790

11 Q78 [Ev 735]
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I'the role of engineering and engeng in UK's innovation drive;

I'the state of the engineeringliskbase in the UK, includirthe supply of engineers and
issues of diversity (for example, gender and age profile);

Ithe importance of engineering to R&D aie contribution of R&D to engineering;
and

" Ithe roles of industry, universities, professil bodies, Governmeninions ad others
in promoting engineering dls and the formation and d@elopment of careers in
engineering.

Conduct of inquiry

12!This was a wide-ranging ingy. Over the course of 1&/idence sessions, we heard
from a panel of young enginisgsenior representativesiitahe engineering community,
including the Royal Academy Bihgineering, the Engineegrand Technology Board, the
engineering institutions and Engineering Council UK, charities promoting engineering,
skills bodies, funding bodies, industry representatives, including large and small employers,
venture capitalistand Government bodies,dluding four Ministersjwo Chief Scientific
Advisers and the Governme@hief Scientific Adviser.

13!We also made a number ofitsgo inform our work. We viged Sizewell B on 15 July
2008 and in October 2008 we visited Shanghg@ndand Tokyo. We fond these visits to
be extremely useful and westeuck by the high esteemvhich UK engirering is held
overseas. The Chairman asdme members of the Commadtevent on a number of
informal visits in Septemb&008, including Sellafield, Wiedtes Researdnstitute, the
Department of Physics and Macular Vision at Imperial College London, Culham
Research Institute; Resdlar Councils UK, the Techiagy Strategy Board and the
Printable Electronic T@nologies Centre.

14!We conducted two e-consultations. The fi@Engineering in the<®, which refor six
weeks in September and Qmto 2008, was aimed at eragring employers who might
otherwise not have had the oppority to contribute to the iguiry. It sought out opinion

on the future of UK engineeg and what rte the Government cddi play in promoting

the sector. The second, OYmgjneersO, set out to expldnat young engineers thought
about engineering as a profession and to duidwhy they had decided to pursue, or were
contemplating, a career in engineering. A summary of both e-consultations is printed with
the submissions we receivéd.

15!We would like to thank everyone who suligdt written evidence, all our witnesses,
those who helped organise and who we metisits and althose people who contributed
to our e-consultations for theinvaluable contributions.

16!Finally, we would like tdhank the specialisadvisers who assed the Committee
throughout this inquiy. Professor Mike Gregory, Heafdthe Institutefor Manufacturing

at the University of Cambridge, and Dr HayamSillem, Head of International Activities
at the Royal Academy of Engering, were our primarydsisers, and their tireless

12 Ev 792-799
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enthusiasm and expert advibelped to maintaira keen focus on ¢hkey isses in a
challengingly broad inquiryWe would also lig to thank the other advisers who
contributed on the case studieDr Paul Howarth, Execué Director of the Dalton
Nuclear Institute, University dflanchester; Professor Petesd, iUniversitypf East Anglia;
Professor Donal Bradley, DepuPrincipal of the Faculty dflatural Sciences, Imperial
College London; and Profes&ir Roy Anderson, Rector lofiperial College London.

Structure of report

17!The challenge of conducting an inquiry ortls@a broad andross-cutting topic is that
the inquiry itself becomes unwieldy. We therefdecided to take @ase study approach.
To open the major inquiry, weeld some exploratory sessan which we identified key
themes that we would seek tadeeks. The first themes weoshk to prioritise were skills
and innovation. The followip questions were raised:

'l on skillsis there a shortage ofgeneering skills? If so, whapact does this have on
national engineering programmes? What roles do Government, universities, FE
colleges and industry play providing training What can be done to raise the public
awareness of engineering and engineers?

Il on innovation: How could the Government besupport commercialisation of
emerging technologies andniovation? Is theGovernment sufficiently strategic in
supporting engineering research? How ddes UK capitalise on the economic
potential of the engineering sector?

18!To explore these issues in sotegail we chose two case stésdFor the sks issues we
conducted an inquiry on nuae engineering (Chapter 2). f~the innovation issues we
conducted an inquiry on plasticetronics engineering (Chapter 3).

19!During the course ofthese case studidsrther questions arose. For example, what
factors need to be taken intonsideration when looking at new policy area? How does
the international context of engineering impaational decisions orngineering policy?
How do we inspire the next geason of engineers? Howds engineeringdvice inform
policy making inGovernment? To gore these issues in madetail, we conducted two
further case study inquiries on geo-engineering (Chapter 4) and engineering in
Government (Chapter 5). The tesnof reference for all four s studies can be found in
Annex 2.

20!Following the completion of the case stadi@e held two wrap-ugessions, in which

we attempted to broadewut the inquiry again and chedkat our detailecanalysis held
across a range of sectors (Chapde In the time, and givendhsubject, it was impossible

to be comprehensive in our coverage. However, we have tried to draw as many broad
conclusions as possible andphothat they find agreeent across the full range of
engineering stakeholders.

21!During the course of this ingyi, the world economy wenttim recession. The severity
of the economic crisis has made this suléidhe more important as the international
community reassesses the foundations of @oan health. The UK Government has, like
other nations, announced measures totg@et and support its manufacturing base
(announcing a package of support for the UK car industry potentially worth up to £2.3
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billion, for example). Lord Mandsdn, Secretary of State Business, Enterprise and
Regulatory Reform, has called for Governnmiengéngage in QinduatractivismO, and to
develop, as core national jettives, policies to improve ehUKOs skills 41 national
infrastructure andegulatory stability. He added, witbference to the role of engineering
in relation to the recessio@For the future, Britain needs ezonomy with less financial
engineering and more real engineeriigO.

13 HL Deb, 27 January 2009, col 178
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2INuclear EngineeringNSkills

| think it is important to recognise that there is a skills gap, not only in nuclear
engineering which it clearly is, but in engineering in gefferal.

Dr Stephen Garwood, Director, Engineering & Technology-Submarines, Rolls-Royce

Background

22!Prior to starting this inquy, we heard from multiplsources that the engineering
sector was concerned about a skills time-bombe iéea small selection of the many facts,
figures and opinion we received on this issue:

" Ithe total number of registed engineers and techniciamss declined from 263,999 in
1997 to 242,530 in 2006, whiepresents a fall of 8%b;

" Ithere has been a 22%cline in the numbersf Chartered Egineers in all age groups
under 55 years, a two-thirdecline in the numérs of Incorporatedngineers; and a
50% decline in Engeering Tehnicians®

" lone in ten organisations in the SEMTAtfarint have had dif€ulties recruiting

" laround 13% of graduates leaweversity with the most Waable sciencdechnology,
engineering or maths degrees and this needsetdo at least 25%tife UK is to match
the predicted gwth in jobst®

I OAs engineering poptitms age and vacansiare OboomingO worldwide, the result is
the visibility of tle shortfall of young jople entering the enggering proéssion. The
result for many companies igrae shortage of engineersaths (and will continue) to
endanger their growth and Bome cases their existente.O

" 140% of NationaGridOs workforceillwreach retirement age ewthe next 10015 yeéts.
The UK faces a Ocrudkills shortage frorB015 to 2025 thatillvmake power supplies
less reliable and m®expensive®d.

23!This final point driveshome one potentiampact of a skills sittage. We decided to
explore the skills issues in ralepth by way of a casedst on nuclear engineering.

241The Prime Minster announced in July 200Bat Britain mustbuild several new
nuclear power statics over the next 15 years to replageing plants and contribute to a

14 Q49 [Ev 375]

15 Engineering UK 2007 , p 60

16 Engineering UK 2007 , p 63

17 2006 Labour Market Survey of the GB Engineering Sectors, April 2007, p 11
18 Ev 335 [CBI]

19 From the e-consultation OEngineering in the UKO , Ev 792-799

20 Ev131

21 Ev150
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post-oil economy, with the first oféhnew reactors comiranline in 20172Our reaction,

like other interesteabservers, was concern that thenight be a gap between the PMOs
desire for a rapid OnuclearaissanceO and the UKOs capadieliver suclh programme.

We address this question in #odlowing sections of the report.

Nuclear engineering in the UK

25!Extensive nucleanvestment programmes in the 195fsated a world-class nuclear
engineering capaliyi in the UK. This wa reflected in the buling of nwclear power
stations, reprocessing facilities, a nucldefience capability, dnworld class R&D and
university programmeslThe UK is one of the few countries to have fully developed a
closed nuclear fuel cyalath the ability to reprocess amelcycle fuel as Wes to deploy
prototype fast reactors for braegd fuel. Additionally, fusiomesearch in the UK is world
leading. However, the Odash for gasO iteti®T8s and 1980s me#rat nuclear energy
received less investment. eTHUK moved away from fast reactor technology, R&D
programmes were cut, and eventually thechég of nuclear gineering ad related
courses in universitiedeclined. Eventually the Governmetecided to break up and sell
BNFL.

26!As international recognition has converged on the need to reduce carbon emissions
and increase security of pply, so has international enthusiasm for nuclear energy
reignited. Worldwide, there are over 436 poweactors contributing about 15% of the
worldOs electrici#yAs of January 2009, 43 new reactoere under construction around

the world, 106 were beingaphed and 266 propos&dCurrently, manycountries are
revising their energy policy toclude nuclear as paof a diversified mix. Countries with a
legacy of nuclear erggr that are committed to new itaiinclude: the USFrance, Japan,
Russia, China and South Korea. Many other countries are exploring or progressing new
nuclear build, includig Sweden, Finland, South Afric@anada, Italy and Belgium. In
addition, countries keen tase nuclear energy the future inclu@ Thailand, Mexico,
Argentina, Philippines, Qatar and Jordan.

27!There are 10 nuclear power plants operating in thé®bkit only three are planned to
operate beyond 2020 (see Tabl® Rluclear energy prides 15% of thedKOs electricity,
but planned closures of olear power stations means thastfigure will derease over the
next 10 years dhe same time as the Governmertiemipts to increase the amount of
electricity produced per unit afarbon. If the UK is to maiain or grow nuclear energyOs
contribution to the national electricity remament, new nuclear peer stations have to
come online quickly.

22 www.guardian.co.uk/environment/20  08/jul/14/nuclearpower.gordonbrown
23 www.world-nuclear.org /info/react ors.html
24 www.world-nuclear.org /info/react ors.html

25 Most of the power stations have 2 reactors. There are a similar number of reactors associated with the naval nuclear
propulsion programme.

26 Ev 421 [British Energy]
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Table 2. Nuclear power stations in the UK

Station Owned by Commissioned Current Closure Date
Oldbury Magnox 1967 2008
Wylfa Magnox 1971 2010
Hinkley Point B British Energy 1976 2016
Hunterston B British Energy 1977 2016
Hartlepool British Energy 1984 2014
Heysham 1 British Energy 1984 2014
Dungeness B British Energy 1985 2018
Heysham 2 British Energy 1988 2023
Torness British Energy 1989 2023
Sizewell B British Energy 1995 2035

28!Clearly, nuclear new bd is a significant egineering challenge, udh, if it is to be
completed quickly and safelyjll require many engineers thirelevant expertise and
experience, as well as a fulbnnected supply a@im. Even without ne build in the UK,
the entire nuclear inditiry employs over 180 graduateand skilled people, and that
number will have to increasethe closing power statiorere to be decommissioned. A
study of Nuclear and Ralogical Skills by thBTI in 2002 reported tht the power, fuel,
defence and clean-up sub-sestaf the nuclear industrwould require approximately
1,000 graduates a year until 2810f these, about 700 wd be replacements for
retirements and 300 in responge the growth in nucleaclean-up. In 2001, the year
preceding the report, these ssibctors were estimated to bervging about 560 graduates
a yeaf® In addition to nuclear ne build and decomimsioning, the UK will have to
consider legacy waste managetneext generation naval ggulsion and retention of a
deterrent capability, not to m&on the many other majocivil engineering programmes
that will be taking place natially and interationally. In short, thre will be significant
competition for egineering skills.

The process for nuclear new build in the UK

291The new build process has been summaltisethe Dalton Nucleamstitute: OAt the
start of the project aimtelligent buyer ad regulatory capability iseeded.O The Oregulatory
capability® in the UK begingith the GenericDesign Assessmer(iGDA) process,
previously known as Opieensingd. The GDA procesas devised by the nuclear
regulators (HSE, th&nvironment Agency and the Sish Environment Protection

27 This is a conservative estimate: the National Skills Academy for Nuclear estimates that 1,500 people need to be
replaced each year, with an additional 11,500 over the next 20 years to complete the task of decommissioning, and
6,500 in other civil/defence sectors, which includes new build (Ev 431).

28 Ev 464 [Institution of Engineering and Technology]
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Agency) to assess the safefynuclear plant dggns. The DaltorNuclear Institute
continues:

[T]he construction phases very much akin to normalvil constructon associated
with any major infrastructure project8ased on a new nuclear build programme
being a £2bn per annum commitment, this eants a small fraction of the existing
construction industry. Apprarately 80% of the list itesrfor a nucleaplant could

be sourced in the UK, and the valudghase components &proximately 50% as
expensive [as] items s@ed from overseas. [E]

With regards to decommissiing [E], the end processiay simply be bulldozing an
historic building. Asfor nuclear power plant construction, this doesnOt need any
significant nuclear gertise. Where the nuclear enggming expertise is required is

in understanding how facilés can be decommissiorréd.

The state of play

30!/In May 2007, the Government invited vensl of nuclear reactors interested in
building nuclear plantg the UK to have theidesigns assessed agamset otligibility

criteria for the first stage tiie assessment process. In July 2007, four such designs were
declared eligible for the firstage of GDA: Atomic Energyf Canada Ltd submitted the

ACR 1000; EDF-Areva submatl the EPR; GE-Hitachi sulited the GE ESBWR; and
Toshiba-Westinghouse mitted the AP 1009.

31!In January 2008, the Govemant published Meeting thEnergy Challenge: A White
Paper on Nuclear Power in whighannounced that Oit woul in the public interest to
allow energy companies the option ofiésting in new nuclear power statiofisOhe
Health and Safety Executive and the EnvirenttAgency have compéet the initial stage
of the GDA process and concludedt Othey could see no shail$fat this stageNin terms
of safety, security or the environmentNigh would prevent any of the designs from
ultimately being constructed am licensed site in the UR®However, since then, Atomic
Energy of Canada hasogped out of the proceé8sand GE-Hitachihas temporarily
suspended its application léay only EDF-Arevand Toshiba-Westinghse as potential
players in the fitsround of new build?

3210n 23 June 2008The Guardianreported on a letteto BERR from Dr Mike
Weightman, HM Chief Inspectaf Nuclear Installations:

Government plans for a new gestgon of nuclear power ations risk delays [and
rising costs] after warnind®y its own inspectors thaip decision can be made on
reactor designs because shartage of skilled engineéts.

29 Ev416b417
30 www.hse.gov.uk/nuclear /reactors/index.htm
31 BERR (2008) OMeeting the Energy Challenge: A White Paper on Nuclear PowerO, p 10

32 Health and Safety Executive website, UK Nuclear Regulators New Reactor Assessment, www.hse.gov.uk/newreactors .

33 www.hse.gov.uk/newr eactors/index.htm
34 www.world-nuclear-news.or g/print.aspx ?id=23046

35 www.guardian.co.uk/world/2008 /jun/23/nuclear.greenpolitics
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Dr Weightman confirmed in oraévidence that hevas struggling to recruit sufficient
inspectors. He told us in July 2008 thathlad 153! full-time equvalent inspectors and
was expecting to recruit alio0 more people. He bleakhpoted, however, that: OFor
existing predictive businesxcluding new build need 1920 [emphasis addedlhe
Minister confirmed that there f@asome issues around skitigpacityO in relation to the
GDA proces$’ However, when we asked him ietovernment will complete the GDA
process on time, he optimistllyNalthough notconfidentlyNansweredOWe believe we
can®?

33IThe Generic Design Assessment (GDA) process is important and requires highly
skilled inspectors. The Govement should make aailable sufficientresources to the
Health and Safety Executive and the Envmment Agency so thathey can recruit
enough staff to comfete the GDA process in a timefashion and to tle high standards
required. A clear timetable shoultde published byhe end of 2009.

Skills shortages in nuclear engineering

341\We found plenty of evidence to suggest thate are very real ik shortages in the
nuclear industry. As d&eribed above, it is the Genericsigm Assessmeand licensing of
the nuclear technologies that dema the most immediate demafidThere are also
shortages of HSE inspectors, safety caséalsgiec and project managers with nuclear
experiencé? However, across the nuateengineering sector as a whole there is an
oversupply of people qualifieat S/INVQ Level 1 and beland S/NVQ Leved and above.

It is those jobs for which I8¥/Q level 2 and 3 qualified pdepare requiredNwho account
for 53% of the nucleardistryNwhere thedeficit exists e Figure 13

36 Q174 [Ev 394]

37 Q240 [Ev 404]

38 As above.

39 Ev 410 [BERR & DIUS]; Ev 454 [RAENg]
40 Ev 436 [Cogent & NSAN]

41 Ev 438 [Cogent & NSAN]. Cogent, in collaboration with othe r Sector Skills Councils, Skills Academies and
Government bodies, has started a new labour market intelligen  ce survey to update data across the nuclear industry,
including new build and capturing the full capability in the nuclear defence sector.
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Figure 1. Percentages of employees in the nuclear industry with SINVQ | evels 1D4 against required
S/NVQ levels. From Cogent fact sheet, June 2008
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35!Additionally, the nucleaindustry has an &jng emploge base:

The SET [science, engering and teatology] workforce has imore ageing profile

than the overall industry. 11% are due to retire over the next 10 years, but this could
rise as high as 20% if garbtirements at agg0 occur. Certain ans were found to

have an older workforce.g. 44% of proce&smachine operativegre aged over 45.
While overall demand for thigroup may be declining this aatstripped by the rate

of retirements. Nuclear heat generatiors laam ageing profile with 18% due to retire
over the next 10 years; howethes could rise up to 33% if early retirements otcur.

36!Some concern has been raidbdt these problems ithe nuclear sector will be
problematic come th€ommencement of aew build programmeln particular, the

already skills-short sector ddube further damagkby internal competition for talent,
between decommissimng, the military and civil new build® However, the Royal
Academy of Engineering noted that:

There is nothing technicallifficult in the decommissiting of the UKOs graphite
reactors. It does not require nuclear eegiing because onttee reactors have been
defuelled there is niissile material and heamo nuclear or ciitality threats. [E]
Hence, there is no urgency requiring theersion of nuclear engineering expertise
to the task of decommissioniffy.

42 Nuclear Employers Survey, Cogent, 2005, p ii
43 Ev 451 [University of Central Lancashire]; Q 79 [Ev 380] [Clive Smith]
44  Ev 454
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Expert opinion on the feasibilit y of delivering new build

371Despite reservations ailit the speed of the GDA processl skills shortages, we heard
from academics, industry artde Government that the tietable for getting new nuclear
power stations up andunning in ten years time is tighout achievable. Both Professor
Jonathan Billowes, from Dah Nuclear Institug, and Dr StepheGarwood, from Rolls-
Royce, agreed that the Utas not Omissed the bdat@lex Walsh, from BAE Systems,
noted:

We are heavily recruitingt the moment and we areawdy training. There are
certain contractions happergrn other areas of the aerospace industry, for instance,
where there are very good structural weddengineers, aeronautical engineers, who
have skills which are transfelalwith a degree of cross-skilling. It is addres$able.

38I1When asked Ois it doable®n&iWare, from AMEC, answered:

Yes, | think so. We now have long-termbiigy for the plans for a number of the
programmes: the decommisging programmes, the ndwuild programme. Having
that long-term visibility enabéeAMEC and other parts ofdtsupply chain to plan to
respond to that. We are dgran awful lot of recruitment. We are working with
universities and workim with schools, trying to engmage people into science and
engineering, to make sureat we have the right resaas available when we need
them?’

39!We also heard from Rotie Davies, from AREVA,and Adrian Bull, from
Westinghouse, both of whom wereagreement. Air Bull put it:

Mr Bull: This is one occasion where the tinadss that the nuclear industry works
to, which are quite long, actually helpous rather than thether way round. [E] It

is probably going to be ofdlorder of five years before somebody puts a spade in the
ground to start construction work on thesti UK plant, whatever design that might
be. Even if somebody weresign a contract today, theyould have to get through
all of the licensing and site specific @mal processes before they could start
construction. There wilbe a significant lead timehen supply chain companies
know that there is a project there that theywe to resource up to deal with. Like
Areva, we are talking to a number of upply chain compé#s and we have got a
number of arrangemés in place at on&vel or another. People will have that
foresight. When we start took to operation, it is ather five years beyond that.
When somebody puts the first spade indheund then the opators of that plant
will know that the cldk starts tickingand in five yearsO tirtieey need to have the
appropriate number of traed and skilledperators.

Chairman: So you are confideybu can deliver?

Mr Bull: Yes?*®

45
46
47
48

Q 10 [Ev 369]

Q 94 [Ev 383]

Q 96 [Ev 383D384]
Qq 1860187 [Ev 395]
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40!Despite the general optimism, we did com@sg some warnings. The Institution of
Mechanical Engineers tolgs that Othe UKOs capacity iiol bunew generain of nuclear
power stationss uncertain®. And the Royal Academy of §ineering pointed out that,
irrespective of whethaghe UK can deliver newuclear power stationsy 2018, Othe UK
could by no means lself-sufficienin the building of a new geration of nuclear power
stations in the timescalesquiredO (ephasis added). The Governmendid not agree
with this analysis and argued that OTherm igeason to believe that we need to bring in
any significant levels [ehgineers] from abroad®.

41!We note the GovernmentOs optimism thadelivering new nuekar power stations
within ten years is possiblddowever, we are not convincatiat the skills shortage in
nuclear engineering aa be bridged quite aseasily as somdiave suggested. In
particular, the Generic DesignAssessment, which kick-starts the whole process, is
already running slower thanexpected, and the remainingvorkforce is ageing. The
Government must continueits investment in enginedng and nuclear engineering
skills and produce a cleakills plan by the enaf 2009 (see Paragrap33), to ensure its
nuclear new build ambitions can be met.

The nuclear skills sector

4210ur report Re-skilling for recovergrgued that the UK skills sector is overly
complicated. It bemoaned Othaultiplicity of planning oganisationsO, which led to
Oduplication, confusiomnd employer fatigué®We were therefore unsurprised to
discover a typically diffuse setanfanisations charged withgmoting skillan the nuclear
engineering sector, let alone grgyineering sectas a whole.

431There are ten Sect@kills Councils (SSCshat directly represent the engineering
sector (see Table 3). Althou@logent is directlyesponsible for nucleain the context of
new build, ConstructionSlks, Energy & Ulity Skills andSummitSkills arealso directly
relevant. The SSCs exist to reduce skills gapshantages by boostitige skills of existing
workforces and promoting learning in each of their seétors. do this, they work with
employers to develop, review and revise National Occupational Stattdardk,to
produce apprenticeship frameworks.

49 Ev419
50 Ev453
51 Q243 [Ev 404]

52 Innovation, Universities, Science and Skills Committee, First Report of Session 2008-09, Re-skilling for recovery: After
Leitch, implementing skills and training policies , HC 48-1, para 98

53  Skills OgapsO and OshortagesO mean diffat things to skills specialists. Skills gaps exist when an existing workforce
requires additional training: skills  shortages require recruitment.

54 National Occupational St andards describe what an i ndividual needs to do, know a nd understand in order to carry
out a particular job role or function.
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Table 3. Sector Skills Councils repr esenting the engineering sector

Sector Skills Council RepresentingE

Cogent Chemicals and pharma ceuticals, oil and gas, nuclear, petroleum and
polymer industries

ConstructionSkills Construction industry

e-skills uk IT and telecoms industries

Energy & Utility Skills  |Electricity, gas, waste management and water industries

GoSkills Passenger transport industries

Improve Ltd Food and drink manufacturing and processing

Proskills Building products, coatings, extractives, gl ass and print industries

Semta Science, engineering & manufacturing technologies

Skillfast-UK Design, manufacturing and servic ing of clothing, f ootwear and textile
fabrics

SummitSkills Building services engineering

441Working alongside the SSCs are National Skills Academies, which are employer-led
centres of excelleacthat deliver training at all levelBhe National Sks Academy for
Nuclear (NSAN) is @fusing primarily on addressing the acute gap in technical and
vocational skills®.This is in contrast to the Natial Nuclear Labatory (NNL)Nwhich
describes itself ash@tonly commercially rurorganisation in the UK with a specific
government remit to preserve agdow nuclear engeering skills@which is charged
with maintaining the Oskills pipelined attiter end of the spectm: post-graduate and
professional nuclear engineering. In betw NSAN (vocatiomatraining) and NNL
(postgraduate training) are the universi which train youngpeople in general
engineering and in some cases specifidallnuclear engineery; for example, MSc
courses such as thamBingham University Physs & Technology dlluclear Reactors or
the Nuclear Technolty Education Consattm (N-TEC) Course.

451Although this brief descriptionf the nuclear skillsector is a simplifit@n, it is useful
to outline the general areasre$ponsibility. Duringhe course of the indpy, we were not
presented with such asi®iption. It would have been ofriedit, not only to us, but also to
the Minister, who, retavely new in postdid not seem to knowvhich institution has
responsibility foreach area of skills provision:

We have the National Skiksademy for Nuclear and that is helping to develop [E]
the capacity in universities withgreesNMasters degrees in particdfar.

46!Perhaps the reason for confusion is tal#tough NSAN currently focuses on NVQ
levels 2 and 3, it ot (should the industry demani) develop strongr links with

55 www.nuclear.nsacadem y.co.uk/about-us/ about-skills-academy
56 Ev 498
57 Q 239 [Ev 404]
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universities and the NNL, whichquride training at levels 8,and above. Such employer-
led flexibility is importantput is undermined in the akence ofNat least we found no
evidence forNa master g for the provision okills: how many pet® were needed at
each NVQ level ahin which field to diéver on the Government@sclear ambitions. For
example, as Professor Billowes put it:

[W]e are going to need ofmors to operate plant[s] fro2018, and they should be
in the educational system now and thegde career path; they have got to be
suitably qualifiecnd experienced, and getting experience takes¥ears.

471We welcome the formation of the Natiwal Skills Academy for Nuclear: employer-
led training is the bestway to ensure that idustry gets the skillst requires. However,

we also believe that there should be greater clarity from industry and Government
about which institutions do whatin terms of skills provision.

R&D and skills capacity in nuclear engineering

481Between the various prognaes in civil and nfitary nuclear fisen and nuclear
fusion, the UK has a strong research laswiclear physics and engineering. The UKOs
fusion research is world-clag®esearchers andgeneers at UKAEA, Culham, look after
JET, the worldOs largest tokaffaleactor, on behalf of the European fusion R&D
community. Knowledge gained through research at Culham is directly contributing to
ITER, the internationacollaboration to build a prototypeommercial fusion reactor. The

UK also has strength in nuclear fissiomiaerering. In peicular, as DrGarwood from
Rolls-Royce put it:

There is a very strong strength on destih in [the UK]. [Rolls-Royce] has been
designing pressurised water reactors foy&érs. [It has] 850uclear engineers in
the broader sense working today that activity and thas a continuing skill. There
is also [E] a very strongapability out in the supply chaiand in certain industries
in the nuclear ared.

491Professor Billowes, Dalton Neelr Institute, agreed thatdlUK Ohas a lot of expertise
in different reactor system&®ut warned that research inigharea is under threat since
Owe cannot get research mpfiem EPSRC [E] beasse there is the perception that the
United Kingdom is ndonger supporting advanced reactor R&DThis perception is at
least in part due to the UKdbsence from several of the intional research projects on
fourth generation reactors. Fexample, in October 2006, tleemer Department of Trade
and Industry (DTI) withdrewthe UK from active memberigh of the Generation IV
International Forum (Gen-IV or GIF) chartefFhe GIF programme was started in 2000 by
nine countries, including the UK and is currently atsidering six reactor types. Although

58 Q9[Ev369]

59 Joint European Torus

60 A torus-shaped magnetic chamber
61 QO5J[Ev369]

62 Q11 [Ev 370]

63 Same as above.

64 Introduction to Generation IV Nuclear Energy ~ Systems and the International Forum, www.gen-
4.0rg/PDFs/GIF_introduction.pdf
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the UK retains GIF membership, it is a OrativeO partner. The UKOs withdrawal has been
explained as a refocusing DTIOs priorities following ¢hEnergy Review towards near
term objectives, and means tiBERR will no longeprovide the annudunding of up to

£5 million for UK researars to participate in GI¥.The Government said:

We took a view that there were otheeas that we wanted to prioritise. As you
know, this technologyand experimental work is likely to produe significant,
commercial development until after abouBBR0The aim is tonsure that we focus
on other areas of researdWe are involved in [Tois] and we are encouraging
university research.

However, we notdAMECOs opinion:

Participation in internationatollaborative R&D mjects has proveto be a valuable
training ground in maintaining and deteping UK nuclear skills. For example,
AMEC has been able to mtin a competent reactqhysics capability to assess
new reactor designs, rathéman just provide ongoing suppdo existing designs.
This has been achieveddhgh participationin Generation IV programmes. The
UK GovernmentOs withdravedisupport to these progranes is viewed negatively
by industry and by our international partiseas reducing the UWBs standing in the
international nuclear community and removing a vital industrial training route.
AMEC strongly urges the Government to reddesits support to these activiti&s.

We also note Rfessor JonathaBillowes® comment:

it is not just the Gen-I\pprogramme. There are othfnresearch programmes] in
Europe [where] the UK is the only wdry missing from the table, like the
accelerator-driven systems and energy dimplsystems. Welo not seem to be
engaging even with Europe in nuclear engineering &reas.

50!The design of fourth generation nuclear aetors will go aheadvith or without UK
participation, and it is likely that the UK wli want to start building fourth generation
power stations in the future. Tk UK should avoid posioning itself so that it has little
expertise in the very ntiear systems it needs in thetfwe. In a post-oil economy,
nuclear power will be a majoplayer in the energy markt and the UK should grasp
enthusiastically the opportury to take a lead role inthe international nuclear
industry.

51!We estimate that it wadd only cost an additional £9ilfion per year tamaintain and
improve UK knowledge;apability and international ineement in nuaar engineering
R&D projects. For example, Europe has an aouoisipplan for a demonstration fast reactor
by 2020 and the UK haapability in this areaHowever, unless UKgearchers are able to
contribute to the EU and GIF programmese tbK runs the risk obeing sidelined in
future EU energy polc Involvement in this researeinea would cost £1 million per year.

65 Ev 475 [Royal Society]
66 Q 266 [Ev 408]

67 Ev426D427

68 Q35[Ev374]



Our full breakdown of areas in which the Wkuld benefit from research investment is

given in Table 4.

Table 4. Proposed Annual Investment
Maintain Knowledge,
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Requirement in Advanced Reacto rs & Fuel Cycle for UK to

Capability and International Involvement

Research
area

Estimated cost
per annum

Consortia

Benefit/Reason

High
temperature
reactors

£2.0m

Gen 1V, EU,
PBMR,
NGNP

Small reactors for hydrogen economy and
non-electricity use.

Reactors well suited to deep-burning UK
plutonium stockpile.

Keeps UK knowledge of graphite developed
for safety case support to existing Magnox
and AGR Reactors.

Sodium
Cooled Fast
Reactors

£1.0m

EU, Gen IV

Europe has an ambitious plan for
demonstration fast reactor by 2020. The UK
has capability in this area and unless UK
researchers contribute, the UK risks being
sidelined on future EU energy policy.

Fuel Cycle
Technology

£25m

EU, Gen IV,
AFCI

Advanced fuel cycles are integral part of B
advanced reactors, but novel fuel OtreatmentO
technology is needed.

There is a significant number of applications
of novel fuel cycle technology to support
treatment of legacy waste at Sellafield.

Novel LWRs

£1.0m

EU, IAEA,
IRIS

This R&D directly suppo rts skills and capability
for existing reactors, lifetime extension and
the deployment of new Gen Ill systems.

Gen Il R&D

£20m

UK domestic

This is predominantly a domestic UK

programme to support the establishment of

the right capability, sk ills pipeline associated
with the Onoveld aspects of Gen Il systems that
the UK needs to ensu re it has intelligent
customer capability, for example, thermal
hydraulics, control a nd instrumentation, and
safety systems.

International
Engagement

£0.5m

IAEA / OECD

The UK should ensure it plays a key role in
international initiati  ves such as those
coordinated by the IAEA or OECD. Otherwise
the UK will lose influence in international
nuclear energy development, industry and

policy.

TOTAL

£9.0m

521The Government should ausider which research mgrammesNincluding the
Generation IV programme, EURATOM, andAEA and OECD research programmesN
are required to support i nuclear activities. We singly recommnend that the
Government commissionthe National Nuclear Laboratory to conduct a cost-benefit
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analysis on what international R&D offerdhe UK in relation to maintaining UK
nuclear engineering capabilitand ensuring future UK eargy policyis supported.

A way forward for nuc lear engineering

53!During our visit to China and Japan, werevémpressed by botadministrationsO
approach to large scale engineering projédte. most impressive characteristic of the
Chinese and Japanese Govemisisin stark contrast to th UKNwas an unwavering
confidence that whatev was decided should be doneulslobe done, on time and to
budget. We noticed that the Chinese and Japasfési@ls referred tengineering projects
with confidence in p& because each projgs accompanied by detailed roadmap for
delivery. Such roadmaps fortme bedrock of the policy fomation and project delivery
processNand their existence is linked to arambiguous emphasis dghe provision of
skills and also the importanceeaigineering advidhat exists in those administrations (an
issue to which we return lajeIf a person workd in an environment in which each
project has a comprehensipkan for deliverythat is actedipon and is alays met, he or
she would become confident the ability of tlat administrationto deliver complex
engineering projects. This ot something that happens WK Government. We have
outlined above our concerrregarding uncritical optimism regarding the provision of
skills for nuclear new build. Fimr, when we asked the miiter on the GovernmentOs
plan to deliver an 80%¢duction in carbon emésons, he said of thiele of nuclear power:

We do not have a statistical Owe Whist percentage generation® but we have
dropped over the last fewars from about 19 per ceti about 15 per cent. We
certainly would want to repte that sort of area ti nuclear generation of
electricity?®

541When asked if he wanted eigitéitions as a hard and fasimber, as hableen reported
in the newspaps, he replied:

No. What we are looking & how we can get a numhbernuclear power stations
going. Whether we get to tharget we are aiming forilvdepend on a number of
factors. You have already seen the stgmif announcementf EDF and British

Energy which suggests wellvget some developmentidg quickly. By Ofairly
quicklyO we are talking about 2017/2018.

55!The Chairman summarigethe MinisterOs performandering oral @idence: OWith
respect, you have not said a single thing alvbat you are actually og to do, other than
that you are going to do O

56!Despite the lack of a plahgere is an acceptancathhere should be a plan:

Mr Boswell: Just to pursue the various playerghis orchestra: the National Skills
Academy for Nuclear, the National Nuclear Laboratory, the Nuclear
Decommissioning Authority, Cogent, tfieoyal Academy of Engineering [E], the
universities [E] and [E] the nev Nuclear Institute which igoing to be formed out

69 Q 264 [Ev 408]
70 Q237 [Ev 404]
71 Q245 [Ev 405]
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of the Institution of Nuclear Engineersdathe British NucleaEnergy Society. You
have added in two new bosdi¢E]: the Office for Niclear Development and the
Nuclear Development Forum. How on dars the Governmengoing to conduct

this particular orchestra, makere it is all playig in tune and get® the end of the

piece at the right time?

Mr OOBrienBecause we have set up the ONB Qfffice for Nuclear Development,
it is their job in a sense @msure that the conducting tfe orchestra is done in a
way that produces &tune that we want.

Mr Boswell:They are in the driving seat?

Mr OOBrienThey are essentially there to makeeseverything work effectively. |
demur slightly from being ithe driving seat, #y do not directlyontrol companies

or anything like that. It is their job to saThis is where we are. That is where we
want to be. This is how we get there $drtiebody is going foéit the wrong angle,
then we tell ministers @mministers will have theljoof pulling them back.

571We support the formation of the Office for Nuclea Development, but remain
concerned about the lack of a clear and ditd plan for delivering the next generation
of nuclear paver stations.There should be a master roadmap for all major engineering
projects, including nuclear ne build. The Officefor Nuclear Development should take
ownership of the roadmap for nuclear. Theadmap should include consideration of:
what skills are requirecbver time and whatill be neededo deliver the skills capacity
ahead of time; other gemal engineering programmesand nuclear engineering
programmes, both national and internatioal; potential bottlene&s in the supply
chain; and who is responsible for the dedry of each part ofthe roadmap. There
should be six-monthy progress reports against the roathp. The roadmap should be
in place by tke end of 2009.

Case study conclusion: skills

58!The exploration of skills ises through the lens of nedr engineering has proved a
useful exercise. The key poiwes took out of this case stu@dyating to skills were that:

" Ithe consideration of skills shiages is a critical issue for the nuclear engineering sector;

' Ithe Government must continue its investment in engineering and nuclear engineering
skills and maintain a wehing brief on the development siills pertinento its nuclear
new build arbitions; and

' Ithere should be better clgrifrom industry and Governent across each engineering
sector about which institions do what in term of skills provision.

59!1Skills requirements will vafyom sector to sector and we consider broader skills issues
for the engineering community in Chapter 6. \&ke particularly minfll of the fact that

the nuclear engeering sector has a long history of skills provision and that that is not the
case in all engineering sectdrsthe next chaptewe consider an emgng industry that

does not have such a historyskills provision: plastic eleotnics. The chapter focuses on
issues relating to innovation and commercialisation; skills issues in relation to plastic
electronics are considered in Chapter 6.

72 Qg 2550256 [Ev 406D407]
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3IPlastic electronics engineeringN
Innovation and commercialisation

The message that | picked when | started my life as aysicist is that one should
never under-estimate the power of emgng to convert something that appears
not necessarily to be promising irgomething that is spectacularly géad.

Professor Sir Richard Friend, University of Cambridge

Background

60!0ur decision to undertake thease study partly aroserft comments byrofessor Sir
David King, former Government Chief Scietifdviser (GCSA), oithe potential for
plastic electronics to disrupt global markets dtectronic devices:rOBritain we have a
world-leading position in a ¢élnology that cod wipe out silicon ap technology and
could convert photovoltaics inteasily accessiématerials at a muatheaper price, and |
am talking about plastic electroni¢$O.

61!As an emerging industry, the plastic eledtsrsector provides wgth an opportunity

to examine the transition of actenology from the research laboratory to the market place.
Further, Professor King@ssertion that plastaectronics is a sector in which the UK could
lead the world provides faan opportunity to explore dw the Government supports
innovative industriesa discussion made all the momadly given that Lord Drayson,
Minister for Science @hinnovation (DIUS), ha committed to leadi Oa serious debate
about the areas of focus this country in the futuré®

| think that we need to look at the global environment, we need to note that the
countries with whom we are competihgve made stragéec choices about the areas
in which they believe theyeabest placed to focus.

| think it would be actually good for the cdonto get a clear seneéwhat it is we
think we can lead the world over the net ten year$?

62!The Prime Minster has also alluded the potential for Garnment to strategically
support areas of scientific dwtechnological strength, but oha clear thahe did not see
this as a returno the industrial policie of the 1960s and 1%7@here the Government
attempted to pick winners:

The picking winners strategyas about taking one compaor a second company
and saying that we were going to back simgle company to theilt, and it led, of

course, to some of the probile of the old industrial picies. This is a policy of
saying, look: there are sas where we have got gregnius. Biosciences, life
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sciences, is one; advanced sections of information technology is another; the creative
industries are another. Let us back theettgoment of skills ahresearch in these
sectors. That is what we are talking aBout.

63!We would not advocate thathe Government back dividual companis. However,
while the Prime Minister has reguised that Oit igtal that our portfolio of early-stage,
high-value businesses survifie downturn to secure oudong-term future competitive
advantageO, we are unconvinced that at thentuime a disruptivéechnology could ever
flourish in the UK. If this is to change gtiovernment must nainly have the technical
capacity to identify such innovations, budabesign a mechanidior providing targeted
financial support when require@W/e note that other nations ¥ adopted the approach of
very strong support for pre-competitive R&ia Government-fundednstitutions that
engage closely with the induatrbase at all lelgeand via Ministry-onvened industrial
consortia. This is especiallyérof Japan, Korea@iaiwan but is also evident within the
German Fraunhofer Institutionand related consortiactivities. We discuss these issues in
further detail during this chapter and welae, in principle, LordDrayson’'s commitment
to debate the future formnd focus of UK scieea@nd engirering policy.

Plastic electronics

641Semiconductor devicesNelectic components made afemiconductor materialsN
are essential imodern electronic devicé€mobile phones and coragers, for example).
Today, an inorganic materiailicon (Si) is usetb create the majoyitof semiconductor
devices used in commercial dpations (with the exceptioof light emitting devices
where 1lI-V semiconductors are ug®d Professor Sir RichdirFriend, University of
Cambridge, told us that plastic electroniesearch presents an opportunity to Ouse
materials that one would call &itsO, that is maorrectly polymerdE to] provide the
semi-conducting behaviouf®.

65!0Plastic electros{@ can be broadly defined asbthach of electronics encompassing
semiconductor devise both organic anéhorganic, fabricated bynethods compatible
with high throughput, and low temperature proce$ése difference theeen traditional
electronics and plastic electronics is not ssagly one of electronic principles, but of
materials and fabrication metho#id-or instance, while silicasemiconductorsiormally
need to be manufactured on rigid subssat usually at higllemperatures, plastic
electronics offershe potential to dnt active semiconductor digesNsuch as thin film
transistors (TFTJon non-conventional fexible substrate@lastic, metal or paper, for
example). Professor Friend outlined the potartr increased manufaeing flexibility to
impact on device functionality:

77 Uncorrected transcript of oral evidence taken before the Liaison Committee on 12 February 2009, HC (2008D09)
257-i, Q 40

78 Semiconductor alloys made from el ements from Group Il and Group V on th e periodic table, such as Gallium
Arsenide (GaAs).
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At the moment, in order to nk& a circuit with electraa devices in it, you really
have to make it on a verybte, expensive substrateNaeslaf a silicorcrystal, or a
sheet of very expensive glassil that means that thesegrized items that have to
be placed carefully and used cdtefulf, on the othe hand, we can have
functionality painted or printed everhere, then there are huge ranges of
applications for semi-conductorsahare currentl not served?

66!Increased functionality is ab the only benefit that plastic electronics can offer
electronic devices relative toneentional technolgies. Other advantag include waste
reductions during manufacture through the addiodegradable substrates and ultra-thin
layers of material, and recked energy consumption durimganufacture and device Se.

In developing products, the mhefits offered by organic semiconductors must be weighed
against the superior durabilibffered by silion chips.

Niche technology or global opportunity?

67!Disruptive technologies function to createw technological markets, or transform or
eliminate established en. Past technological disrupts include teldpony, the digital
camera, and the computer. §tpotential for plastic elgonic technolgies to disrupt
current markets was ised by ProfessorrSDavid King when he td us that plastic
electronics could Owipe out siticchip technologyO and th@it is exactlyhe sort of
technology that will completely sep aside existing technologi#s®echnologies in
development, and poteatiapplications, are dined in Table 5.

Table 5. Plastic electronic technologies

Technology Benefits Functionality

Organic Light Emitting Relative to LCDs: lower Displays: mobile phones; MP3 players;
Diode (OLED): Thin-film weight, thickness and televisions.

device with an organic power consumption; Lighting: potential to displace

layer that emits light when readability from every conventional light sources such as

a current flows through it. direction; wide operating fluorescent and incandescent lights.

temperature; ultra-fast
switching speed.
Relative to conventional
light technologies: longer
life; lower environmental
impacts; reduced energy
consumption. 8

Organic photovoltaic Lightweight, flexible and Contribute to renewable electricity
(OPV) cells: Light shone can be manufactured on a generation, especially in the context of
on OPV cells generates a roll-to-roll web. local generation where no grid

current. infrastructure exists. 8¢
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Radio-frequency
identification (RfID):
Wireless recognition
technology that store and
allows remote retrieval of
data.

Potential for radical cost
reduction through all-
printed or Ochipless® RfI¥’

RfID tags can be applied to or
incorporated in objects for the purpose
of identification

Non-light-emitting

Displays: Reflective or
transmissive properties of a
material are changed
locally via the action of an
electric field.

Displays can be produced
on flexible plastic, metal or
even paper substrates.

Products include: an LCD display that
can be rolled out of a mobile phone; e-
readers; e-books. 88

Sensors

Depositing plastic
electronics circuits onto a
surface using ink-jet (and
other) printers would
make it possible to
produce cheap electronic
OchipsO/sensors.

Intelligent packaging to display: if food
or liquid is OoffO; time during
storage/transport. 8

Medical sensors: monitor/diagnose
health conditions. °°

Flexible patches for localised
photodynamic therapy for the cure of

certain skin cancers. !

681Estimates of growth in theggitic electronics market appéarsupport Professor KingOs
view of the sectorOs potent@llechExNa company that prides global angis of the
printed electronics industryNestimated thie worldwide market for printed electronics
will increase from $1.1i&@llion in 2007 to $48 billion b3017 and $330 billidoy 2027, and
technology analysts suggest theiv markets in the sector ddibe valued at hundreds of
billions of dollars in twenty years tirfre.

69!Rapid growth in the globailastic electronics market waxpected by some of our
witnesse$: For example, Dr Keith Rolkn Dupont Teijin Films (a manufacturer of plastic
substrates), told us th@tthis industry is on th®ink of explosive growttf®and Professor
Friend identified plastic eledinics as having Oallote indicators to say that it can be
disruptive® However, Dr la French (who works on dison-based technology) and M-
Solv (a company working on a eology that is competitive plastic electronics) were
more cautious, the latter stag that: Oit isimply not the case [Ethat] OLED [Organic
Light Emitting Diodesjand plastic transisterwill be the dominanglectronic system to
supplant inorganic (silan) technology for ta foreseeable futur&O.

87 Ev552
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70!The potential for plastic electronics resdato create new products, and even entire
new industries, waidentified by the Couail for Science and Techiogy (CST) in its 2007
report, Strategic decision making for technology @3lifp enable the UK to take a
strategic view of where to camtrate support mechanisms, and to capture as much value
as possible from this ddeping market, CST reconmended that the Government
undertake a comprehensive valahain analysis of the plastic electronics sector. Asked
whether it intended to implemenhis recommendation, DIU&ported that the project
had been completed by BERR, in collabonatvith UK Trade ad Investment (UKTI),

and the outcomes published Pia8tic Electronics in the NK guide to UK capability?

71!We do not believe the content of the BEBRRT| report equateso the Ovalue chain
analysisO called for by CSTh&ahan identifying where thgotential value in the sector
lies, and how the UK might capitalise on thepportunities, the port describes plastic
electronic technologies and catalogues thedsts of university andusinesses active in
the sector. DIUS highlights wodonducted by Dr Zella King, Wrersity of Reading, as a
further effort to analyse the WS plastic efemic sectof® In June 2008, Dr King
produced a OCompetence Mélrirtended to Oaid understagdibout how near we are to
bringing products to market in the UK, whiihds of markets the UK might be able to
dominate, and the feasibilibf collaboration to brig technologiet> market@® Although
valuable, this research doed provide a comprehensiveadmap for taking the industry
forward.

72!The UK is well placed to capitalise ongreconomic potential of the growing plastic
electronics industry. Howevenve are concerned #t without a clearunderstanding of
how best to build on and marit the UKOs strengths ihi$ sector this opportunity
might not be fully realised.We urge BERR to egage with the Teamology Strategy
Board, UK Tradeand Investment, UK Dsplays and LightingKnowledge Transfer
Network and the plastic electronics commuryitto develop a technology roadmap. In
constructing this roadmap it is essentiathat stakeholders aoss the sector be
consulted, from spin-out companies to multinationals.

Research infrastructure
Funding

731Professor Sue lon, Royal Acageai Engineering, told usiat OAccess to capital is a
key issue to get you from good laboratoslesgvork through to a ptotype that you can
then industrialise®! UK-based researchlegant to the developmeand application of
plastic electronic technologiés supported by both pubknd private finance. We review
funding sources, their interrelationships an@ittpotential to support innovative research
below.

97 Council for Science and Technology, Strategic decision making for technology policy , November 2007
98 BERRPlastic Electronics in the UK: a guide to UK capability 2008D09 , April 2008
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Research Councils

741The Engineering and Physicatiences Research Cour(@iPSRC) is the principal
public funder of plastielectronics researcPy.

75!EPSRC invests a total oband £740 million per annunn researchand training
activities, of which £68.2 mdh is spent orresearch, training anknowledge transfer
activities of Odirectlevance to the area of plastic electrorifégl2% of this investment is
provided to universitieshrough investigator-lé research, 38% isesg on projects in
collaboration with industriapartners and other stakeholde@nd 3.8% of the total is
invested in the trainingf postgradute student$®

76!While we welcome EPSR@®sstment in plastic electrosicesearch, wate that the
funding level it repog is for projects thafire Oplaying within the plastic electronics
space®s Consequently, these funds might alsccbented as supporting other research
areas (for example the deymment of micro- and mnao-technologies or more
fundamental syritesis and molecular rdelling activities).

77!We recognise that the multidisciplinary negiof plastic electrocs research may make

it difficult to identify those projects specifio the sector, and belietteis makes EPSRCOs
investments in centres suas the Cambridge Integratd@howledge Centre and the
Organic Materials Innovatio€entre (based in Manchegtéwhich provide support for
plastic electronics researchNevenore valuable. We note also that since starting this
inquiry, EPSRC has announcdd) a programme for joint fufing of Japanese-UK co-
operative research projects in the areaO@ixide Electronics, @mic Electronics and
Spintronics@® and (b) the establishment of a DaeloTraining Centre focused on the
science and application ofgtic electronic materials.We welcome thesdevelopments.

The Technology Strategy Board

78!The Government establishetie Technology Strateggoard through the former
Department for Trade and Indugt(DTI) in 2004. As a busess-focused organisation, the
Technology Strategy Bal is charged with stimulatingeGhnology-enabled innovation in
the areas which offéine greatest scoperfooosting UK growttand productivity@2 It has
operated at armQOs length from Governnasna non-departmentgublic body (NDPB)
since 1 July 2007.

79!As at June 2008, the total value of tigaslectronics projects supported by the
Technology Strategy Board was £52 milliaf which £27 million is provided by
industry2® When asked about the value of fliechnology StrategBoardOs funding

102 Note that Dr Zella KingOs re search was funded by the ESRC.
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programmes, Richard Price tale that his spin-out compgnNano e-Print, had found
them to be Oinadély importantO:

Firstly, it brings togetheconsortia that would not wessarily have come together
unless there was govemant support to share the riskecondly, it heklpus in terms
of our cash flow and enables us to furitievelop before we hate@go back to the
market for more investent. It also helps us buildlagonships withsome of the
knowledge transfer networlksd to grow orgawcally some of ounetworks within
industry 10

80!We welcome the support for plastic eleatics research and development provided
by EPSRC and the Technology Strategy Board, and believe sustained support by these
organisations is vital to tle growth ofthe industry.

A Managed Programme in plastic electronics

81!Set up by the then DTI, the UK Dispta& Lighting Knowledgdransfer Network
(UKDL KTN) was esiblished Oto supportettisparate nesf the Displays and Lighting
communities in the UK incding small and medium-sizeehterprises (SMEs), OEMs
[Original Equipment Manufeturers] and academic¥©Since its edishment, UKDL
KTNOs role and remit has evolved, and theorletvow provides a fam within which the
plastic electronic community sgdOmeet and cross-fertilisedggto encourage innovation
in the field@'2

82!In 2006, the former DTI and UKDL KTNngaged with the UK plastic electronic
community to develop a comprefsve analysis of the se€sr opportunitiefor growth,
and to identify specific needs for targetegpgut. Logystyx UK Ltd told us that this
process resulted in a propogal a Managed Programme thvaduld ring fence £50 million
funding for R&D investment into plastic eiemics over a periodf up to 5 years:

[T]he proposal was centred on the premise that the PE [plastic electronic]
community is best positioned to assessvits progress and to identify its own needs
for short- and medium-term search activities. It wasapined that an investment
panel comprising a repredative selection of compes and academics would
identify the particular technoftyy hurdles that needed be addressed at any time,
and would run a mini-competon to solicit project propsals againghose topics.

The Panel, together with DTI would agree eotg to be selectéat support, and the
projects would then be funded under themal rules. This proposal was very well
received but coincided witthe split of DTI into DIUS & BERR. The structural
change prevented the proposal fdd@naged Programme being taken forwded.

83!During this inquiry, we heard support fthhe planned introduction of the Managed
Programme, and disappointment that the patjhad not been takdorward. Dr Stuart
Evans, co-founder dtlastic Logic, said:
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Chris Williams [Direcbr of UKDL KTN] ha done a great job building the UKDL
[KTN] into something quite cohesive, but tkeis a step further to go | think, and
that would be a very desirable outcoraed | think if we had had the managed
programme where essentially there lm@&n a commitment to spend the money,
which is being spent anyway, industry Vdokiave had more comtl over that and |
think that would have been very helpfdl.

84!Asked whether he hoped toviee plans for this projec€hris Williams,Director of
UKDL KTN, told us that whil®the concept of a managed paogme is essential for this
nascent industryO, neither BERR or the fieldlgy Strategy Bodrwas receptive to the
proposal. He explaidethat the latter:

Have their own interpretation of innovati: they have their innovation platforms,

they have the collaborative research programme, they have the knowledge transfer
networks [E] but at the saméime they have no vehidle position today to run a
managed programme in the way the DTédiso doNthey have no facility at allN

and it would be veryaluable for our sector, and | auite sure it wald be the same

for other sectors, that were added to their armoury of to8fs.

85!Asked why his organisatiomad not honouredhe former DTIOs commitment to a
Managed Programme, Mike Bi@diTechnology Strategy @&d, told us the £38 million
investment made in plastic electronics, somi iaf conjunction wih Research Councils,

Ois not a million miles away frotmat £50 millionthat was discusseas part of that
investment programmeé®.Further, he asserted that it was not just a case of Othrowing
money at the problemO, but abbringing people togetheand Oattracting new thinking

into the areaO in order to leveragésastment for théenefit of the UKL’

86!Although we welcome thenfncial support provided tdhe plastic electronics
community by the Techriogy Strategy Board, we do not see the vehicles used to deliver
R&D funding as comparabte the Managed Programme proposed by UKDL KTN and
the former DTI. The Managed Fund proposeéltad research projectég 100% of cost. By
contrast, the Technaffy Strategy Board funds acadeutlaborators fo up to 80% of

their Full Economic Csts, industry partner®r 50% of eligible projecosts, and SMEs for

up to 60% of project costs.

871The Technology StratggBoardOs funding sofes target two forms of collaborative
working: science-to-business (a university/business partnership) and business-to-business.
Engaging in a science-to-business collabaratiay be an attractiverospect for a start-
up/spin-out companyHowever, as universitigge unlikely to providsignificantlevels of

project funding, the brunt of anfinancial commitmenwould most likelybe borne by the
fledgling SME. We are concerned that togethese factors combine to put the financial
commitment required to apply fa grant beyond the reach mfny start-up companies,

and that, rather than suppomnovative work by fledglingpusinesses dngrow a new
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industry, the Technology Strategy BoardOs grant schemes principally act to support
established concerns.

88!Finally, we do not consid the Technology Stegy Board to be unigue its ability to

bring people together. As we outlined previpud KDL KTN is appeciated for just this
ability. Indeed, DiRollins told us that theris Oa strong senseommunity around this
space [plastic electronics] witie KTN playing an important rolé®.

89!We do not believe that the Technology Strategy BoardOs grant schemes and the
Managed Programme proposed by UKDKTN and the former-DIl are mutually
exclusive forms of support. URL KTN champions the needs of the plastic electronic
community, and as such we urge BERR and the Technology Strategy Board to engage
with it, and to reconsiderthe deployment ofa Managed Programmin this area.

Venture capital

90!Venture Capital (VC) has pvaded significant keels of financial support to a number
of UK companies involved with plastic elegics. Lord Drayson dfensington, Minister
for Science and Innovation (D&), told us that theery fact these companies have raised
significant VC isOthe best evidence tlaaie can take fathe independenassessment of
this area of technolodyaving a high impact®.

91!The largest single VC invastnt in Europe was raisdéy Plastic Logic. Plastic Logic
raised $50 million between 2086d 2006 to develop its techwogy, and more than $100
million in 2007 to build its firstactory in Dresden, Germadst.However, the Institute of
Physics told us companiestespting to repeat PlastitogicOs fundraigj success
Oexperience difficulty in obtaining private fundif§Nano e-Print believed that
commercial investment in plastic electraniparticularly VCneeds to be increasgd.

92!0ne factor that may limit VC investment in this sector is that investors are unlikely to
see a return on their investment in theoisiierm. However, DiTom Taylor, Printable
Electronic Technology @é&e (PETeC), identifeta wider problem, gigesting that the UK
investment sector tends to be Orisk ign@ramhen it comes tmdncing technological
development or advising on investment decision making:

The city institutionsunderstand financial risk. Thayeed to engage with bodies
which can help them appreciate the tembgy risk [E] that is something where
there has historically been a g#p.

93!The need to address this infeation deficiency ahdrive up privatéenvestment in the
sector was underlined by Pestor King, and his belief thidancial backing from the
Treasury alone would be insufficient to alla@winning technolodgg@uffil its potential:
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[lt is not just government funding | am loiilg for, it is stimulating that wonderful
city [City of London E] tounderstand the opportunitgn its front door step?

94!We asked the Ministaxrhether, given the global economavnturn, it was realistic to
expect the City of London to support innovatimdustries such asgstic electronics. His
response provided us with somgtimism that sah investment woudl be forthcoming:

These are really challging times for business generatligarly, but if one looks at
the opportunity for hi-tech, high-growth Isinesses in the context that those are the
businesses which are goingdeliver the growtlin the future, itis very important
both for the private and theublic sector not teeat the seedcorn during a time of
difficulty. [E] | am actually quite optimstic that there will be@ renewed look at
venture capital investents as an alternative fordge funds. | have already seen
some anecdotal evidence [Eham really gite optimisticl2®

95!The future success of thUK plastic electronics industryot only lies in its ability to
lever public and private finance, but also in the co-ordination of funding sources. We
recommend that BERR, th Technology StrategyBoard and UKDL KTN take
immediate steps to increasthe understanding of technological risk in the private
sector, and to reviewhe funding landscape.

Research centres

96!There are five centres in thi that provide support to #hplastic electronics industry
(Table 6). To ensure these organisations fun@®a co-ordinated tianal resource, each
Centre is representaah its counterpartsO board. Ghiilliams, UKDL KTN, told us he
believed this co-ordinated working hashdtioned to create a Omulti-legged support
platformO for UK industry while allowing each Centre to maintain a speciality¥ocus.
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Table 6. The five research centres supporting UK plastic electronics research, development and

demonstration

Facility

Background

Welsh Centre for Printing
and Coating (WCPC)

Based at Swansea University.

Expertise in preparing and characte rising functional electronic inks
and pastes, and a variety of sh eet-fed and roll-to-roll printing
processes.

Printable Electronics
Technology Centre
(PETeC)

! National open-access pr ototyping institute

I Customers of the centre will be ab

! Located in Sedgefield.

for the development
and commercialisation of printed electronics.

le to test design concepts and
novel materials for a variety of  products including Thin Film
Transistors (TFT) for flexible di splays including e-paper, organic
photovoltaic cells (OPVs) and solid state lighting (SSL) applications.

Centre for Process
Innovation (CPI)

! Based in the North East.
! Process services include: integrated demonstrations and

assessments of new bio, chemo and physical transformations;
atomic layer deposition and reel-to-reel vacuum coating; printable
electronics prototyping; devel opment and testing of alternative
energy applications.

! Provides consultancy services.
I Engages in Odevelopment partnership sO with organisations such as

DuPont and Oxford Instruments.

I CPI is part of the same organisa tion as PETeC and the Centre of

Excellence for Nano, Micro and Photonic Systems (Cenamps).

Organic Materials
Innovation Centre (OMIC)

I Government supported the Unive

I Works with industry to define

| Based in Manchester.

rsity Innovation Centre for
speciality organic materials and polymer industries (principally
EPSRC funded).

! Facilities for the synthesis and purification of the chemicals

required for innovative organic materials chemistry.

and execute research and
technology programmes into or ganic materials and their

application.

Cambridge Integrated
Knowledge Centre (CIKC)

! Principally EPSRC funded.
! Established to develop adva nced devices and related

manufacturing technologies.

Printable Electroni cs Technology Centre

97!Located in Sedgefield in thiorth East of England, PETeC was established with a joint
investment of £6.3 millm from OneNorthEast andCounty Durham Economic
Partnership (including around5 million from Nathern Way). A furher £3.8 million of
capital investment was soudcérom European Region&evelopment Funds, and the
Technology Strategy Board ntobuted £2.1 million towarsl the first phtform of

equipment installatiorn the Centre.
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98!Professor lon, Royal Academy of Engimeertold us that th&€entreNan incubator
for SMEsNprovided a valuablepportunity for tedinology developerso Oplug in and
playG2 making available access dapabilities around subate preparatin, materials
formulation, devicemodelling, process welopment and procssintegration using
advanced printing techniques. Howeverrotighout this inquiry PETeC attracted
significant criticism inthree areas: geographical lomatiproposed business model; and
provision of service§Ve deal with each d¢iiese concerns below.

99!1The suggestion that PETeC magt be Ogeograiohlly correct®, appeared to be
based on its distancgom those academic researclougs engaged in cutting edge
research (University of Cambridge aidperial College London, for exampté&).In
defending the CentreOs locatibligel Perry, Chief Executive Officer of the Centre for
Process Innovation (CPI), made two pointsistrithat the skill-sein the region is
OsignificantO (we ndlkat Siemens had a fagilihearby until recently and second, that
people needed to Ostop thinking about therétifonally andstart thinking about the UK
operating together as a wholeO, arguing tleafitie centres, disttited around the UK
represent the assemlaliya natioral capability:>

100!PETeCOs location is a furani of the fact that it wa established as a regional
initiative. It is an open question whether PETeC would have been sited elsewhere had it
been founded as a nationaksource, something that itindeniably is. However, we do
not see further discussion on this issue asistructive or worthwhile, and wish to see a
line drawn under the debate.

101!The second criticism levelled PETeC centred on the neguof its business model.
Plastic Logic told us that rath than supporting UK ergpreneurial adtity, PETeCOs
business model appeartedbe revenue driven thia significant focusn contract research
for Oa small number of giant Asian etsitts companiesO, and that the Centre had
Ostruggled to definedharticulate a compieng vision ofhow it will benefit the UK plastic
electronics community as a whot&O.

102!We put the concerns of Plastic Logic to Dom Taylor and Nigl Perry. They
explained that, at the current time, oversaastom was vital to theustainability of the
centre for three reasons. First, PETeCOsfuadiangements reqairthe Centre to have
transitioned from being publiclfinanced to financiaself-sustainability within five years.
Economic activity in th&JK plastic electronicsector is, howeer, currentlyinsufficient to
meet this demand. &and, to qualify fo grants unde publicly funde research
competitions, such as those run by the Carbarst, it is neceasy to match the public
funding sought with privatéunding. Without overseas stom, PETeC may be unable to
raise the finance necessary to participatéh@se competitions. mally, engaging with
overseas investors allows PETeC to prtsvecompetence andmprove its business
credentialst?
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103'We asked Mike Biddle, Techogy Strategy Board, whethhe agreed that the
requirement for Centres to become financiaif-sustainable over the relatively short-
term detracts from supportinghnovative UK research. H#isagreed, repartg that it
Ocreates a dynamic ten®, and that, while there wakina to walk between supporting
UK and overseas customers, interaction WithFar East is Oalmost a badge of ho#8urO.

104!We are sympathetic to PETeQf@®d to generate income in order both to assure its
future survival and to allow it to partici@te in UK grant competitions. The Technology
Strategy Board and OneNorthEast should review whether the requirement for self-
sustainability within five years is realistic.

105!The third, and final, concern focused ore thervices PETeC intends to offer. For
example, Dr French reported the Centre b focusing on one particular research
capability (roll-to-roll processing a decision he consideréal be high-risk in terms of
ensuring the Centre@sstainability. Howeer, Dr Taylor rported this to be:

[M]isunderstanding the complexity of theugtion. People see the very impressive
roll technology that we have assembledA&iton in combination with Dupont
Teijin. We have not been alieshow people all the négchnology that is emerging
in PETeC, | think it is pbably fair to say, butig diverse. It has to B8.

106!'We urge PETeC to continualeveloping its relationkips with other Research
Centres, and to liaisewith these Centres tensure national capability in facilitating
R&D across the spectrum of plas electronic technologies.

University research base

107'The UK has a strongcademic basa plastic electronics, t world-class research
activity at a hostof universitied*®* A number of universitypased activities are now
substantially larger in scope than the Centilgat support the sector. For example, the
Imperial programme comprises some 70 peopleereas the Welsh Centre for Printing
and Coating employs 15 stafias 6 PhD students and itihg students, and PETeC
expects to recruit 12 stéff.

108!In order to support high-qualy research, Plastic Logiclieged it was essential for
UK-based academicsle able to access highality research ¢dities and equipment:

[I]f academic groups have access to plagéectronics devicesade in state-of-the-
art industrial facilities (rathethan university labs) thegre more likelyto generate
breakthrough insights that withprove manufacturing effectivené&s.

109!'We were therefore disappténl to hear that despithe UKOs network of publicly
funded centres, UKDL KTNOs academic members:
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136 Universities of Cambridge, Durham, Hull, Imperial College London, Liverpool, Ma nchester, Oxford, QMUL, Sheffield,
St Andrews, Surrey and UCL.
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[Clommented that with few exceptionsethseldom get to perform research work
on state of the art materials and devioesp use the latest metrology equipment.
They are concerned that their reseasdttivities can go tgely unnoticed by
industry, which may nioreadily interpolateéhe improvements thawould beseen if
the work was conducted on thesbavailable materials/equipmétit.

110'During a visit to Imperial College Londoacademics told usahcapital equipment
used for plastic electronics research in WHKiversity laboratories was not globally
competitive. In particular, SveisUS and German research groups were considered to be
better provided for, and geral researchers maintainemllaborations vih research
groups in other EU countries such thateith students could access state-of-the-art
equipment.

111!Some of the initiatives launched to sugpaastic electronics research in countries
such as the United States &ermany are outlined in Table“?.

Table 7. Initiatives to support  the plastic electronics industry

Country Support

United States Public support for plastic electronics research in the United States comes
principally from the Division of Materi  als Research, National Science Foundation
(NSF). NSF funds 14 Materials ResearchScience and Engineering Centres
(MRSECSs). The University of Minnesota MR SEC is the primary centre for plastic
electronics research and has received about $14.9 million over the past seven
years. The Center for Organic Photonics and Electronics at Georgia Tech Centre
will receive $8.1 million over the next six years.

Germany The Federal Research Ministry (BMBF has promoted plastic electronics research
through a number of public-s ector funding initiatives).  These include: !100m to
promote pre-competitive research a nd development of OLEDs; 1360 public-
private-partnership initiati  ve in the area of OPV.

The Federal Government, the Free State of Saxony and the European Union have
invested a total of 125m in the Centre  for Organic Materials and Electronic
Devices Dresden.

Fraunhofer Institute for P hotonic Microsystems (IPMS) has an annual budget of
123m (including !14m from  the public sector).

The Government of the Free State of Sa xony has allocated a total of 19.2m to
R&D projects in the area of polymer electronics.

Japan The New Energy and Industrial Technol ogy Development Orga nisation (NEDO) is
conducting two research prog rammes in the area of or ganic electroluminescence:
OBasic technology for next generation large OLED display (2008/12, £173 million
programme); and OHigh-efficiency Li ghting Based on Organic Light-Emitting
DevicesO (2007/09, £6 million programme). 141

112!The plastic electronics industry is likelyo grow substantiallyover the next few
years. Although the UKOs research base plitsat unique positionto capitalise on this
growth, we must not be caplacent as countrie such as Germanand the USA are
becoming increasingly competitive. We recommend that the Research Centres

139 Ev 582
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141 Myoken Y., Overview of organic electroluminescence R&D in Japan , British Embassy, Japan, 2008
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supporting UK plastic electronics R&D engage with the academic research base to
ensure state-of-the-art facilities are accessible to the academic community.

Bringing products to market
Commercialisation

113!Devices utilising pldéis electronics components ageirrently on the market. For
example, OLED displays are used in sombile phones and MP3gyers. Sony brought
the first television with an OLED displaynarket in December 200&nd duringour visit
to Japan we learned about the ngameration of OLED techragy in the form of a Sony
television with a screen just 0.9 mm thick.

114!'The UK is leading in the early commercialisation of many first-generation plastic
electronic applications. Elun8nmanufactured th&arge electroluminegnt display in the

First Class lounge at British AirwaysO newmifial FiveNalthough this company has since
ceased tradingNand Pelikon manufactures electroluminescent displays for high-end
Universal Remote Control Units & factory in South Walé&.

115!The Council for Science @nTechnology (CSTidentified the UKas having the
potential to be a world-leader the plastic electronicsgoly chain, butautioned that:

The risk is that keparts of the value chain movetside the UK, or that spin-out
companies are bought up by T multinationals at sth an early stage that the
plastic electronics industryever fully deveps a manufactung and product
infrastructure in the UK

116!We are concerned that whlite CST perceived as a risk2007 is nowin fact, a
reality. In Table 8, we hifight the origins, andturrent status, opin-out companies
commonly cited in evidence sulited to this inquiry. Sincéhe inquiry began, several of
these companies have entered into admiatisih or ceased ading. One of these
companies, MicroEmissive Display, citede tbsevere slowdown in the demand for
consumer electronicsO as negatively impaaimghe conversiorof interest in their
business to sales and revetfte.

142 Ev 575
143 Council for Science and Technology, Strategic decision making for technology policy , November 2007

144 www.eetimes.eu/germany/212100996
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Company Spin out from Founded Focus Current status
Plastic Logic University of 2000 The use of flexible Headquarters in
Cambridge plastic substrates for California, USA.
readable displays. Manufacturing
based in Dresden,
Germany.
Cambridge University of 1992 Development of Bought by
Display Cambridge display technologies Sumitomo Chemical
Technologies using solution Company in
(CDT) processable polymer November 2007.
organic light emitting
diodes (P-OLEDSs).
MicroEmissive | University of 1999 P-OLED microdisplay Entered
Displays Edinburgh technologies for head- administration in
mounted displays. November 2008 "
OLED-T South Bank 1999 Materials Ceased trading in
University development. September 2008.
Molecular Imperial College 2001 The integration of In November 2008,
Vision London microfludic chips and Acrongenomics Inc
organic semi- became a
conductor light shareholder in
sources to develop Molecular Vision.
low-cost diagnostic
devices.
Lumicure St Andrews Light sources for use Lumicure is an early
University in photodynamic stage, privately
therapy. held company.
Nano e-Print University of 2006 Development of one- Secured $1M in
Manchester step printing process 2007 from
for the production of Manchester
electronically-enabled Technology Fund
labels. and an undisclosed
private investor.

117!The Minister rightly pointed out, however aththe UKOs failute sufficiently support
spin-outs to grow into establied SMEs was a problem that preceded the current Ocredit
crunchO:

The problem has beewur ability to convert those aneasingly larg numbers of
start-up companies into aificiently large number of adly substantiabusinesses,
and | think that there are a mber of reasons for this. @rof the key reasons is the
economic environment, nothing tdo with the credit crunch; the credit crunch is
making it dramatically more difficult now armtinging all of this into focus, but we
have seen that our high texhlogy companies which haleen built on our science
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base have tended to get to a certain simep@@bly smaller thagiou would see, for
example, in the United Se&at, and then have beeigaiced or have stagnatéd.

118!In the current economic climatbe financial presses felt by SMEare only set to
intensify. We were therefore heartened thg MinisterOs commitment to work with
financial institutions toensure that, over the next sixrime months, adequate capital is
available in the £200,06D£2 million range of fundint® However, a thorough review of
the support offered to businessesthey transition from dg stage R&D to manufacture
may be required if UK companies are to belaviading in production rather than just
research.

119!in addition to technologybased companies, the UK plastic electronic sector has
started to see the emergencea@ivice-based engeises. For example, Cintelliq provides
consultancy services to theganic semiconductor industrgnd C-Change consults on the
science, technology, and applioatof plastic electronics.

120'The UK academic research base shobld applauded for itsstrong record in
Ospinning outO start-up coarpes. Focused support, howevés needed to ensure these
businesses grow intovorld-class entgrises. We recommend that the Technology
Strategy Board, BERR and UKTI consulivith UK business,from start-ups to
multinationals, to identify how best to support the growtlof innovative businesses in
emerging industries.

Device manufacture

121!Plastic electronic devices ncdbe produced through ink-jet printing at room
temperature and pssure. By contrast, the mdacture of silicon seiconductors is only
possible in fabrication plantgith clean room facilitie's! Consequently, whilst fabrication
plants for the manufacture ahany conventional electnic devices and displays can
require capital resoae in excess of $hillion, plastic electmic devices can be
manufactured in plants with a constructioost within the reach of many SMEs.

122!The Royal Academy of Engereng informed us thatjn terms of Oproducing
semiconductors adapted for giaselectronics, there is tloapacity for manufacturing in
the UKO* Although we agree thatémature of the plastic electronics industry means that
manufacturing is not irreversibly destindd migrate to Asiathe evidence we have
received does not gives hope that spintdt companies will abose to base their
manufacturing operatias here in the UKMicroEmissive Displayand Plastic Logic built
their manufacturing plants in Dresdezermany, despite haygnspun out of UK
universities (the formefrom the Univesity of Edinburgh [initidly manned by a large
contingent from Sheffield University], and tlagter from the Univesity of Cambridge).

145 Uncorrected transcript of oral evide nce taken before the Inno vation, Universities, Science and Skills Committee on
26 January 2009, HC (2008D09) 169-i, Q 15
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147 Clean rooms are an area where the environment is controlled to eliminate all dust, dampened against vibration and
climate controlled.
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123!We asked Dr Hermann Hauser, Amad&apital Partners, y Plastic Logic decided
to manufacture its products iDresden. He explained that &denOs success was, at least
in part, down to a strategicasion on their behalf:

When we arrived in Dresdesie were met by the Burgenster, the Mayor, and alll
his team. He said®We really want you heM/e want plastic electronics. It is a key
strategic imperative for us to hathis hereNwhato you want?®

124!Dr Hauser went on tdist three other factors as a@idl to the decision. First, the
availability of trained staff ({@sden was the micro-electromentre of the Eastern Bloc);
second, the ability to build the cessary infrastructurever a short timeeriod (Plastic
LogicOs manufacturing planteapd on 17 September 20@8teen months after the
buildingOs cornerstonas laid in May 20072nd third, the avibility of subsidie&?

125!The potential for countries to act stratetficéo attract inward investment was raised
by the Minister:

We need to recognise that other courstrisuch as Germany, Singapore | know
within biopharmaceuticals, Ireland in thegbahave put really quite enormous sums
of money into attracting #se factories to their regié.

126!'During our visit to Japan, the impact thatrategic investment in the plastic
electronics sector can haw@s apparent. Théapanese Governmentshacted to ensure
strategic capability in the OLEMDdustry of the fture. For instancethe Ministry of
Economy, Trade and Industry (METI), through the New Energy and Industrial
Technology Development Orgaation (NEDO), is providing35 billion (£173 million) to
fund a collaborative projecttweeen Sony, ToshibBanasonic, Sharp anther partners to
develop 40-inch and larger OLED television panels to a pre-competitivestage.

127!The establishment of dustrial consortia talevelop technolies at a pre-competitive
stage is not unique to Japdn. Taiwan, the Industrial Tahnology Research Institute
(ITRI) has worked for 35 years to accelenadieistrial technology development. Its 6,000
employees work on advancedhreology R&D, on intellectual property business and new
ventures and on the provision of a varietynolustrial services. ITRI also nurtures start-
ups through its OOperbi programme. Open Ltas assisted 150 start-ups (and 105 other
companies) and ITRI hasvested some £1 billian this activity aloné In relation to
plastic electronics, ITRI opened a Flexililectronics pilot toratory in 2007 for
Ointegrative tasks from material synthesisyelopment, praatt design, to trial
production3®* ITRI works with international copanies and researdrganisations and
has overseas offices but isuged primarily on generatirgnd sustaining the industrial
base in Taiwan.
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128!The Electronics and Tecommunications Research Institute (ETRYrun by the

Korea Ministry of Knowledg&conomyNhas a very rsilar mission to that of ITRI in
Taiwan. We look to the Technglp Strategy Board take on this convening role in the

UK. However, while the UK has world-leading strengths in basic research underpinning
emerging industries such as plastic electromiesiecognise thatdoes not have the large
companies necessary haild industrial consortia compable to those &sblished in, for
example, JapanWe encourage the Technology r8tegy Board to engage with
multinational companies acrgs Europe to determine whieér pan-European consortia
could be established to progress the devetggmt of emerging irdustries with the
potential for high economic returns.

129!Despite widespreakcognition that othecountries are actingp create capability in
plastic electronics, the UK Government hasartitulated a clear v with regard to its

strategic intent for plastielectronics. We are concerned itég may not only act to deter
future investment in the UK, balso stymie current investmeihh particular we note that

Polymer VisionOs manufactureafable displays iSouthamptonNheralde as a sign that
the UK could establish manufacturingapability in this sgorNis in jeopardy:

With the current manufacturing technologged there, the Sdwatmpton facility will
not be a cost competitive operationthin just 2D3 years. To become cost
competitive at larger volursgPVL [Polymer \&ion Limited] muskstablish greater
production capacity based on a newly tgwed cost-effectivenanufacturing flow.
The preference is to do this in the Bi{ expanding in Southampton. If investment
to do so cannot be a&red then PVL will be forced took abroad to investment in
the required cost-effectivmanufacturing. Th future of the Sdhampton facility
will then bein dangef>®

130!The manufacture of plastic electronics deds is not destinetb occur outside of
the UK. However, we are extremely conoed that without urgent action by the
Government this will be the reality. As in our previous recommendation (Paragraph
72), we urge the Govement to engage with the plastielectronics community, and to
articulate a strategic vigin for the development of this innovative industry.

131!The UKOs tax regime is not considered to favasrable to manufaarers as that of
other countried® However, we believe that the UKGsareh base makes it an attractive
prospect for industry in this str, and are optimistic thatramimber of SMEs will establish
manufacturing cagality in the UK!?®® Asked where Nano e-Print anticipates
manufacturing its products, Dr Richard Ritold the Committee H®very stronglyO hoped
to do so in the UK and UK OLED lighting stamyp Polyphotonex intends to
manufacture lighting pzels on a produabn line at PETe&?

155 www.etri.re.kr/eng
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158 Several multinational comp anies already manufacture products in the UK . For example, G24i has a manufacturing
plant in Wales.
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132!The decision for Polyphotonex to engageraduct development and production at
PETeC raises an interesting issue in ternteeofUKOs provision of open access R&D and
manufacturing facities. The Resedr Centres supportingthe plastic electronics
community provide acceds facilities that arsufficient to scale-upechnologies to the
level of a demonstrator product. UKDL KTdid OLED-T suggested that as the costs of
accessing capital equipmds often prohibitive for st&up companies, the Government
should support an open accésproduction facilitythat would fundbn as a volume
fabrication facilityfor UK companie$®> UKDL KTN believes thallowing companies to
manufacture productswithout having to invst in the infratructure, willincrease the
exploitation of imovative research:

De-risking this early stagepaitation will gredly increase the rate at which plastic
electronics concepts andsitgns are created éudelivered to a ifer market placé?

133!Support for innovative busnesses as they transitioffom being primarily R&D
focused to launching pilot maufacturing lines is imperatve. We recommend that the
Government consider whether there is merit establishing an open access fabrication
facility for the manufacture of Plastis Electronic dewes by UK SMEs.

Enabling industries

1341The plastic electronics indtry is not only compriseaf companies developing
devices, but also those devatgpenabling technologies andopesses. Thedtory of the
LCD industry tells us that these OenaltiogPanies have the potential to be extremely
profitable. As reported by Dupont Teijin Films:

It is well understood in the LCD industryatihthe most profitable parts of the supply
chain are at the Ofront en@Q. materials, glass, equimt) or at the end of the
chain selling prodct to consumerg:

135!The most notable suppliers to the LCQustry are Merck and Chiso for liquid
crystals and Gaing for substratglass (Corning sol@1.55 billion of gks for LC-TVs in
the third quarter of 2007). Other key suppliare 3M for light combl films and DNP for
colour filters. Dr Taylor ab reported that Hitachi Gde more money now supplying
materials and chemicals into the flat panel Biduthan making flapanels themselve$®.

136!There are now a number ofrapanies in the UK engageddeveloping materials for

plastic electronic applicationsather than the devices theeives. For example, Merck
Chemicals Ltd, based Bouthampton, is smpting to commerciadie ready-to-use semi-
conducting inks, and Sumation is developpaijymer and dendrimer materials for OLED
displays®®

161 Open access facilities allow any user to access equipment whilst maintaining complete integrity over the intellectual
property generated by the project being undertaken.

162 Ev 583, 592
163 Ev 583

164 Ev 589

165 Q 130 [Ev 528]

166 www.sumation.co.uk/about_us



48 Engineering: turning ideas into reality

137!'High Force Researchnhited believed that the skillsdexpertise exist within the UK
to Omake major advances in this [materiatsps@s has alreadydredemonstrated with
liquid crystal technology®,a view supported br Keith Rollins (upont Teijin Films)
who told us that the UKOs higtar terms of materials develment meant that it would be
OastonishingO if a rangf companies did not giwipate in the area gflastic electronics
research and developme¥it.

138!The economic opportunities provided by thigrowing industry do not only lie in
the manufacture of devices, balso in the development of enabling technologies. It is
imperative that any national sttegy for this industry must embrace the materials
supply chain, particularly as this seot holds huge potential for UK industry
participation.

Public procurement

139!The public sector is amportant consumeof the products andystems that may be
disrupted by plastic electrms (paper, printing, energgnd lighting, for example). The
2007 Sainsbury Review of the Governdsnscience and imation policiesThe Race to
the Top and the Governmefts 2008 innovation White Papenovation Nation both
recognised that, used efigety, Government procuremeritas the potential to pull
innovative goods and servicésrough from business dndrive innovation in the
economyt® The Council for Science and Technolagyled on theGovernment to use
procurement to Oencourage marketable prodats servicesO in the plastic electronics
industry17°

140!In 2008D09, the Goveremt will spend £175 billion omhird party goods and

service$! We asked Professor King @ther he felt the Governmiewas able to deliver on
its commitment to fosteinnovation through procuremenitle told us that this was a drum
he had Obeen rming on for quite some timé®,but that the need for Permanent
Secretaries to demonstrate value for ipomas likely to deter them from procuring
innovative solutions:

[1]f you [E] simply encourage each permartesecretary to use a proportion of their
budget for procurement [E] those permanentceetaries will be gled hard in the

other direction to demonstrate valuer fmoney on their purchases, and we are
talking about risk procurement here. You are buying an object which is as yet
unproven and you are askifwy the product to be delivered five yearsO time. That

in itself means, in my view, you have to ringfence a proportion of the procurement
budget and take it from eaclepartment, and then thatoney must be spent in the
interests of that departmg but it must be seen to be risk procureniént.
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141'We put the same question to the Ministedamere struck by the similarity of his
answer. Like Professding, he told us tht Government spending represents Oan
enormous opportunity tanake a positive fierenceO, but that:

The challenge here from my experiencehi@ Ministry of Defence is that using
government procurement tetrategically develop the science base and innovation
will require the civil servant®sponsible for that procament to take risk and so
there will always be a balanoetween the amount of rigiu are prepared to take by
trying a new innovation and the criticism iwh you may be subjectedl if that risk-
taking in a proportion of times leado greater costésxd more delay<?

142!The Minister went on to explain that D& was reforming # process by which
departments Ouse their procurement budgetsupport SMEs arglipport innovationO.
He highlighted the Miistry of Defence@ioD) OGral Challenge® comfieti as a recent
initiative that successfully abled civil servants to more acately assesechnological

risk, while providingan opening into thdJK defence market fonew suppliers and
investors-™

143'We applaud initiatives to @elop the use oprocurement to drive innovation.
However, the success of thels Grand Challenge competition appears to lie in the fact
that it: (a) acted to ffil a specific need identified bys sponsor, the MoD; and (b)
provided a forum to tesproduct capabilities, and allopotential investors to assess
technological suitability and riskhese factors, however, makmapproprige as a means

to inform decisions regarding the procurerer plastic electronics R&D. The relative
immaturity of the plastic elecinics sector means that rathisan being at the level of
product readiness, emerging:i@ologies may not yet be imporated into functioning
devices. Further, as tMinister was aware, ¢happlications of thesechnologies are still
being identified:

It is not clear at the moment what prexl areas, what market areas, plastic
electronics is likely to have the biggespact on, so it is rnopossible for the
Government to say today OThis is the aredhink the technology could have an
impact onO and therefore | thiit is right the way in wibh the Technology Strategy
Board has supported this arfgg because it is not yatlear what those key markets
are going to b&?

1441As indicated by thélinister, support for technolgical R&D to address challenges
that cut across Goverrant departments is the responsigilof the Technlogy Strategy
Board. Specifically, the Boardidsnovation PlatformsO functtonOpull together policy,
business, Government procurent and research perspectivesl resources to generate
innovative solutions@o such challengé¥. Current Platforms include: Low Carbon
Vehicles, Assisted ling, and Network Security. Lord @er of Barnes, Minister for
Communications, Technologgnd Broadcasting (BERR & the Department for Culture,
Media and Sport (DCMS)), told us that:

174 Q 195 [Ev 540]
175 As above.
176 Q 202 [Ev 541]

177 www.innovateuk.org/ourstrategy /innovationplatforms.ashx
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It is somewhere between interesting arwhspicuous. If yodook at the five
platforms they [Technology Strategy Boalhdjve chosen, mosf those are ones
where you have got government as a gpewifstomer or potential procurer, and
there is a question about hamuch more commercial they can be in their interest
areas’®

145'We are concerned that th€echnology Strategy Bahris limiting support for
technological development to areas whereabeernment is commissioning or procuring
specific products. The early stage of techyiokd development in the plastic electronics
sector means that no single Government department can be identified as the industryOs
natural customer. Without a department to champion investment in what are inevitably
high-risk technologies, we are concerned giastic electronics will fail to be supported
through Government procurement initiatives.

146!In order to support innovation in emergimgdustries, we beliethe Government has

to take the brave decision to procure futurétetogies and products, even if their OkillerO
application is as yet glear. The procuremerf future technologiesan result in highly
successful outcomes. The decision bysthientific community at CERN to commission
the Large Hadron Clifler (LHC) is a case point. Critical to tle LHCOs procurement was

a decision to source state of the art technoldgiekb years hence. In September 2008, this
instrumental apparatus wasvitched on for the first time. Is expected that outcomes of
LHC experiments Owill velutionise ourunderstanding, from theninuscule world deep
within atoms to the vastness of the Univet§eO.

147'The Government has recognised e thpotential for Forward Commitment
Procurement (FCP) to stimulate innovation, ddidJS is taking ste® raise awareness of
FCP through the establishment of a number of flagship préfedsch Government
department is also committed to publishiag Innovation Procurement Plan, setting out
how it will Oembed innovaticim its procurement practiseand seek to esinnovative
procurement mechanism&DThroughout this inquiry, organisations such as UKDL KTN,
Plastic Logic and Duponieijin Films have proposedahGovernment might stimulate
innovation in the application of plastic elextics research by spsoring pilot projects.
Suggested projects indkt trialling e-reader in educational ingttions; disposable,
printed medical sensorfor general medicalise in the healthcare environment; and
trialling Organic PV devices in Government construction projégts.

148!Public procurement ha the potential to be a valuable tool in driving innovation.
We welcome the GovernmentOs efforts to develop innovative procurement mechanisms,
and recommend it supports pilbprojects in the aea of plastic electmics in order to
stimulate product develpment and manufacture.

178 Q 210 [Ev 544]
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The Small Business Research Initiative

149!The Small Business Researdhadtive (SBRI) was estalblesd in 2001 with the aim of
boosting innovative Govement procurement from SMEs. The scheme aimed to
reproduce, as far as possible, the succeiss bISAOs Small Business Innovation Research
(SBIR) programme. Since its diea in 1982, the US SBHas awarded over $12 billion to
various small bsinesses and Ohas played an impoptan in sustaining the demand for
newNand often radically newNpraatts and services that areabito support innovative
activity L83

150!The 2007 Sainsbury Review identified little change in Government procurement
practice as a result of the I88RI, reporting that had Odone littisore than reproduce
existing practiceNvth an additional breaucratic burden®:. The failure of the UK SBRI

to replicate the success of the US schemsemveale only too cleavhen we asked Mike
Biddle (Technology Stiegy Board) whether SBRI hadeewbenefited a UK plastic
electronics company. We were disappointad, not surprised, to e that it had not®

This disappointment waacompounded bplastic LogicOs assessroktite valuef grants
awarded under the US SBIR to a US stadeuppany engaged in ptaselectronics R&D:

Universal Display Corporatiofone of the key US start-ups in plastic electronics) has
won approximately 1®hase Il awards in flexible pliays and solid state lighting,
and reports SBIR has been very usefutnabling the compy to launch new
initiatives as well as providjra good external validatidhat is appreciated by the
investment communitys®

151!Dr Richard Price (Nane-Print) not only identified theupport provided to Universal
Display Corporation, but comparatdwith the support, or relate lack of it, provided to
the UK spin-out Cambridge Display Technologies (CDT):

[T]he number of projectthat UDC got was phenomeniabm the US Government.
Despite the success of CDT, | think tlveyld have done muchetter by having
additional support®’

152!As a direct result of recommendations mawl the Sainsbury Review, the Technology
Strategy Board, woirkg with DIUS, has been asked torleh a reformed SBRI. In its new
incarnation, the SBRI will emulate the §&eme to a greater degree, and Government
departments participating in éhscheme will buy &ast 2.5% of &r R&D rejuirements
from SMEs. Suppliersrif@ach project will be selectieg an open congtition processN
administrated by the Technolo@trategy BoardNand ilwretain the intellectual property
rights generated from the projé&tProjects will bd00% funded.

183 HM Treasury, The Race to the Top, October 2007, p 130
184 As above.

185 We note that Molecular Vision did  receive a £147,000 grant from the BBSRC under its Small Business Research
scheme.

186 Ev 574. Note that since th e evidence sessions for this i nquiry, UDC has received two $7 50,000 US SBIRcontracts to
further advance white OLED technology. These grants are part of a package of measures aimed at meeting the US
Department of EnergyOs targets for solid-state lighting.

187 Q 168 [Ev 534]
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153!Speaking of the reformed SBRU&st Evans (Plastic Logic) said:

| think they [SBRI grants] play a really innfamt role in enabling pilot projects and
because they provide 100 per cent fundirtgch is completely different to any other
regime, they permittie companies like ournd Nano e-Print to do some different
kinds of stuff, so it is a very welcomiéiative and | dchope it progressé®

154!Following evaluation of the pilot schemeswy running in the Mnistry of Defence
and Department of Healtht is expected that the refoeth SBRI will beolled out across
Government from April 2009.

155!The Small Business Remeh Initiative (SBRI) is pdentially a valuable source of
funding for innovative companies in the UKOur concern is thatunless this support
mechanism is re-launched in a formaaccessible to SMEsleveloping future
technologies, UK companiesvill refocus their business mdels to engage with the
lucrative procurement opportinities offered by the US under its Small Business
Innovation Research programm. We ask that DUS keep us updated on progress made
in rolling-out the revised SBRI.

Case study conclusion: inno vation and commercialisation

156!While the UKOs researclsdis world-class, thisseastudy highlighted that:

" lwithout a serious revision dfe structures usetb support the gwth of fledgling
industries the UK will missut on the opportuity to exploit theeconomic potential
offered by the commercialisatiofiinnovative technologies;

' I'the UK has a strong track redan spinning out companies from the research base, but
this has not translated instablishedompanies; and

" Icountries such as Germanjapan and the US8re taking steps to create strategic
capability in emergingndustries. We not¢hat the Governmenhas embarked on a
debate to determine whether the UK shadkehtify, and concenate support on, areas
of research in which: (a)abuld be world leadg; and (b) have thgotential to provide
significant economic returns amy investment. The form of this debate is the focus of
our forthcoming inquiry, ORing science and gmeering at the heart of Government
policyO.

157!In Chapter 6, we draw updhe evidence received duritigs case study to discuss
how the UKOs graduate population mighbéter equipped withthe skills needed to
progress emengg industries.

158!The provision of well targetefihancial support and govement policy is critical if
the products of innovative research are &nsition into the mar&tplace. In the next
chapter we consider what steps might bertakeformulating poliges relevant to one
emerging sector of engineering in particular: geo-engineering.

189 Q 168 [Ev 534]
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41Geo-engineeringNa new policy area

If you really want to changbe worldNchoose a carer engineerig. And | mean
real engineering, not financial engineerifiy.

Lord Mandelson, Secretary of State, BERR

Background

159!To date, climate change res#gmahas tended to concerigeon: (a) understanding the
climate and how human behaviour impacts upordj the reduction of carbon emissions
(mitigation); and (c) adapting to the effeofsclimate change (adagtion). As pointed out
by the Royal Academy of Engering, however, increasedncentrations of greenhouse
gases (GHGs) in the atmosphé@e Oled some to propodewath strand in our fight
against catastrophic climate clgan namely geo-engineerid§QUnlike mitigation and
adaptation, the UK has not démged any policies relating ggo-engineeringesearch or
its potential role in mitigating against climateange. This case stuthgrefore provides us
with an opportunity toconsider the implicatias of a new engaering discifine for UK
policy-making.

160!Geo-engineering can be loosdsfined as relating to any gineering activity that is
concerned with large-scale altevas to the Earth or its atmosphéteThroughout the
latter half of the 20century a number of geo-enginegrischemes were proposed to fulfil
various climatic functions. Foexample, in the 1950s, $ian scientists proposed
constructing OSaturn ringsO in the earttiids @omposed of metatliaerosols, the rings
would supposedly have supplidheat and light to northern Russia, and shadowed
equatorial regions tprovide their inhabitants with theupposed benefitsf a temperate
climate!®®

161!In 1965, the US Presidential Science #atyi Committee (PSAC) produced the first
high-level Government policdocument to draw attdion to the threat of C@driven
climate change. Presented to then Peggid yndon B. Johnson, the repdRgstoring the
Quality of Our Environmentliscussed climate se@ in a manner corssent with similar
reports today? However, PSAC identified geo-engineering as the only response to the
CO; climate problem, reporti that OThe pdbsities of deliberatgl bringing about
countervailing climatic ltanges therefore need e thoroughly expredO; the possibility

of reducing fossil fuelse was rialiscussed.

162!In this report, we use therte Ogeo-engineeringO to desettivities specifically and
deliberately designed to effect a change igltiteal climate with thaim of minimising or
reversing anthropogenic climatbange. Rather than a OfowtitandO in the fight against
climate change, we consider thes#ivities to be akin to mitigian efforts,albeit at a

190 www.berr.gov.uk/aboutus/ministe rialteam/Speeches/page50022.html

191 Ev 646

192 As above.

193 David W Keith, Engineering the Planet , Climate Change Science and Policy, in press

194 PresidentOs Science Advisory Committee, Restoring the quality of our environment , Washington DC, Executive office
of the president, 1965
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global level. Our defition does not encompass Carb Capture and Storage (CCS)
technologies as applied tovper stations, because theseht®logies modify emissions
content as opposdd the atmosphere.

Technologies

163!Two approaches have been suggested amstie reduce or verse the impact of
anthropogenic climate change:rlwan sequestration and redag the effet of solar
insolation!®> We describe some of the mecharssproposed for geo-engineering the
climate below. Our aim is not to undertake enpeehensive analysis tgfchnologies or to
assess their feasibiliby relative merit, but to provida context in whichto consider the
potential policy implicatins of this research area.

Reducing the effect of solar insolation

164!Schemes to modify the Earth@satmn balance aim to offstite effects of increasing
GHG concentrations on thclimate by reducing ¢hamount of solar daation that reaches

the edge of the EarthOs atmosphere, or bgimgahe fraction of incoming solar radiation
that is absorbed by the atmosphere ansiioface (that is increa the EarthOs albégio

165!Some of the proposed mechanisms for altering the EarthOs radiation balance are
outlined below. None of these optonwill directly affect atmospheric €O
concentrations?’

Sun shades

166!Dr Roger Angel, University @dirizona, has proposed tl@unch of trillions of near
transparent discs, €la approximately 50 cm idiameter, into space to shade the Earth. He
believes the discs woude sufficient to reduce the amowitsolar radiation reaching the
earth by approximately 1.898.The discs would last 50 years before needing to be replaced
with fresh lenses. It is estimated that the @apkent of sun shades dinis scale might cost

as much as $350 trillidf® Professor Angel has recentlgiged NASA funding for a pilot
project.

Space mirrors

167!'Positioning a superfine reflective meshaafminium threads in space between the
Earth and the Sun was propodeyl Dr Lowell Wood and Bfessor Edward Teller as a
means to reduce the amount ohkght that reaches the Earth®t has been estimated

195 The solar radiation striking Earth.
196 The ratio of the outgoing solar radiat  ion reflected by an objec t to the incoming solar ra diation incident upon it.
197 Ev 649

198 Angel, R., OFeasibility of cooling the Earth with a cloud of sma |l spacecraft near the inne r Lagrange point (L1)O,
Proceedings of the National Academy of Sciences , vol 203 (2006), pp 1718417189

199 The Telegraph, 27 February 2009, www.telegraph.co.uk/ea rth/environment/globalwar ming/4839985/Scientists-to-
stop-global-warming-with-100000 -square-mile-sun-shade.html

200 news.bbc.co.uk/1/hi/sci/ltech/4762720.stm
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that a 1% reduction in B radiation wold require approxnately 1.5 million krh of
mirrors made of a reflective mesh.

Aerosol injection

168!Large volcano eruptions result in the smanjection of sphate particlesNformed

from the emitted S@into the stratospher&®? As these aerosols reflect solar radiation
back to space, or themlves absorb heat, mass erupti@ssilt in a cooling of the lower
atmosphere. The eruption of Mount Tamborapiresent day Indonesi for example, was
thought to have produced the Oyear withsutiamerO in 1816. Likewise, the 1991 eruption

of Mount Pinatubo in the Phppines caused a readilyetdctable change in global
temperatures. In the 1970spRissor Mikhail Budyko proped that Oartificial volcanoesO

be geo-engineered. That isattsulphate aerosols be inggttinto the shtosphere to

mimic the cooling effect causdy these Osuper-eruptionsO. This idea has recently been
revived by chemistiobel Laureate Pre§sor Paul Crutzeft

169!Rather than stratospheric aerosol injectiseientists such as Professor John Latham,
National Center for Atmosphier Research, Boulder ColorafldSA), and engineers such
as Professor Stephent&alUniversity of Ediburgh, have suggested spraying seawater
into the tropospheré* Professor Salter believes that tggheric seawater injection would
increase the size, longevity and whitenassnaritime stratocumulus clouds, thereby
increasing cloud reflectivity and inducing a cooling effect.

170!Irrespective of whether aerosols are tej@dnto the stratospheror troposphere, the
impact of such injection on mbspheric temperates is ephemeral. This was highlighted
by Dr Vicky Pope, MeOffice, when she tolds: Oyou have got keep doing it for
hundreds of years because as soon astgpudoing it the waring goes up agaif®.
Specifically, aerosols injected into the troposplmave a residence timédays to weeks,
and aerosols injectadto the stratospheref two to five year8! The climatic impacts of
tropospheric aerosol injectioare currently being modelledy the Met Office Hadley
Centre?*® We discuss funding for, and the roleaimate-based moded$ geo-engineering
technologies later in the report.

201 Note from Defra [not printed]

202 The region of the atmosphere above the troposphere a  nd below the mesos phereNbetween 15 and 50km above the
Earth.

203 Crutzen, P.J., OAlbedo enhancement by stratospheric sulphur injections: A con tribution to resolve a policy dilemmaO,
Climatic Change , vol 77 (2006), pp 211-219

204 The lower atmosphere: a height of 8©15km above the Earth.
205 Ev 634, 646, 652, 675

206 Q 103 [Ev 618]

207 Ev 619; Q 72 [Ev 719] [Professor Watson]

208 Co-funded by Defra, the MOD and DECC, the Met Office Hadley Centre provides in-depth information to, and
advise, the Government on climate change issues.
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Changes in the land/ocean surface

171!The type of vegetation caveould be changetb modify the albedmf natural or
artificial surfaces. For examptieserts could be covered watlwhite material to increase
reflectivity or plants codlbe genetically nalified to increase their albeds.

Carbon sequestration

172!Geo-engineering schemes propobsas a means of carbsequestration require the
capture and removalf atmospheric C® By removing and ating atmospheric C@) it
may be possible to mitigate directly the intpaf rising GHG conentrations on the
climate. These schemes may &lswtion to combat the effexiof increasing global GO
levels such as ean acidification.

173!Several mechanisms for the remosad storage otmospheric C®have been
proposed for resear@nd development. Sométhese technologiese outlined below.

Ocean fertilisation

174'Phytoplankton take up CQand fix it as biomass. Wh the organisms die, a small
fraction of this OcapturedO carbon dimks the deep ocean. Proponents of ocean
fertilisation schemes have argubdt by fertilising the oceanmay be possible to increase
phytoplankton growth and associated carb@memovalQ. Ocean fertilisation schemes
involve the addition of nutrients to the ean (soluble iron, for example), or the
redistribution of nutrents extant in the d@ger ocean to increageoductivity (such as
through ocean pipes)°

175!'Unlike ocean pipe tecdlogies, iron fertilisation schees have been tested in small
(less than 100 kfnpatches of seawater as research exercises. Of 11 studies conducted prior
to 2007, two reported somalking of addiional biomass!! On 20 May 2008, 191 nations
present at a meeting of thinited Nations Conwuation on BiologicalDiversity in Bonn
agreed to a moratorium onrlge-scale aan fertilisation schemesut allowed for small-
scale research experiments in coastal wathis.moratorium was established to prevent
private companies cafing out large-scal commercially-drivenexperiments, while
making allowance for legitate scientific reseetn. However, becauselir is abundant in
coastal watersNand therefore iron fasdtion would not inaase algal growthN
subsequent meetings of tl&onvention on the Prevention of Marine Pollution by
Dumping of Wastes and Oth#atter (the LondonConvention) agreethat small-scale
ocean experiments should heermitted under rgulation. Dr Sanlio, Greenpeace,
highlighted the London ConwmionOs decisiorio permit regulated, small-scale
experiments, as an exemplar for the devetagrand implementation of future regulatory
research protocols:

[T]he elegance of it is that it does nay $10 to new scientific studies, it simply says
that there should be a consistent and autionary set of rulethat need to be

209 Geo-engineering Research , POSTnote 327, Parliamentary Office of Science and Technology, March 2009
210 Lovelock, J.E. & Rapley, C.G., OOcean pipes could help Earth cure itselfO, Nature , vol 449 (2007), p 403

211 www.ipcc.chf/ipccrepo rts/ard-wg3.htm
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applied by all countries in der to determine whais legitimate scientific research
into these [geo-engineerintgchniques and what is nBt.

176!0On 26 January 2009, after canting independent reviews to ensure compliance with

the London ConventionOs guidelines, @aman Government authorised one of the
largest ocean fertilisation experiments to dResearchers on theHadex expedition have
started seeding six tonnesimin sulphate over 300 Krof the Scotia Sesast of Argentina.
Numerous biological, chemicahd physical paramete will be contimously measured

inside and outside the fertdid area, and ecological changesll layers of the water
columnNfrom the surfae to the seafloor i8,800 metres depthRilv be monitored for

tens of days. The plankton community biomass is expected to increase substantially about
two weeks following fertilisation, and the faiethe organic matter produced will be
investigated in detail.

177'The governance of geengineering research is igaue we will return to later.

Air capture

178!Air capture technologies attempt to directly remove, @@m the atmosphere and
allow for its subsequestorage. The most W#&nown air capture optin involves so-called
Osynthetic treesO. In a syothete, air passes over a stmuetcoated with an alkaline
chemical that removes GQor storage elsewhere. Pssfer Klaus Lackner, Columbia
University (USA), has digned a 30 metre tall synthetic treeQscrubberQ, that he claims
has the potential to reove 90,000 tonnes of €®om the air each year (equivalent to
1,000 real trees):

| have been involvetbr the last nine years in an effort to develop the means of
capturing carbon dioxide dictly from the air. Some feg to this effort as the
creation of synthetic trees.sfilike a tractor is more peerful than a horse when it
comes to plowing a field, these synthe@esrare about a thousand times faster in
collecting carbon dioxide dm the wind passing over them than their natural
counterparts. [E] Air captue would become the carbalioxide colletor of last
resort, in that it would collect all carbadioxide which is noamenable to capture at
the point of emission. This includes buh& limited to the carbon dioxide from air
plane engines, from the taileais of cars, and tmmtially the carbon dioxide from old
power plants unsuitable for cost effective retrofits. We believe that air capture could
compete with power plant retrofits and ¢weollect the carbon dioxide from a liter

of gasoline at a price that is dwarfedghgoline taxes. Wepect to move rapidly
from an initial price of 20 pence a literuitimately less than three pence a fitér.

179!Synthetic trees could be locatsther on land or at seand in those environments
not otherwise suitable for human exploitati (for example deserts). Further, the
deployment of this technologyould be scaled up, or down, with relative ease meaning
that, like aerosahjection schemes, its imp would be reversible.

180!Rather than deploy synthetic trees, inshe@ the land areander cultivation may
result in greater COabsorption (as plants act as cartsanks). The Research Institute of

212 Q 41 [Ev 609
213 Ev 703
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Innovative Technology for thearth, Japan, is undertakingsearch to develop large-scale
plant-based Cg¥ixation technologies through selectveeding and getie modification.

181!Over the course of this inquiry, we hdnaard different views as to whether carbon
removal technologies are ditt from geo-engineering tegblogies. Intrigingly, views
on this subject appear to depkeon the country in whicka researcher/organisation is
based. Common to UK-basaedademics, Learned Societied Governmentlepartments

is the view that geo-engineering technologiesompass those thaim to reduce solar
insolationor increase carbosequestratioft* By contrastlJS-based acadées Professor
Lackner and Professor Ken CatddiCarnegie Institute, USAlrew a distinction between
the two technological approaches, arguithgit carbon sequestration technologies
(synthetic trees and iron fdisation schemes, for exampl@ganipulate the carbon cycle
and should therefore bdewed as a distinct reseaaniea: carbon-cycle managemgéht.
Specifically, Progsor Lackner said:

In the press, this approattas also been callgeo-engineering bause it actively
manages the global anthropogenarbon cycle. However,should also be seen as
the logical extension of captusethe point of combustion. Here we want to contrast
such carbon cycle managemaevith albedo engineeringfefts that try to counter
greenhouse warming with actigéorts of coohg the planet!®

182!At this stage, we do not consider aarrow definition of geo-engineering
technologies to be Hpful. Technologies to reduce $ar insolation and to increase
carbon sequestration should both be msidered as geo-@mneering options.

Policy considerations

183!We heard concern that current efforts to reduce GHG emissions may be insufficient,
both in terms of scale andesga of implementain, to enable efféive climate change
management’ A similar view was expressed Byofessor LaunderUniversity of
Manchester:

There is increasingly the sense that gawemts are failing to come to grips with the
urgency of setting mea®s in place thatiWassuredly lead to ogplanet reaching a
safe equilibrium. Tday, the developed world igwggling to meetts (arguably
inadequate) carbon-reduction targets iwhemissions by Gfa and India have
soared. Meanwhile, signs sugjgiie climate is even maosensitive to atmospheric
CGQ;levels than had hitherto been thougft.

184!The potential for the Eartto undergo greater adverskmate change impacts than
expected, or for chon reduction measges to be lessfective than ardipated, has led to
the suggestion that geo-engering technologies may ne¢dl be considered as an

214 Ev 619, 646, 649, 660, 665, 695, 697
215 Ev 702; Q 73 [Ev 613]
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217 Tyndall Centre for Climate Change Research & Cambridge-MIT Institute Symposium,  Macro-engineering options for
climate change management and mitigation , January 2004

218 Launder, B. & Thompson, M., OPrefaceO, Philosophical Transactions of the Royal Society Series A , vol 366 (2009), p
3841
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emergency option akito an insurance policy® That is, in the words of Professor
Launder, geo-engineering schenmeay Ooffer a means of gaining two or three decades of
breathing space while the world must findtesifor moving to a genuinely carbon-neutral
society@® Lord Drayson also invoked the nmept of an Oinsurance policyO when
explaining why he thought geo-engenieig merited poty consideration:

| do not subscribe to the wiethat you should on purpesput all your eggs in one
basket to make sure that yiook after that one baskeially carefully. [E] | think it

is right for us to have a tehing brief [E] on these aresof geo-engineering. | think
they could rightly be described as anesgency plan B. Thatoes not mean we
should not absolutely put fudffort into focusing our invéments in plan A. But one
never knows. That is the valoepure research and thatwy it is rightfor us to be
putting a moderate amowiof money into this area, to be focusing on aspects such as
modelling where we can learn an audtilithout having tanvest too much?

185!Like the Minister of Statdor Science and Innovation, wbelieve that Government
should give the full range of policy options for managing climate change due
consideration, and we shar¢he view of the Tyndall Centre that geo-engineering
technologies should bevaluated as part of a portfoliof responses telimate change,
alongside mainstream mitigatin and adaptation effort$??

186!'However, this view doenappear to be held across @&mment, as according to
Joan Ruddock, Parliamiary Under-Secretary of Statetla¢ Department for Energy and
Climate Change (DEC), DECC has decidexbt to countenancsuch a strategy:

Scientists should probablpibe looking at what | reghas being somewhere down
the list of priorities and potentially thegpl B [geo-engineeringhecause we need all
our energies directed at the plarimitigation and adaptatior’?®

187!Given the need fourgent action in addressing the challage of climate change, we
can see no reason for not considering geagereering technologies as a Oplan BO. Quite
the opposite, the decision not to considany initiative other than Oplan AO could be
considered negligent pdicularly, for example, if Opla\O fails to act as planned or
climate sensitivity isgreater than expecteddsked why DECC was averse to exploring the
potential of geo-engineering technologiéise Minister gave two reasons. The first
appeared to be based on a pnegtion of failure: OIf plan Aas failed [E] then there is
very little reason to iméue plan B cold succeed®,and the second predicated on a belief
that supporting geo-engineegnresearch might be perced as signithg a waning
commitment to more conventional mitigation efforts:

Our concern is that althouglve do not want to dismissishwork [E], it could be
used politically in that ay, which would be extremely unfortunate because what we
know about engineering is that [E it] oaprovide us with well-tried and trusted

219 Ev 649
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solutions to reduce CCemissions from a huge rangeadtivities andt is those
existing engineering solutions that weels to promote in the international arena
[E]. So it could be a meansf deflecting engineeringdm the very best work which
can be done to helhe world communityo get such a de#®.

188!This argument is a reheaksd that originally used agnst examininglimate change
adaptation measures. The argumesnt as follows: Oif we adiuatart to take adaptation
seriously and look at it and analyse it senguklen we are encouraging people to believe
that it is okay to carry oemitting greenhouse gasé¥Qhankfully, this argument was
dismissed, and adaptatioasearch is now firmly on theternational ageda. Given that
this argument has beahscredited, we are disappointbat the Government has sought
to bring it back to the fore, and do not comsid to be helpful iprogressing debate.

189!None of the evidence we received sugdeshat the scielec and engineering
community considegeo-engineering technologies as havirgpotential to act as a Osilver
bulletO in mitigating globalrkte change, not least, as Rayal Academy of Engineering
points out, becaus®even if it [geo-engiaring] could help tolleviate the effects of
climate change it has nothirtg add in terms of securitgr sustainability of energy
supplies®’ Instead, the overriding view of diwiduals we spke to was that geo-
engineering efforts mighin the future, have the potéaiitto complement the conventional
mitigation and adaptation agenda.

190!'We find the divergent viewsf DECC and DIUS, as outlied by Lord Drayson and
Joan Ruddock, as to the future potential geo-engineering reseah to be confusing,
and urge the Goverment to establish a clear view on the matter.

191!Further, we conclude that it would nobe appropriate or sensible for opinion-
leaders or the public to see any policy tire potential u® of geo-engineering schemes
as implying a lack of ogoing commitment to the development of conventional
emission mitigation strategies or adaptationesponses. We urgbe Government to be
proactive in communication effortdo dispel any ircorrect perceptions.

Assessing potential

192!Throughout this inquiry, we received repeated requests for an independent
assessment to be undertakerd&termine which, if any, of the proposed geo-engineering
options would be thnologically viabl&® Dr Tim Fox, Institution of Mechanical
Engineers (IMechEj}old us that:

What really needs to be done is to crealisting [E] of the rsks associated with the
projects and to look at those which haveal practical potential to be appliedO [E]
and to assess the feasibilitytioése, the practicality dese, the &is and risks
associated with deployment to enabletaismake those indl assessments and
recommendations as to which sotuts might offer ptential should geo-
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engineering be regardedasoute which we need to govdwo. There has been little,
if none, engineering assessment of these soldtfons.

193!0n the financial commitment required rfidechnological research, development,
demonstration and deploymefRDD&D)Ninitial expenditure and omoing costsNthe
Royal Academy of Engineering expressed thethigycompared to the global costs of co-
ordinating and implementing conventionahitigation and adaptation efforts, geo-
engineering technologies may not only haveore rapid impact, but may also be less
expensivé®

194!A number of witnesses calldor a technological assenent of proposed geo-
engineering options. It is not surprising tisaich an assessment has not been conducted to
date if considered in the m@xt of the Intergovernmerit@anel for Climate ChangeOs
(IPCC) view of geo-enggering techologies:

Geo-engineering options, suchagean fertilizatio to remove C@directly from the
atmosphere, or blocking slight by bringing materiainto the upper atmosphere,
remain largely speculative and unproverd aith the risk ounknown side-effects.
Reliable cost estimates for theptions have not been publish&d.

195!As pointed out by Professor Watson, Defrae€Bcientific Advise©with that sort of

statement by the IPCC it 3ot likely it [geo-engine@ng] would have been a major
discussion point by piticians of the world®? Professor Watson wern, however, to

highlight recent developemts to begin assessiep-engineéng schemes:

As we know, the Royal Society is lookinthiat particular issue and it would not be
surprising to me if the National AcademySifiences in the US also looked at it, but
what would be, in myppinion, quite worthwhile would indeed be a more in depth
analysis by the IPCC or anchbination of all the majoacademies of the world, the
US with, | would say, the UKsalwith China, India and BraZt

196!The Royal Society has previously collalearatith the SciencAcademies of other
nations to issue joint policy statements. Egample, in June 2008 Royal Society and
the Science Academies of the G8 natioraziBIChina, India, Mdco and South Africa
signed a statement on global he&ltihis makes the Royal Societgll-placed to bring an
international perspective to bean any assessmasftthe geo-engineering sector. Further,
as much of the workn this area is not sufficientigeveloped to have resulted in the
publication of researcbutputs, we believe the Royal Socistietter suited to reviewing
future technological potential than the IPCCithhassessmeat the sector, we would urge
the Royal Society na@imply to describe suggestedhtemlogies but tohighlight those
which, if any, hold the most fential in terms ofafely engendemgnclimatic change and
might therefore be considered sty of research support.
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197!In order Oto sort the whedtom the chaffO and iderf§i those geo-engineering
options it may be feasible tdeploy safely in the future, its essential that a detailed
assessment of individuakchnologies be conducted. Thassessment mustonsider the
costs and benefits of geo-engineering options including their full life-cycle
environmental impactand whether they areeversible. We welcom the efforts of the
Royal Society to review the gemgineering sector, and urgéto engage with the Royal
Academy of Engineering and the Science abdgineering Academies of other nations
in this regard.

Geo-engineering research: finance and infrastructure

Current research activity

198!Geo-engineering is very mu@n emerging researchsdipline. The focus of work
conducted to date has been the applicatioclioiate models to quantify the potential
impact of technological deployment. We byiefiutline this areaf research, before
discussing current and potential sources of research funding.

Modelling the future

199!Detailed modelling is tical as geo-engineering projetisve the potential to trigger
undesirable side-effects (makitig oceans morecalic, adversely affecgrair quality, or
accidentally instigating annexpected @system responsér example}*® The need for
ongoing research in this area was highlighted by Professor Lackner:

| would argue that we are not ready to dwosis climate engineering this day. | do
hear people who say we should not everystudr that reasori.am opposed to that
[E] there are all sorts of sideffects and | think it is thefore very important that we
do basic research and st@f this will, byts nature, beirtual. It is important to do
that because if there is a crisis we willraste time to do iand we might go down a
road which might be potentlg far more dang@&us because we refused to look it at
earlier?3

200!In addition to identifying pesible side effects, mdldwy has the potential to
determine the effectivess of proposed geo-engineeriaghnologies. In 2008, Dr Lunt
and colleagues used a stafte¢he-art climate mdel to assess thenshtic impact of a
space-based sunshade. Theysfodnd that although the gieoyment of a sunshade would
reduce the climatic impact of G@missions, it would not tern the climate to its pre-
industrial state and changedfauent to precipitate the lossf Arctic sea ice would still
occur?®’ The fact that climate simtians have shown #i climate enginearg is unlikely

to reproduce Othe status quo anteO wasaided by Professor Caldeira who made clear
that Onearly every simulatidvas shown that there is thmotential to reduce overall
amounts of climate chang&®.
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201!To reduce the likelihood axtent of negative outcomenodelling stdies should be
informed by real-world observations, mtoring and process experiments wherever
possible® We are aware, however, that the atitpf climate models may not be wholly
representative of th@real worldO impactteohnological deploymena point made by Dr
Pope of the Met Office: ONegiction of the future&an give you an aliste prediction of
any sort. What we are really doing is assessing4iskO.

202IKey to maximising alignment tveeen the outcomes of vl studies with real-world
impacts is the continued development aé tmodel used. The clitgeamodel used by Dr
Lunt to model the impact of a sunshade was game as used the Hadley Centre to
model tropospheriaerosol injection, and by the IPCEWe asked Dr Lt to what extent
he felt this modewas imperfect:

Yes, it is certainly imperfect. The questis how good is gul? How good do you
need your model to be beforeuystart interpretinghe results? All | casay is that it
does a good job compartedthe observational recottlat we have had so fat.

203!Support for detailedmodelling studies will be essential for the development of
future geo-engineeringoptions, and to the constructio of a credible cost-benefit
analysis of technological fedslity. We urge the Researclouncils to support research
in this area.

Funding research
Public funding

204!'Professor Caldeira told us thatiblic sector research fund was essential to ensure
that policy makers received hiased and accurate informatiavith regard to potential
geo-engineerig technologie¥* We were disappointketo find that none of the academics
that we spoke to ldareceived public fundingp support their ge@ngineering research
(see Table 9).
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Table 9. Information as provided to the Committee during the firs t evidence session (10 November
2008) from academics engaged in res earch relevant to geo-engineering

Witness Research activity Funder

Professor Stephen Salter | Research and development Professor Sa]ter stated he received Ono
of a technology to increase money at allO. Previous EPSRC grant
the albedo of marine applications were unsuccessful. 24

stratocumulus clouds.

Professor Ken Caldeira Research to examine the Professor Caldeira is supported by the
unintended cons equences of | Carnegie Institute (USA), which is
geo-engineering proposals. privately endowed. He receives no

federal or state funding, but has
received funding from
philanthropists. 24

Professor Klaus Lackner | Research and development Professor Lackner is supported by

of a synthetic tree to private endowments made to Columbia
Ocaptured, and make available | University. 24

for storage, carbon dioxide

from the air.
Dr Dan Lunt Modelled the impact of sun- Dr LuntOs research was conducted in his
shade deployment. spare time. 247

Government departments

205!Prior to 3 October 2008, g¢tDepartment for the Environme Food and Rural Affairs
(Defra) was rgponsible for UK climatehange policy. Bfessor WatsorDefraOs Chief
Scientific Adviser, explainedahalthough Defra had not funded the development of any
geo-engineering tedology, it had compiled a discussidacument on the subject Oto see
what the current thinking isf the academic community, @whthe potential implications
are, positive and negativef different approache®®.Further, Defra expressed a
willingness to support thefforts of other rimns in any fiture technological assessmefit.

206!Like Defra, DIUS has identified a potentiale for geo-engineering technologies:
Osome of those geo-engineering approachesityipeoposed, or othe that may yet be
put forward, may offer bridgingolutions to mitigate, probably to a limited extent, global
warming impacts over the periaghtil stabilisationat a OsafeO les&n be achieved©.
Given the views of DIUS dnDefra, we asked the Mirestwhether the Government
department now responsibfer UK climate change policfpECC, intendé to support
geo-engineering search. In line witther comments regarding the departmentOs single-
minded commitment to developy and implementing Opla®Aher reply made very clear
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it did not: Oas for ¢hDepartment, let us makeabsolutely clear thesre no plans for us to
fund research in this field®.

The UK Research Councils

207!Presently, two Research Councils suppedearch relevant to geo-engineering:
EPSRC and the Natural Enviraent Research Council (NER@®esearch pjects focus
on modelling the EarthOs climate and systefosmiation that, as wdescribed earlier, is
critical to any study examininthe impact of geo-engineegitechnologies on the EarthOs
climate. However, DPhil Williamson, NRC, told us that:

[IIn terms of absolutely directly sayin@This is money to support geo-engineering
research,O up until now | dot think we have actually fdad any researajrants or
studentshipg:?

208!The Research Councils have now signaliatidupport for geo-@ineering research
may be forthcoming. EPSRC has allocated ili®@mfor a geo-engineering IDEAS factory
to be held in autmn 2009, and NERC hasoahted £2 million to aport a consrtium-led
study of cloud seeding andoatl formation (via sulphat@erosol) and related albedo
effects?3

The Carbon Trust

209!In 2001, the Government ellished the Carbon Trust @ independent company.
Its mission is to accelerate the moveatdow carbon economy by working with
organisations to reduce carbon enmssi and develop consrcial low carbon
technologies. Professor Laundeggested that the Carboru$t be required to earmark a
proportion of its budget tsupport so-called Qair captuye@dengineering technologiés.
As described previolys air capture techriogies are designed to directly absorb fiin
the atmosphere.

The Virgin Earth Challenge

210!Sir Richard Branson launched the Virgin Earth Challenge on 9 February 2007. The
Challenge offers a prize $25 million to the individual ogroup able talemonstrate a
commercially viable desigthat will result in the at removal ofanthropogenic,
atmospheric greenhouse gases each year feasitten years. The technology must not
trigger countervailingharmful effects, but edribute materially tothe stability of the
EarthOs climat® A panel of experts will assessries submitted for the priz&.
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211!The Virgin Earth Ch3énge prize is not levant to technologies designed to modify
the EarthOs albedo. Furthas, highlighted by Bfessor Rayner, SaRBusiness School
(University of Oxford) it does not offer support faechnological development: OThe
problem is, that does not fund research. Thttagrize at the endp you have got to have
sufficient capital to invest ufsont before you are even in the running for the prize.O
Consequently, while it may have stimulatedregein geo-engineering, it has not provided
a means to further technological development.

The Met Office Hadley Centre

212!The Met Office Hadlegentre is the UKOdicl centre for cihate change research.
Partly funded by Defra @nDECC, the Centre provides-depth information to the
Government on climate change issues.

213!Models developed by the Hadley Centreadmeady being used mesearch pertinent
to geo-engineering. For exampestudy by Dr Lunt and hiolleagues on the impact of
deploying a sunshade (discussed previouslgll a climate model developed at the Met
Office®®

214IClimate models will play a vitadle in both teting whether propasd geo-engineering
ideas will work and imdentifying any umtended harmful or secalary effects. However,
as Dr Vicky Pope (Médffice) explained, thei@e some discrepancieshe predictions of

different models used:

There are obviously uncertaigs in the science [E]. I of the models show that
[the] climate is warming. Thegll share very many charatistics. What they differ

in is the degree of the change and de&ils of the regiohahange. Bysing a
number of different models that makdfdrent assumptions about the science, you
can actually look at the mge of possible outcomesdawe are novable to start
looking at the probabilities of differeoutcomes so thate can assess r#sk.

The Tyndall Centre for Climate Change

215!The Tyndall Centre brings together scientists, economists, engineers and social
scientists to develop sustainable responsedirtate change thumh multidisciplinary
research. Further, it acts ®ngage the resear community, busiess leaders, policy
advisors, the media atide public in dialogué&?®

216!The Tyndall CentreOs research programneesetected and desgghaccording to the
criteria and strategipriorities of NERCEPSRC and the Economiand Social Research
Council (ESRC). Currenprogrammes includetnforming international climate policy
Constructing energy futureand Building resilience to climate chafigdr Tim Fox,
IMechE, suggested that the TwtidCentreOs ability to umtdde large muitlisciplinary
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research programmes would keait an ideal OhubO thtomghich to co-ordinate and
deliver a geo-engeering researcprogramme:

| wonder [E] whether there is potentiallg model there for bringing together the
multidisciplinary natureof the geo-engineering projeébtough such an organisation
similar to the Tyndall Centrevhich has a numbesf strands ofctivity going on
which are both social scienoriented and hard science [E] and technical and
engineering isSués.

217!The Tyndall Centre for Climate Changes well-placed toco-ordinate geo-
engineering research, and weould welcome the conduct of geo-engineering-related
work as an additional work-stream. Fuhier, we recommend that the Government
engage with organisations including th@yndall Centre, Hadley Centre, Research
Councils UK and the Carbon Trust to del@p a publicly-funded programme of geo-
engineering research. Researgrants should beawarded on the bas of excellence
after a process of copetitive peer review.

Industry involvement

218!A number of commercial start-up companiesve been establishand are actively
engaged in geo-emgiering research (Box. Bstablished outside thfe UK, principally in
the US and Australia, these companies Hop#evelop technologids sequester carbon,
with a view to selling carbon offséh return for their services.

Box 1. US and Australian companies e ngaged in geo-engineering research.

1. Climos (www.climos.com) is a Calif ornia-based start-up company en gaged in research on ocean
iron fertilisation. The company intends to carry out a demon stration programme in order to
understand the potential of ocean iron fertilisation as carbon mitigation tool. The companyOs
ultimate aim is to sell carbon offsets in exch ange for performing ocean iron fertilisation.

2. Planktos was a California-based start-up company with  a similar business model to Climos. The
company ceased trading in Spri ng 2008 as it could not raise th e funds necessary to conduct
demonstration trials.

3. Atmocean Inc (www.atmocean.com), based in Sante Fe, USA, is developing a 200 metre deep
wave-powered ocean pump to bring cold, nutri  ent-rich, water to th e oceanOs surface. The
company believes that this will ~ stimulate the biota which will se  quester extra carbon, a proportion
of which will sink to the deep ocean.

4. Ocean Nourishment Corporation (www.oceannourishment.com), ba sed in Sydney, Australia,

aims to increase oceanic photosynthesis and associated car bon sequestration. Unlike Climos, the
company uses nitrogen-rich urea, not soluble iron, as a fertiliser.

219!Dr Santillo argued there was a need domechanism to assess the legitimacy of
commercial geo-engeering research, and its outputs:

A very key part of that hae be a consideration dfie commercial involvement
because if there is an elamh of commercial interest in those experiments having a
particular outcome, | think that wouldounter that legithacy in terms of
researchi®
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220!Lord Drayson did not rule out supgorg such enterpses in the UK:

[A]lthough we would not see at the momhehat the commercial opportunity for
geo-engineering projects is well-estalgidshwe do see thttere would be a sound
commercial business plabpased around a general research area, which would
include geo-engineerirgs part of a numbef different areas within marine science.
Providing that was done in an area whgva had the benefits of the cluster effect,
good intellectual property aralsound infrastructure to pport it, then we would be
supportive of sch a development?

Socio-political and economic issues

221!In furthering discussiomf geo-engineering options, itgsitical thatdebate does not
focus solely on technologidalasibility. As this inquiry lsaprogressed, we have become
keenly aware of the need toédst in research texamine the socio-gbtal and economic
impacts of geo-engineering raseh and the potential deploymteof future technologies.

An ethical debate

222!A recurring theme in the written and ar evidence we ceived was the moral
legitimacy of geo-engaering the planet. Dr Santillo debed the speculative promise of
geo-engineering tecbiogies as a Omoral hd@y with the poteritito reinforce societal

behaviours that impact negatiy®n the present climate:

In the publicOs mind there is a dangeramsthat people will favour what they see
to be a solution which does not involverh changing their waof life, does not
involve them having to malkaifficult choices, if theycan simply contribute to a
scheme which somehow vergtdint from them will engirex the climatdack to its
normal stateé®®

223While concerns oer societal responsefisture technologies aralid, we believe that
they are insufficient as a reason for not emggpij geo-engineeringgsearch. Instead, they
highlight the need to develop a public diple on the issueand to implement a
programme of public edudah and engagementlf after such aninitiative the
overwhelming view of the publiwas that technologies were rally remiss, then at this
point the authority of engaging in researcbuld be questioned. At the present time,
however, the assertion by Greenpeace thateditig with our entireplanetary system is
not a dynamic new techtamical and scientifiérontier, but an expression of political
despair® appears to be a minority view. For epéenthe Royal Academy of Engineering,
told us Oif time really iminning out and geo-engineegnwas able to provide some
breathing space it would be morally remissiohot to at least osider this option&? a
view echoed by Pregsor Caldeira:
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If we did find that the sea ice is nradt and threatening polar bears and arctic
ecosystems with extinction and Greenlandliding into the seas it better to say
letOs have that ecosystem go extingt,lds€) Greenland andahwill be a good
motivator for people to reduce emissionsdoryou say no, we actually care about
these ecosystems, we capeut Greenland and maybe alould put some dust in

the atmosphere to prevent this from hapipg while we are working on reducing
emissions. | do not think thethical and moral high ground is necessarily to say letOs
allow environmental destation to proceed unimpedewhile we are trying to
reduce emissiort&®

22411t is crucial that any geo-gimeering researcthould be undertaken with one eye on
societal understandinand public debate. Weere therefore disappded that Professor
Launder, who is a leading adate of geo-engingrg research, wasohfamiliar with the
views of organisations commeTg on this research area:

Dr Gibson: [E] how do you see the criticisms ah Greenpeace have levelled at the
issue in terms of morality, ethics and s@ &fou must have hadishlevelled at you
many times, | am sure.

Professor Launderl do not think | can answer that simply because | have not
acquainted myself sufficidnt | just keep my head down like any eager-beaver
scientist26°

225!We encourage scientists to familiarisentiselves with arguments surrounding the
validity of their research area,dato engage in detsarelevant to that search, especially
in areas as contronszal as this one.

226!Before deploying any technologyith the capacity to geo-engineer the climate, it is
essential that a rational debate on the ethioEgeo-engineering be conducted. We urge
the Department for Energy and Climate Change lead this debateand to consult on

the full-range of geo-engineering options witliepresentatives of the science, social
science, and engineering communities and implementing agencies e.g. national
Governments, international bodiesr private sector organisations.

Governance

227'Global planning permission was highligthi@s fundamental tihe future deployment
of geo-engineering technologiey a number of organisatiof8. While international

consensus might be the optimal contextwhich to deploy teatologies, the Royal
Academy of Engineering recognised the potefdiea country to takenilateral action:

Individual governments coulcee geo-engineering as arcese to continue with a
business-as-usual approach amould be able to act indepdently, thus bypassing
the sometimes tortuous patt international agreemenf number of international
treaties covering the ocearmmosphere and space Whun theory, prevent such
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action. However, these aretralways adhered toence the risk, albeit small, of a
state acting unilateltg cannot be ignore€i!

228!Just as the effects of climathange will impact on diffent countries in different

ways, the deployment of geagineering technologies islikely to impact on the climate

of different countrie with uniformity. The TyndallCentre believes that there will
effectively be Owinneasid losers associatedith geo-engineringO (as therwill be with

climate change itself). As any context where losses are incurred, OlosersO (in this case
individual nation states) mayppeal to beneficiaries for mpensation. Th need to
develop an internathal framework to ideffiy and manage thesatilities was raised by
Professor Rayner, Said Business School:

[O]ne has to be developing the institutéd apparatus for magang and governing
these technologies alongsider&leping the technologigkemselves, and | think it
has to be done [E] in a wathat engenders public trysvhich demonstrates there
are appropriate mechams for dealing withiability [E] and finally for ensuring
that there is actually some notion ofnsent on the part of populations for the
implementations of technologié&s.

22911t is essential thathe Government spport socio-economic resach with regard to
geo-engineering technologs in order that the UK can engage in informed,
international discussions to develop a framework for any future legislation relating to
technological deployment by nation states or industry.

Case study conclusion: an emerging policy area

230!If the Government is to ban informed actor in the&evelopment of any future
international policy relating tgeo-engineering, it sssential that it d&w on the expertise

of the science and social sce communities as well as tlwdtthe engineering base. The
GovernmentOs capacity to act dstafligent customeof engineerig advice is a theme we
explored in our final caseusly, Engineering in Governmenand is the focus of the
following chapter. Inundertaking this inquiry, we became conscious of the potential of this
sector to enthuse young people. vdasider this podgslity further, togethemith activities
undertaken to inspire young peopi®re generallyn Chapter 6.
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5IEngineering in Government

We cannot afford a public rsece culture where all yodo is tell the Government
what you think the Government wantshear. [E] The Government must receive
the best advice, based on the best available information and evidence.

Kevin Rudd, Prime Minister of Australia, 30 April 2008

There is nothing a government hates ntban to be well-informed; for it makes the
process of arriving aecisions much more owplicated and difficult.

John Maynard Keynes

It is a capital mistake ttheorise before you havdl the evidencelt biases the
judgment.

Sherlock Holmes iA Study in Scarlg8ir Arthur Conan Doyle

Introduction

231!The impetus for this case study was to explore whether there is scope to improve
Government policy making and ldery through changig the way in wich engineers are
involved with the process. Judging from coemis made by the Secretary of State for
Innovation, Universitieand Skills, the G@rnment will welcome owefforts in this regard.

The Rt Hon John DenhamiP told us that OTheal challenge is tjiag the best policy
advice, whether that is socistience, sciencar engineering, to Government in a
systematic way@ and that Othis is a process we t@sttengthen rathethan say we have

it absolutely all right at the momenito©.

232!Before proceeding to explain how we khitihhe policy-makingprocess could be
strengthened, it is wessary to outline the landscagfescience and gmeering advice
structures in Government. It is a minefieldaafonyms and initialiss) and we hope that
the following paragraphs arfdgure 2 help the readerake some sense of it.
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Figure 2. Organogram of science ad visory structures in Government
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233!The Government Chief Scientific Adviser(GCSA), currently Professor John
Beddington, overseesiance adviceNwhich thEovernment argues @udes engineering
advic&Nacross Government and is also head offigssion for scientists and engineers in
the civil service. The GC34 supported by th&overnment Office for SciencéGO-
Science, once part of the Office for Sa@ead Innovation). Although the GCSA and GO-
Science have cross-departmemngaponsibility for cgence advice, theyeasituated within
the Department for Innovation, Universitiegnd Skills (DIUS), rather than the Cabinet
Office as was suggested by the &arBrience and Technology Committée.

2341Supporting the work of the GCSA abepartmental Chief Scientific Advisers
(DCSASs), who areesponsible for scien@avice in each of thedepartments. Not all
DCSAs are necessarilyestists. For example, the DCSA floe Ministry of Defence is an
engineer (Professdfark Welland) and the DCSA fthe Department for Culture, Media
and Sport is an economist (ke Charlesworth). Neither ds every Department have a
DCSA, which was an dntion of Professor Sir David Kinthe former GCSA, and remains
a commitment for the presemtcumbent of that post.

235!DCSAs sit on th€hief Scientific Advisers Committe¢ CSAC), which is tasked with
advising the GCSA (who chail@SAC) on science, enginegr and technlmgy matters
relevant to Governmenihe highest level Camittee, which adviseke Prime Minister
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on science and techlagy issues, is tf@ouncil for Science and Technologwhich is co-
chaired by the GCSA!

236!Also working under the broadeading of Ospecialist adlicto Government are the
National Statistician (currently Karen Dunnell), th€hief Government Social Scientist
(currently Professor Paul Wilesho is also DCSA for thdome Office), and the joint
heads of theGovernment Economic Servicécurrently Vicky Pice, BERRand Dave
Ramsden, HM Treasury)Npresently thésenot a Government Chief Economist.

237!The most significant changece our predecessor Comragtconsidered the science-
policy structure in Geernment isthat of the role of theMinister for Science and
Innovation, currently Lord Drayson, who acts to promote the importance of science
advice across Governmehie attends Cabinet andhairs the newly forme@abinet Sub-
Committee on Sciace and Innovatior’® This Committee is made up of Ministers from
key Departments with a science remit, sashthe Department for Health (DH), Defra,
Transport and DECC. Lor®rayson told us thaDl have been given tlask of sking up

this brand new committee for soe and innovation to make sure that science is put at
the heart of geernment policy&?

238!Working alongside the Minister for Seee and Innovation at DIUS s ti@rector
General for Sciace and ReseargliProfessor Adrian Smith, wih® responsible for science
and research policy, dluding the science budget allboas and public engagement on
key scientific issues. He is also DIUSOs DCSA.

Science = science + engineering?

239!The Government is anant that when it talks abostience, it means science and
engineering?® and acknowledges that ©\ténd perhaps not t@s them as quite separate
activities®! The Secretary of Statepapled to us not to takbe GovernmentOs shorthand
as Oa judgment of the depami@s interest in engineeridg@Ve take him at his word,
and accept that th&overnment does nahtentionally seek to downgrade engineering.
(Although his DepartmatOs new campai@tience: So what? So everythimgly cannot
help.) However, it malge that the persistent use of thétary word Osciea® as code for
science, technology, gineering and mathsot to mention sociacience, economics and
statistics, is saymptonof the status of engieeng advice in Government.

240!Before we consider this pairhowever, it is useful texplore the way in which the
Government and others perceive the relaiop between science and engineering (and
scientific advice and engineering advidd)e have heard two interpretations of the
relationship between sciencedangineering ira policy context. Thesnterpretéons are

not mutually exclusive, but as a teaibf emphasis they are interesting.
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241!The Oessential continuumO interpretatisrthat pure scierecand pure engineering
sit at two ends o& continuum with heaw scienceNor light engeering, depading on
your professional persuasionNsitting betweba two. This is th@osition taken by the
GCSA® and Secretary of State fonaivation, Univeriies and Skill$3*who use it as a line
of argument to support a system in whicB@SA oversees DCSAgheut a need for an
additional Government Chief lgmeering Adviser ohis/her departmera concomitants.
As Professor Beddington put it:

[T]hese strands ofdwice form an essential continmuand to put tem into silos

would be unhelpful. 1 have isatific and engineering atte, and what is pure
science and what is gineering does not seem to méatful debate as they link
across lots of different are&s.

242!The alternative to focusing on the simii@s is to place mme emphasis on the
differencesThe Oessential differenceO interpretatigrihe notion that notwithstanding
niche research areas, scieaoel engineering are disciplinésat differ fundamentally,
particularly in their goals: scientists set twutind out how thingsvork whereas engineers
typically are more interested in whether thegn turn ideas into reality. In a policy
situation the distinction ishwious. For exampléy setting carbon emissions targets one
might turn to scientists to gaan understanding of what jpact carbon emssons have on
the climate and to engineers tontiey what is possible in tesof practical actions. Only
with both strands ofdvice is it possibl® set meaningful targets@udevelop a strategy for
meeting them. To give an historic example:

When Michael Faraday explored the problefrexploding dust in coal mines, he
cracked the science and thenhis final report on theseagic events, gave his view
of how much fresh air needed to be sigapbin order to stop this happening, and
then very bluntly says he elnot have an idea how earth how he would get that
amount of fresh air down into the mine.H¥Thas to be leftBe said, Oto men who
are practical®?

The Oessential differenceQpietation inexorably leads the conclusion that there
should, at least in some cases, be both scientific advisers and engineering advisers.

243IThese arguments are not mutually exclusivediftdr in emphasis. lis obviously true

both that science and enginiegr are different displines and that there is an overlap
between the two. It is matter détermining the relative weigbf the differences and the
similarities. We take the view that the majorityaffessional activitthat can be classified

as science and/angineering falls verglearly into one of # categoriesNscience or
engineeringNbut not both. Even in cases where people move between engineering and
science, they know thefigirence between the two:

| think there is a strong eviap and that people mofrem being enginers to being
scientists and back again. Of course | spent my working career in industry in the
United States and there waldhat all the time. We wadileven be both scientists
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and engineers almost simulasusly. | managed large prdgeduring the day and in
the evening | looked at virusiesthe scanning electranicroscope that had built?8’

What engineers bring to policy making

244!Irrespective of whether one chooses to $oon the similarities or the differences
between engineering and saie, the fact that thewre differences strongly suggests that
there will be instances in whi@ngineering adee is more useful #m scientific advice.
Professor Beddington despite his positioattiDthere is a clear continuumO between
science and engineeriffjclearly distinguistebetween the two. When the Department
for Energy and Climate Change (DECC) waméal, he stepped indD¢nsure that they
had engineering advicg®and he has advistite Department for Gmmunities and Local
Government (CLG) that ineeds both engineeringnd social science advi€eHis
conclusion is that Owe neeal have, as chief scientifaxvisers, where appropriate,
engineers®! The Government is clearly in suppaoift Professor BeddiiionOs position,
since the MoD, BERBfT and CLG have engineers in BESA role. In other words, the
differences between enginegyiadvice and science adviaee already recognised by
Government.

245! So what, specifically,itshat engineers bring to ¢hpolicy environment? The Royal
Academy of Engineering put thadearly on behalf of a largection of the engineering
community, includirg most of the professional engineering institutions:

[E]ngineering is a quite diffent discipline [from scier, pursued in a different
manner towards different ends. Engineerisgconcerned wittsolving practical
problems and in chaging the physical wt, using scientific, tnical and business
skills. Science, on the other hand, is @gally about understaling the nature of
the world. The practical nate of engineering meansathengineering advice and
expertise is of great value in develoginiicy and delivering mjects. For example,
the need for engineering adviseparticularly pertinent ithe area aflimate change.
The big challenge is fonger the seardor evidence for climatchange but rather
the search for means of avoiding its aeaand mitigating & effects, many of
which will be matters angineering and technolog.

246!Professor Chris Snowden expanded orettpertise that engineers can provide:

[Tlo be an engineer [E] you have to haeeclear understandinof the science
behind the issues you amdaessing. At the same tim@u also have to understand
(@) how it is applied, (b) how it would lmeplemented, so that bacost implications,

reliability implicatons and it also has [E] $in-economidmplications?®3

247'And ProfessoMichael Kellywent further:
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It comes back to the distinoh between a scientist aath engineer. Any engineer
worth his/her salhas managed a complicated pragnae somewhere along the way.
It is one of the preconditions for evemsaleration to be a Fellow of the Academy:
what is the big project you have seanugh? When it comds management, there
are short courses for civil servants omwho manage but even the management that
goes on inside a departmeoit something going on outie tends to be at armOs
length and comes back toetlpoint that David made earnljethat as long as the
finances are right and there a good line to put agatneach bullet point in the
milestones to the project, that is it. Bmmebody to get up there and say, OThis is
going awryO, or Otligsgoing off the trde or this will notwork at some pointO,
engineers are pastasters at tha?

[M]aking professional judgemés about the feasibility @fspects of projects [E is]
integral to an engineering training afif] may not necessarilcome through the
regular scientific routé&?

248!We conclude that engieering advice and scientific atte offer different things to
the policy formulation process and that théenefits of both should be recognised.
Further, it should nd be assumed that a scientifiadviser can offer competent
engineering advice or eveknow when itis needed.

Engineering advice in policy

249IEngineering advicés crucial to manyolicy areas. The Govenent hasconsulted
closely with engineers on haavkeep Vehicle Borne Improed Explosive Déces at safe
distances from critical nationahfrastructure, on the impleantation of a new Incident
Recording System for the Fire Service andeaaling with cable cassion on the Severn
Bridge?°® Adaptation and mitigation of climate chgenis a major policgrea: the flood and
coastal erosion risk managementun by engineers from Ba, the Environment Agency,
local authorities and internalrainage boards; Opractitiondie., enginesi are at the
forefront of policy development and tteonsideration of sategic solutions®. The
Energy Research Partnershiglahe Energy Technadlges Institute, which are both joint
public-private ventureto promote energyesearch and movation in the UK, are other
examples where engineering is at the hefrthe GovernmentGsrategy for moving
towards a carbon neutral economy.

250!0ne regular voice foengineering in Government ithe Council for Science and
Technology. CST advises the Prime Ministel thie First Ministers obcotland and Wales

on Ostrategic issues thait across the respsibilities of individual government
departments@®® According to CST, ibrganises its work around five broad themes:
research, science and socieggducation, science and @®ovment, and technology
innovation. No mention of egineering, which is strange since seven of its members are
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engineers and many of its reports are engingagtated. We aim to vesit the role of CST
in our inquiry on OPutting science and eegiing at the heart @overnment policyO.

251!Unfortunately, the policy-making machine doest always operatdfectively. During
the course of this inquiry we caraeross several examples af peactice. Ireach case the
common factor is an abisie or relativeabsence of enggering advice:

I'l on carbon efficiency:

We have been told privately bsgliable sources #t unrealistic estiates have been
made about the contributionf non-fossil fuel sourcds energy supply and GO
emissions reduction as well as the po&rtarbon emissions savings of various
energy efficiency measurds sound enginegrg insight wouldhave given a clearer
picture of the contribution®f the different energy techlogies, the timescales in
which they could feasibly @@ on-stream and the measarnecessary to mitigate
riskNwhether technical, politidacommercial or otherwisé®

If you look at all the 3@dd policy measures out tleerfor reduction of carbon
emissions in buildings, | havbeen asking for two & what exactly is the
expectation in terms of actual carbon sgsiby 2015. That is a hard engineering
question so that we will knoww 2012 if we are on theajectory. | am afraid | cannot
get that answef?

'l on microgeneration:

EngineersO views dfg ¢ssential to identify barrier® certain policysolutions [E]

For example, while the use microgeneration of eleatity through wind power
might be recommended, threcommendation is undermined by the fact that the
electricity grid is not currently designdéd deal with the feeding back of large
amounts of power into the gridNthe didtition system is designed to be one-
way30?

Il on renewables:

[T]The new commitment to 25 gigatts of offshore wind b2020 is, to say the least,
going to be a massivenot impossible, chinge. It is going to mean installing ten
large turbines a day every day that youpractise in the North Sea, which is about
60 days a year, until 2020, ten a day evgrymtd 2020, and theiis one barge at the
moment that is capablaf carrying, and erecting, onéthose towers, so you do not
gain engineersO coefitte by having a strategy thadtjstates thahere is going to
be 25 gigawatts offshore wind in the North Sé&.

Il on eco-towns:

Recent plans for developing Eco-towns wdraevn up with the help of a steering
committee (the Eco Towns Challenge Pamdlich had no engineering input. The
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contribution of an engineer in this cag®uld have been tlmok at the intended
outcomeNreducing domestic carbon esiegns within the UKNand assessing
whether this was the beseans to meet that outcorffé.

I am well aware of one eco-town site tf@t,example, does not have the transport
infrastructure to conng it to the economit would have to servep | would suggest
that that is a fairly serious problemt@rms of the ratioale for the eco-towft*

'l on buildingnew houses:

[V]ast housing proposals have been made ¢fly to find that all of these housing
proposals had been madethwiut any consideration oivater supply. Engineers
would have stoppetthat immediately®

I'l on large IT projects:

Large IT systems are an area of Goventrpecurement that has and continues to
experience both bad press and implem@mtaproblems. Some would assert that
specifications have beeniv@m by political imperativesather than being derived

from operational requirements; a situatiavhich would apply to both the ID Card
project and the National IT Programme (CGmcting for Health)lt is possible that

this approach has led to decisions aboatdrchitecture of systems being taken or
assumed before detalleexpert advice was taken.rklea distinction needs to be
made between the advice received by Government in the procurement of systems,
which is often good and realistic, and #mvice received ithe development of
policies which are deliveréarough the procurerant of IT, which is often lackirf

252!0ne particularly alarming example wése review of the Severn Tidal Power
Feasibility Study to asseoptions for harnesg the tidal pwer of the Sewvie Estuary.
Professor Beddingtoiold us that he Owrote the Secretary of $#gE] indicating that it
was absolutely essentifl] that there was signi€ant engineering inpuft®, which
suggests that at the time Pssfer Beddington wrote thetter that the levef Oengineering
inputO was not Osignifi€aenough. It is alarmginot only becausei plainly obvious that
engineering input on a project like this is cali@t all stages of msideration, fom initial
discussion to implementatiobut also becauseahGovernment usesighfeasibility study
as a example of best practice in its written submi&%ion.

253!These examples raise number of points: the alm® of strategiplanning and
roadmaps, the importance oftiag as an intelligencustomer, a lack alear guidance on
policy making and the dangerof not seeking engineeginadvice early in policy
formulation. We shall dealith these points in turn.
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Strategic planning and roadmaps

2541We discussed strategitanning and roadmaps in théapters on nuckr engineering
and on plastic electronics. it clear from the above exaeplthat detailk roadmaps are
not used in several areas of Government.

Intelligent engagement with stakeholders

255! The Royal Academy of Engering and the engineerimgstitutions have called for
the Government to be adintelligent customerQ:

Government needs to be antelligent customer fothe engineerig advice it
receives. This means hayirivil service staff who amble to understand and
evaluate engineeringdvice. With the foau strongly on evidee-based policy, the
civil service should have amoniststaff engineers who ardetn sourceand assess
technical evidence. EvideAoased policy in key ameasuch as climate change,
energy supply and lowarbon transport is only achivle with thenput of policy
advisers with an understanding of theyued evidenceNandhat will include
engineering evidencé.

The examples of bad practigeeen above suggest thae tibovernment does not have
sufficient engineering pacity in several majgolicy areas. One tfie problems with a
capacity shortage is thatethGovernment has to rely momn bought-in expertise.
Professor David Fisk, a former i€hScientific Adviser, outlinethree situations in which
consultants nght be used:

'l when in-house staff out-source enginegramalysis that thegould have completed
themselves so they have mbtinee to focus on the mostfticult issuesNthe staff can
then check that the oweurced work is correct

Il when in-house staff are able to formuldte problem but are not able to devise the
solution, so it out-sourceseahanalysisNin tis situation sff can still chdcthe quality
of the work

Il when in-house staff are able to formulatethe problem coherently but still out-
sources some analysisNin this situation staff are unable to assess the quality of the
answers that come ba€k.

He therefore commented that:

Innovation Nationrightly proposes dhining private sectoadvice in formulating
tenders to provoke more innovative proglssbut it is silent as to how in the
proposals received the innovative are to be distinguished from the digasters.

256!We asked Professor Snowden whyhoeight this problem existed:
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Chairman: [U]nless the Government is an intelligenistomer and it actually has at
board level or certainly at thery highest level &t sort of advicehat critical advice,
then, no matter how many consultantsuybave thereafter, if you have made an
initial policy decisiorwhich is flawed, you are livingttvit thereafter, are you not?

Professor SnowdeMou may be.

Chairman: Well, if that is obviouso me and it isobvious to youwhy is it not
obvious to the Government?

Professor SnowdeBecause they have mgit the advice in thérst place or the
training. It is a serious o, and | will givean example. Yomay wonder why these
things arise, but, if you look at the reak in other countries of governments, you
will find that enginees and scientists pofaie a large number of these places. The
President of China himself is actually agieaer, so is his Videresident. They are
not practising egineers today obviously, but thdg have an appo@tion of the
skill-set. Now, | anmot suggesting everybody needs temgineers, but is useful to
have some content of that from the goof view of having input at that early
stage??

257IHow the Government shouldjo about improving itsengineering apability is
something we discuss latdn the meantimewe conclude thathe Government, in
several policy areas of wral departments, des not have sufficient in-house
engineering expertiséo act as an intéigent customer.

Policy guidelines

258!0ne way in which the policy gress could be improvedeiffective implementation of
sensible guidelinemn policy making. Such guidelines already exist for science, but not for
engineering. The Government claims th@science® as a dbrbaading includes
engineering, but the GCSAGgidelines on Scientific Analysis in Policy M&Rimgly
refers to engineering in a footnote. It is tdmdy time that engineerg is mentioned in the
whole document. In the foott®, OscienceO is broken dowa for example, forestry
science, veterinary scienogthematical sciences and sq while engineéng is lumped

as an entirety into Oengineering and technologyO.

259!We asked Profess@eddington whethethese guidelines should be updated. He
agreed that they shoultf,and told us thaOit is one of the things that | am going to be
discussing with my team ofief scientit advisersé

260!The Guidelines on Scientifiénalysis in Policy Makingshould explictly include
engineering advice. We arpleased that Professor Bedditmn has already agreed to
review these guidelines, and suggest tlla¢ research and engineering community be
consulted on the contetof the guidelines.
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Timely engineering advice

261!0ur final observation on # examples given above isttteven in cases where
engineering advice hdseen sought, it oftecomes too late. Thisan have profound
implications. For examep| with regard to eco-townthe Royal Aademy of Engineering
argues that had consultatiomth engineers taken placeftme the policy decision was
taken: OEngineers would haeerb highly likely to concludidat the outome would be
better served by retro-fittingxisting housing to reduce its carbon emissions, a view that
seems to be emerging thrduiie consultabn processé®

262! In another example from the Royal Aead/ of Engineeringnd the engineering
institutions:

Although the MoD continuedo struggle to dever projects totime, cost and
performance, it appears more likely take engineeringadvice than other
Departments. The recent revieivthe Royal Navy procuremieof two large aircraft
carriers by Sir John Pask FREng was instigatet a late stage to give the
Government comfort that theontract could be managedd delivered by industry.
It is welcome that the Government shogleek such advice, thit could be an
integral part of the procurement processdificult projects rather than a late stage
add-on3’

263!This theme of early consultation was sormghthat was raised time and again in
submissions:

I do not think Government engages eragrs early enough in the procurement
processes. | think they shoudd there from day one onetbe large-scale projects and
identified as suckt?

[Tlhe Royal Academy and the institutiofS] are quite often consulted very far
down the process. In one particular cage year, we had 48 hoQrsiotice to provide
a consultation on a paper emergy, which, as you caropably appreciate, provides
a very limited ability to usefully input toahprocess and it is far too far down the
process. The key point | would makehattengineering input needs to be in the
developmental and formulah phase of the policies @rstrategies, not as an
afterthought or in the implementation phaie.

Even in our own department [CLG] whetewas a matter of setting up a climate
change group, we have twaeomists and atatistician; that wathe starting point
of a problem which is essentially about clengttange in buildings. If they had said,
OLet us get a buildingsgineer and a couple of peofaeupport tratO, | would have
said that was the apgpriate way to staft®

264!And the Government Chief ScieitiAdviser honstly observed:
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[E]co-towns is one whereseems to me engineering adwsbeuld havéeen sought
at an earlier time andhlave concerns with th&t

265!Engineering advice should bsought early in policy fornulation and before policy

IS agreed, not just in projectlelivery. We recommend that the Secretary of State for
Innovation, Universities and Sils and the Minister for Sence and Innovation act as
champions in cabinet for the ety engagement of engineers in policy making. Further,
this issue should also be central to dissims in the Science aninnovation Cabinet
Sub-Committee.

Sourcing engineering advice

266!So how should the civil servige about sourcingngineering advicé®e were struck
by the ease of communication betweenethgineering commmnities and Governments in
China and Japan and observed that the diesebetween the two are largely cultural.
China is still a develapg country that is ragly building itself literally, anl engineers are
highly valued as aselt. Japan traditionally has a vestyong engineéng baseNit built
itself out of the post-waeconomic doldrums and throbgits high-tech engineering
industries it has a strong economy. Althougsth nations are naing that the younger
generation is increagyly attracted to fiancial services, it is t@wvorthy that engineers still
occupy high places in both Governments.

267!In addition, the Chinese dnJapanese engineering amatksNthe Chinese Academy

of Engineering (CAEand the Engineeérg Academy of Japan (EAJ)Ncarry enormous
authority. The President of éhCAE bears the same rankaasovernment minister. There
are stark differences between the Chinesiticab system and the UKOs, which perhaps
makes it easier for policy to Indluenced by engineers at the highest level of the Chinese
Government. However, the Japanese and UKigad systems are geitsimilar, yet in
Japan, the engagement bemvéee EAJ and the GovernmeeNor at least appeared to
usNto be more policysriented than the relationshipetween the Royal Academy of
Engineering and the UK Government.

268!0ne of our predecessor Committees, thier®e and Technolog@ommittee, was
equally impressed by the ®m in the United States:

We saw during ouvisit to the US the nre formalised role ftilled by the National
AcademiesNthe National Academy of Scienblational Academy of Engineering,
Institute of Medicine and Nainal Research CouncilNin the provision of scientific
advice to Government. The National Aeatles have a manato Oinvestigate,
examine, experiment, and repapon any subject of science or artO whenever called
upon to do so by any Department of the &wowvnent. Most of the science policy and
technical work is conducted by the NatioAaademiesO operating arm, the National
Research Council, which wasated expressly for this npose. Collectively, the
National Academies Oprovidepublic service by workirautside the framework of
government to ensure indendent advice on matters sfience, technology, and
medicineO. We recognise ttiz¢ UKOs learned societiese established within a
different institutional franework. Nonetheless, the @wnment has on occasion
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commissioned work &m the learned saglies, including awell-received Royal
Society/Royal Academy of Engne@g study on nanotechnologWe find the
institutional structure of the scientificadvisory system in the US attractive and
encourage the @Gvernment to discusswith the learned sodties the extent to
which similar arrangements auld be adopted in the Ukand the changes that this
would necessitate.

In the meantimethere is ample room for greateinvolvement of the learned
societies and professional bodies ithe UK scientific advisory systes#

269'We were surprised that when we askedfessor Beddingtowhether or not the
Government should be required to consule thK National Acaeimies over policy
decisions he replied:t@ not a questioh have thought aboufé.Consequently, we find
ourselves in a situation wire we could repeat theseO80recommendations without
alteration in 2009, which suggests a aergahount of inattention on the GovernmentOs
part. As we have stated, the Governmentdcsaurce engineeringdvice better, which
means that the Civil Servi@teering BoardNorwhich the Governma had pinned its
evidence-based-policy pesNhas not yet coributed a sufficientlystringent Ocheck on
the quality of evidence-based policy makiigO.

270!In particular, the Science @ echnology CommitteeOs eise that Othere is ample
room for greater involvement dhe learned societ@®sremains true. Irelation to this
point, Lord Broers posed and arsed a question to the Committee:

Well, would you choose, inder to get a trasport policy, the eCEO of British
Airways? Is that the way to get a transpoticy for the country8urely, one should
have gone to the Royal Academy of Engineéting.

271!t is a fair comment, but why the Royatademy of Engineering rather than, for
example, one or more of the professionatiintions? As Lord Broers warned, the Royal
Academy of Engineering hag Gread very carefully becaushe institutions are very
jealousO of its closeness to Governfiefihe Government has itsgdbinted out that it
has Omany organisationsO to witidan turn for specialist advié®.This represents a
further problem in ouwview: many officials doot have sufficient knoetige of the sector
to be able to decide wio turn to for advice. Ware not even convied that all DCSAs,
the majority of whom do not have an engineg backgroundand some of whom do not
even have a scientific baotignd, would know all the playem this complex landscape.

272!The danger of such a situatjovhere policy makers knawat they need engineering
adviceNlet us assume that thsgep has been takenNbut dot know who to turn to are
two-fold. First, most obviouslyhey may go to the wrong gq@e for advice and receive
inadequate advice. Sedprand more likely, they will go tots of peopleand receive a
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plurality of advice. As Professor Snowden wdras, currently Odifferent departments in
government are veryappy to go to different institutio@sand as a result they end up with
an unnecessary Odiity of input®3?® He argued that it wdd be better for the
Government Oto go to the Royal Academy ofriEeging who could also then quite easily
liaise with the relevant institutions for tepertise that the Government would need. It
would be a very straitforward thing to do.# This suggestion has also been put forward
by a large section of géhengineering professif in a joint statement: OThe Royal
Academy of Enginemg could act as a broker in the preparation, collation and submission
of profession-wide advice where and when it is requifedi@ agreeFor engineering
advice, the Government shouldonsider the Royal Academy @ngineering as its first
port of call. The Academy cathen bring together therelevant experts, including
representation from the relevat professional institutions,to provide impartial, expert
and timely input to policy formulation.

273!The Government should setp a Working Group with the Royal Society, the Royal
Academy of Engineering, the British Acadeymand the Academy of Medical Sciences to
explore how and whéter the relationship betweerGovernment and the Academies
could be formalised so as timprove policy making. Weeiterate the 2006 Science and
Technology Committee recommashation that strong consideation should be given to
the US model.

Engineering in the civil service

274INo-one knows how mangivil servants weredined as scientists engineers. When
asked if he knew how many there were, Professor John Beddington told us:

No, | do not. | posed thaquestion when | walketh the door, Chairman. The
answer is: it is difficult to ke The information ishot available in any detail to be able
to do it. Some departments havevdll; other departments do nt.

And when asked when he would have that information, he replied: Ol do not know [E] |
make no promises on this, Chairméaf.O

275!Unlike the economist and statistician clas&svernment has kepb central record
of engineers in Government since the mid-1980Brofessor David Fisk, whose long
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tenure as a Chief Scientifidviser in Government placgsm in a good position to
comment, explained:

In central governmenthe numbers of professionally qualified engineers are to say
the least modest. DTI in itast year did not know the grise number of Chartered
Engineers through it Ocould recall tenO. If tellig true it i smaller number than

the number of members of the ChinesditBaro with engineeng qualifications!
DfTOs Rail Group whicundertakes much of the leoof the old Strategic Rail
Authority has just twelve charteredgameers in a stafff almost 300.

These figures are in stark contrast tosdn of the 1960s when great deal of
engineering was undertaken in, or closeGentral Governmen{E] At this time
the Civil Service had a well aefil class called OProfesgiand Technical OfficerO
that paralleled OScientific OfficerO Blasseen 1939 and 196@ numbers in both
classes rose from 11,000 tq0@0. The dramaticeduction since then reflects a
change in Governmerdtructure rather than the amouof engineering undertaken
in the name of the public&er. If anything, egineering issues hawncreased both
in scale and complexits?

My broad conclusion is that the strength of engineering knowledge in government is
largely the result afccident; that, despitbe Professional Skills Agenda, there is not
much evidence of nurturing professionallskthat neither sponsor departments nor
supervisory boards seem to take much @dein human capitah engineering as

part of a statutory furtionOs ObalancedeszndO; that, whileete may be no magic
percentage of engiees in public servicather pressures medhe UK is likely to

have ended up wittoo few not too man§?®

276!The Government has provided usth the most up-to-datelata on the number of
civil servants with a scientifar engineerig background®’ Engineers play a key role in
several departments aadencies. For example:

" lin the Health and Safetfgxecutive there are 594 civilngmts with a degree in
engineering, and 135 chartered enginéaus of approximately 3,500 staff); and

" lin the Ministry of Defenceéhere are approximately 650artered engineers (out of
approximately 76,000 full-time equivaleris).

277!In most departments, howex, the Government does tnknow how many engineers
it has. This is true of & Department for Business, Enterprise & Regulatory Reform
(BERR), the Department for @mnunities and LodaGovernment (CLG), the Department
for Culture, Media and Sport (DCMS), the gagment for Energyand Climate Change
(DECC), the Department for Environmentood and Rural Affairs (Defra), the
Department of Health (DH), the Departmefdr Work and Pensions (DWP), and the
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Foreign and CommonwedltOffice (FCO). In the Department for Children, Schools and
Families (DCSF) theappear to be nori€®

278!The lack of records is problematic beeausthout a clear undstanding of what
expertise exists in the civil gee, it is impossiblto say one way ordtother whether the
right expertise exis in each policyarea. It is worrying becaust flies in the face of
repeated calls for such data to be kept.vitith reproducing whabne of our predecessor
Committees had to gan the matter:

There are no accurate figareegarding the total numbeu$ scientists and engineers

in the workforce, despite éhrecommendation in the @@ Cross-Cutting Review of
Science and Research tiddepartments should maintain records on specialist staff
in order to be able to idéfy their scientific qudfications and experienceO.
Nevertheless, Sir David Ignsaid there had been a Mdioning reduction of
scientists and enginesein the civil servi€®@, which he describas Oa concernO. [E]
We recommend that the Government iplement the 2002 recommendation of
the Cross-Cutting Review of Science arf@esearch to maintain records on
specialist staff in ordeto identify their qualities and experience [E]}*

279!The Government responded that:

From 2007, the Common Employee Rec{@ER) is likely to provide data on
professional categories and PSG [R@mal Skills for Government] career
grouping. At present plansrfoollout of the CER doeshinclude colleéhg data on
qualifications but this might be adileonce the CER habeen successfully
implemented*

280!t appears thathe Government has made little progress.

281!We reiterate the 2006 Science and Technology CommitteeOs previous
recommendation that: Othe Government jslement the 2002 recomendation of the
Cross-Cutting Review of Science and Resedrchaintain records onspecialist staff in
order to identify their qualities and experienceO.

Professionalism in the civil service

282IWe also heard that the civilrgiee frequently des not keep trackf professional
qualifications or accreditationf its specialist staff. Pesfsor David Fisk told us, with
typical frankness:

| think the human resources the Civil Service dhe moment haveather lost the
plot on professionalism in generdE] One or two of the human resources
departments | received imfoation from cleas did not really uderstand what a
Chartered Engineer was. Omnather extreme case, Ofgpthat works in a very
technical area, did not know how manyatiered Engineers they had but they did
notice that they paid the fees for threseikmed to me when ldked at the board of

339 Ev 788D791
340 Science and Technology Committee, Scientific Advice, Risk and Evidence Based Policy Making , para 45

341 Science and Technology Committee, Scientific Advice, Risk and Evidence Based Policy Making: Government Response
to the Committee's Seventh Report of Session 200506 , p 11



Engineering: turning ideas into reality =~ 87

a number of themNthe Environment Ageneyas one | looked at yesterdayNvery
often the scorecardgven to the board do not measute internal competence of
the organisation. They will measure how el outside world iperforming as it is
being regulated but theris not a track. Agu will see from mywidence, at the time

| asked the question the Financial v@®s Agency did not know how many
Chartered Accountants it h&tf.

283!Failure to promote and monitor engineeripgofessionalism in the Civil Service is
problematic. Not only does imean that managers do tnbave a firm grasp on what
professional expertise exists across the $erbiat it also missean opportunity to
promote professionalisin engineering ath promote the role agngineers to the public.

284!The Government could promote the importare of professionakccreditation in
engineering by insisting thatstaff and consultants in technical roles are chartered.
Additionally, the Government should keep proper records of the professional
qualifications of its staff so as to iprove its human resources information and
continuing professional development.

Specialism in the civil service
The senior civil service

285!At the top of the civil servicBrofessor Beddingtowas satisfied thdhere is a good
number of scientists and engineers. OTherd 80 scientists and engineers in the senior
civil service and that is a grelanumber than economisend a greater number than a
number of the other professiorié3dn fact, according to #h GovernmentOs own d#ta,
there are 168 engineersdagtientists in the senior civil ge. But as waiscussed above,
engineers and scientists ullyisbring differentskills sets to policyadviceNas do, for
example, economists and acctamnts, the former being morineoretical ad the latter
being more practical; for our purposes tlveyld be taken as analogous to scientists and
engineersNso we shouldkia these figures separately: 7@imeers and 92 sntists. These
figures compare to 160 economists, 194 wadeots, 408 lawyers, 431 Ooperational
deliveryQ specialistsdam9 Opolicy deliveryCriapists; the grand total of senior civil
servants is 4,212 (see Figurd38}.it gets worse. Of those éttgineers and 92 scientists, 30
engineers and 65 scientists are doing jobsréuptire specialist kiwledge of engineering
and science. In other was, 95 of this groupaveto be engineers and scientists. Therefore,
of the 1,399 jobs in policy ldery (845) and operational deliyg554) there are, probably
at most, 46 engineers and &dientists. That copares to 94 economist jobs and 174
accountant jobs in the senioivil service, which leaves &&nomistsand 20 accountants
doing other jobs in theenior civil service. So ithe generalist seniaivil service, scientists
and engineers are almost certainly outnumibdre economists and accountants, which is
the opposite of what Professor Bedtim@s rehearsal of the data implied.
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Figure 3. Senior Civil Service by profession of post and by profession of person, April 2008. This is a
selected list of professions. See Ev 364-365 for full tables.
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286!The Science and Engineering Fast StreamSSk&s set up to ensure that there are
generalist civil servants who haadbackground irscience and engingeg: it is run to
recruit individuals with sciemc or engineering degrees wlgo on to be trained as
generalists. According to ti@vernment, Oengineers are edlfor their generic problem-
solving skills and theability to produce praatal solutions to probias and drive delivery
through project management skilét is therefore surprisinthat only four departments
recruit from the SEFS: MoD, DIUS, BERRI &@ECC. Further, the number available to
departments is low: last yeanly 9 out of 249 successfaindidates for th general fast
stream, which includes the Science andjifgering Fast Sien, had engineering
degree$® This is an issue on which the GoveamnChief Scientific dviser agrees that
more needs to be done: OThis is one oérttes where | really have to engage with the
departments&’

287!The Government claims that the Scieneed Engineering Fast Stream is highly
valued, yet only four departmets recruit from it. We ak the Government to explain
why this situation has arisen and what stept plans to taketo ensure that all
Departments recruit from the Sciece and Engineering Fast Stream.

288IA separate, but relateéssue, is what happens to SEFSurescafter they enter the civil
service: they immediately bediaining as a generalist andtlwn their first few years will
usually work in areas that an®t related to science or engering. While itis clearly
important that there is a residual enginegriexpertise across tigeneralist seice, the
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Royal Academy of Enggering, among bers, has additionallgalled for science and
engineering fast streamershke given opportunities for progssion while etaining their
specialism&®® This would not only ensa that there was a gosdpply of specialists in
those policy areas in whiagmngineers are most usefulNfor example energy, building,
transport and so onNbutlso improve the steing of specialists ithe civil service and
make the prospect of pursuiagcareer in policy attractite people with an engineering
training, who do ot necessarily watd be a generalist.

289IWe note that Professor @édington has taken steps itoprove the reognition and
community of scientists and gineers in theivil service:

When | came into governmerj€] | said who are the prafssions that | am heading,
where are they and how do | find them beedusant to engage with them as that is
part of my job. As you knowhat proved to be much me difficult than | had
expected. What | digdvas | said let us hana community who gelinely recognises
that they are scientists and engineers. Was done by circuiag an email, and so
on, which said OWe are doingstiwould you like to be part of that community?O A
little under 1,600 people elected that theyuld like to be condered as scientists
and engineers and thatas in the first flush of thi¥esterday we had a conference
with about 310 of them and one of the tigrwe said was Ols tiédpful and how do
you want to take itorward?O 97 per cent of the cemes said this was helpful and
they did want to take it favard. | made a commitmeiait that conference to say we
will engage you but you hatego away and tells what you neegls a community of
civil servants who are sciettgisand engineers [E] We w through a number of
key issues: career development, whethaersjmuld be movingnto policy or can
you be rewarded if you remain dealing with your expertise, all very important
guestions?®

290! This effort by the GCSAo make the title OHead Pfofession for Science and
Engineering® a more tiolg role is enaaraging. It is noteworthyhtat the emphasis of the
work thus far is to look at career develgminand whether scientisand engineers can
work as policy specialists. Thmglicates the Governmerecognises thedk of scientific
and engineering @ertise in the generalist cigérvice as a weakness.

291!There should be more traing and experienced engineers the civil service at all
levels. One way of helping to achieve thisuMbbe to expand and adapt the Science and
Engineering Fast Stream (SBElF so that more scientistand engineers are recruited,
more departments recruit fromthis cohort and SEF$ecruits have theption to pursue
careers as policy speciakst We also recommend thathe Government prioritise
training in the civil service to improve the abtly of generalist civilservants to identify
issues where engineieg advice will be atical to the viability of a policy.

Career flexibility between the public and private sectors

292!Another way of gettig more engineers o the civil service iso improve the
flexibility between the public dnprivate sectors. Both Pessor Fisk and the Royal

348 Ev 757
349 Q559 [Ev 84]



90 Engineering: turning ideas into reality

Academy of the Engineering laak to the USA as a modehtithe UK could potentially
follow. Professor Fisk noted that:

The US has a much moreXible career reianship betweerprivate and public
sectors at Federal and State level. Th&l&at®nal Academy of Engineering (NAE)
records that 7% of its members as in@wgovernment and not-for-profitO sector, in
contrast to around 3% (mgstimate of the NAE equivalgi the Royal Academy of
Engineering*

293!Such flexibilityalready exists in the UK beten industry ath universities:

Universities [engineermpdepartments] are not a bacaeple [E]. We as academics
spend only a small amount tinme in industry, so we hawisiting professors who
spend most of their time imdustry and who come andach our students and help
the design classes. We hdegeloped a personal HR polityat works wth them in

a very flexible wai*

There is no reason aresume that a similar culture ekchange couldot be developed
between industry and the cividlervice. First, secondmsenbetween thdwo already
happen%2 Secondly, there is mutdgain for both parties:

| can see the advantage talbsides if major firms lik&rups or WS Atkins were to
second one of their engineers for a periodwaf or three yearat a pretty senior
level. The reason is that theyl bring the outside experieg in, but alsthey can go
back to their parent organisati as the person with thepexience of working within
governmengs3

2941Third, the current economiclimate makes engagement between the Government
and engineers in the private sector more advantageous and pressing.

295!The Government should seek ways tmprove the careerflexibility between
industry and the public sector. Both sidesould benefit: engineers from the private
sector would improve their understanding of Government, and civil servants would
improve their understanding ofindustry; additionally, the public sector would benefit
from using the skils of engineers who have managedajor projects in the private
sector.

The Treasury

296!The Treasury is a standto@Government depantent. It has a trans-departmental
role, controlling themoney that goes teach department, anthrough its budgetary
leverage it can play a formativole in shaping picy. But it is the oly department that
does not have a Chief Scientific Adviseoféasor David Fisk rad specific concerns:

While acknowledging #undoubted skill set giublic sector econoists, there is no
reason to expect that thdyave much experience in either the risk management
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issues or the modality of operation i@al world engineering enterprises. The
Treasury Green Book used as the bfagigolicy appraisal does not distinguish
engineering innovation issues at*#il.

297!He recalled:

| had an opportunity to interview the fdasury] team that designed rail
privatisation. It turned ouit had never occurred to ¢imn that the track and the
wheels that rest on it are a coupledrgpsystem. They wernot all mechanical
engineers. They had in their mind the safrtnodel you would get owning a train set
when you are a boy. So thegught them que independent and weeasy to divide
the market in that way. Thayay still have been right taatfy the marlet for rail
privatisation as they did bwvhat they did not realiseas that there would be an
engineering cost for makirtge break where they dith.

And Bob Dover, the former @irman and Chief Executive of Jaguar Land Rover, had a
similar concern:

Mr Dover: Personally | have had meetings witie Treasury which have been a
complete waste of time. [H]obviously presented my casepeadly, but it was just
ignored, it was a waste of both our time.

Chairman: Is this because they did notdemstand the engineering case?

Mr Dover: You have got to have amtelligent [E g]uestioner and you have to ask
the right questions [E] Ofte an adviser can help innderstanding what is
important and what questions to ask. If ydw not ask the right questions, you can
just go completely wrong. @nexample of that would lgeneration one biofuels
where because no-one asked whether mlumbers stood up we went down
completely the wrong patf

298!The former Science and Technology Comeaittecognised the problem of science
advice in the Treasury, and susfgd that the GCSA should haveeat on theoard of the
Treasury, and that the Treasury shiboave a Chief &mtific Adviser®’

299!We share our predecessor ConitteeOs concern that tiEeasury does not have
scientific or engineering advice at the highest levehe Treasury should appoint both a
Chief Scientific Adviser and a Chief Engineering Adviser.

Case study conclusion: the need for Chief Engineering Advisers

300!'When the Government tallkabout evidence-based polioy the STEM agenda, we
have observed that OscienceO always come®eréineeringd andll to the exclusion
of it. This is not a banal pecking-order dispuités an observatioabout the GovernmentOs
attitude towards science andgameering. Or is iengineering and scie@@ According to a
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new Government campaign, itrgither: the name of the camign is OScience: So What?
So EverythingO! As Prefaswendy Hall put it:

David King and John Bington both use science ritean science and engineering
but to meNand you will understal thisNit is very like whempeople say, OWell, OheO
means he and sheO but when people sajh&heian he, pacularly OheOsO [men]
when they say OheO. Wéggntists say OscieBchey mean sciefte.

301!And Professor the Lord Broemsho plainly told us that heonsiders himself both an
engineer and a scientist, had théofeing exchange with the Chairman:

Chairman: You have just heard, LoBtoers [E] an impassioed plea for engineers
to be recognised as, if you like, a chigirezer within departments alongside Chief
Scientific Advisers, but yowam to be saying that tieeare oppositsides of the
same coin and that therefore werdt need to make that distinction.

Lord Broers | think that is the case but | would have approached this problem from
a different point of view. Would have asked the questias it necessary to have a
Chief Scientist alongside the Chief Engineer?

Chairman: What is your answer?

Lord Broers Probably not in many instances.

Chairman: So you would haweChief Engineer?

Lord Broers Yes.

Chairman: Would you settle for a Chief Scientific and Engineering Adviser?
Lord Broers | would settle for a Chief Engineering and Scientific Ad¥ser.

302!We have already discussed at length thetfatengineers have afdifent set of skills
to scientists and that Govermmt could benefit from morengineering advicerlhis leads
to a natural question, raised the discussion between tkdairman and Lord Broers:
should there be a Governmedihief Engineang Adviser?

303!The engineering commutly certainly thinks that ther should be. The strength of
feeling was at times palpable. Bob Doveméo Chairman and CEO of Jaguar Land
Rover, when asked if the Gawerent would benefit from having Chief Engieer, replied:
OYes, much more importahain a Chief Scientist®We heard several reasons:

Il Because engineeg advice is distindtom other kinds of advice: We have argued this
above (Paragraph 248). Additally, the Royal Acadenof Engineerig pointed out
that:

There is growing support for the appointmef a Chief Engieer, distinct from the
Government Chief Scientist. Engineers hpadicular ski in the deployment of
resources to meet nationgbals and measures; the management of risk and the
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assessment of technological #ohs to problems like climate change and security of
energy supplyNall of which are essahtto good policy making. Such an
appointment would also go a substant@ay to ensure that engineering is
appropriately represented iBovernment and that the needs and contributions of
engineering are dealt with by @onment in a strategic mann#ét.

I'l Because engineeare best qualified to set best ficadn engineering advice: Professor
Wendy Hall noted in her impassed call for a Chief Engiering Adviserttat Ojust as
Chief Scientific Adviserset best practicerfgcience policy in department, you need
the engineering @ertise to set best pramifor engineering policy®.

Il Because the Government should recogrilse importance of engineers: The
professional engineering community subndtia a joint statement that OAs currently
happens with Science (througfe Chief Scientist [i.e., @rnment Chief Scientific
Adviser]), appropriate recogion should also be given Engineering and Technology
in the policy malng processt®

I'l Because it has proved sucfidsslsewhere: Professor Snowden told us that having a
Chief Scientific Aviser and a Chief Engiering Adviser could Ovkovery wellO, at the
same time putting pay the fear over putting thisvo discipline in OsilosO:

I would like to add that | haveeen in a company in the United States, | was a chief
scientist there, and | actually worked inrgdl with their chief engineer and, | have
to say, we did not see the differenceseth8milarly, in mywn companies, | have
had similar roles, so | do not seeerth as competitive, | see them as
complementary®

304IWe would add tdhis list:

Il Because Departmental Chiefdireering Advisers (DCEAsjould be able to take an
overview of a DepartemtOs engineeringlvice needs and ensutbat sufficient
capacity existed to meet those needs. We hlieady demonstead that engineering
capacity in the civil service is curiignnsufficient (se®aragraph 257).

Il Because Chief Engineeg Advisers would mvide useful point®f contact between
departments trying to co-ordinate overlapping engineering programmes.

Il Because Chief Engineeringisers would provide usefpbints of contact to the
outside worldNparticularlythe engineering comumity. We werealerted about the
need for this when Lord Bers, who has more experiertban most in engineering-
related policy, through his work as thenfier President of the Royal Academy of
Engineering and the formern@irman of the House of kads Science and Technology
Committee, admitted:

Yes, well, | am afraid, Chairman, everam ignorant ofquite where these
[Government policy] decisiaare made. My experience, having chaired the Science
and Technology Committeés that we are always tryitggbring back decisions that
were made somewhere, buvds never quite sure whete bring sanityback to the
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case. In fact, as you knawyour Committee, my Commiie, when | chaired it, was
quite effective in manystances in bringinthings back by takg the right evidence
from the right people and establishing wisathe sensible stratgdout | am not sure
where these strategies originate. Theyra@e somewhere degside departments,

| suppos€®

Il Because the Government alreadyogmises other specialistpextise that it also puts
under the broad heaaty of OscienceO.

305!The Government could easilupport its claim to recgnise the importance of
engineering and engineers @ppointing Chief EngineeringAdvisers, at a minimum in
positions where existig Chief Scientific Advisers aets Chief Engieering Advisers.

306!The Government has argued on severaccasions that €ienceO includes
engineering, and therefae there is no need for a Chief Enger. But it also argues that
Oscience0 includes social science and sttigtt there is a Chief Social Scientist and a
National Statistician. The GovernmentOs position is illogical.

307!Some departments shodl have Departmental Chie Engineering Advisers
(DCEASs), some Departmental Chief Scienitif Advisers (DCSAs), and some should
have both. The Government Chief Scientiffdviser should liaise with Departments to
determine which arrangemeins most appropriate.

308!0ne further issue that was raised regardiegrole of DCEAs and DCSAs is the role
that they play in the senionanagement of a departmentdawhether they should sit on
the boards of departmeri®.We note that somdepartments do have their DCSA on the
board, for example Defra and DIUS, but moshdb We shall returrio this issue during
our inquiry on OPutting soi and engineering at theaneof Government policyO.

309!We agree with Professor Beddington tharéhshould be one person to head up the
research and gimeering strand of atite across Governmefit.Currently, that person is
the GCSA, Professor Bidgton. For reasons that followge are proposing an enhanced
role as head of scientifepcial science and gineering advice acss Government. A job
title that would be more befittg this roleNand in line witithe GCSAOs current role as
Head of the Science and Eregring ProfessionsNwould &overnment Chief Scientific
and Engineering Adviser (GCSEA).

310!The civil service currentlhas a Chief Social Scientistl anNational Stistician, and

in the past there has been a Chief Economigséd We take the eiv that there should
also be a cross-department@ad of engineering, whose jolwould be to ensure that
engineering advice a@® Government was adede and engeering progrenmes across
Government were co-dmated. Since the departmengalgineeringheads will be called
Departmental Chief Engeering Advisers, and not toconfuse with the GCSEA, this
individual could simply be dad the Government Chief Bmeer. Additionally there
should be a Government Chief ScientiSpvernment Chief Saai Scientist and a
Government Chief Statisticiamhese would make up a cratepartmental advice and co-
ordination team, andvould be responsible for keepithe GCSEA briefed. The GCSEA
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would take on a more prominerole, with more regular ne¢ings with the Prime Minster
and Cabinet Office @€ials and Advisers.

311!In order to maximise the befits of this new arrangemt, there needs to be a
location change. Currently,dhGCSA is based in DIUS lautswers to the Prime Minister.
We agree with the former Science andhi®logy Committee, wbh recommended in
2006 that the GCSA and the office of the GGBduld be relocated to the Cabinet Office
to reflect and better enalite cross-departmental renitt

312IThese proposals would be easy for theeBoment to implementywould put down a
marker of the GovernentOs commitment to eviden@séd policy, and would lay the
structural and cultual foundations for a more ieence-focused civil service. To
summarise (also see Figure 4):

313!The role of the GCSA should be alteree suggest that the GCSA should be
renamed the Government Chief Scientifiand Engineering Advisr (GCSEA). This
person would be the head girofession for science, enggeering, socialscience and
statistics and should have a more senior rotethe Government with direct access to
the Prime Minister. The GCSEA would head upe Government Office for Science and
Engineering, which should belaced in the Cabiet Office. Beneattthe GCSEA should

be a Government Chief Engineer, a Govamant Chief Scientist and a Government
Chief Social Scientist. We recommend that the Government implement these changes
as a priority.

Figure 4. Organogram of our recommendations for the organisation of science ad visory structures in
Government
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6!0verview and general conclusions

We need to rediscover the power of ergiimg, its impact and otribution. It can
stimulate young minds and it can stimulate the economy.

James Dyson, founder of Dyson plc

Introduction

314!During the course of this inquiry, we lbecome increasingly conscious of the
critical contribution that egineering makes to the econgrand societal well-being, and
the decisive role it mustay in tackling global challengsesch as climate change, water
and food supply, and energycsaty. Nuclear engieering, plastic el&onics engineering
and geo-engineeringill play their part, but they makeap only a tiny segment of the
engineering sector. In this apter, we broaden out the discassand outline a number of
recommendations that are applicabxoss the whole engineering sector.

Engineering skills and the formation of engineers

315!In January 2009, th@overnment published thresults of its esultation on STEM
skills, The Demand for Science, Technologyin&gering andathematics (STEM) Skills
The evidence the Govenent received was vesymilar to the evidercwe received during
the course of our inquiry (see Chapter 2Y01df employers were experiencing some hard-
to-fill vacancies, with the grest difficulties in marine engineering (20%) and aerospace
engineering (16%). Of thoseganisations with problems recruiting graduates, the biggest
shortage was amongst mechanical enginddB%), with electronics and electrical
engineers also in short supgR7% and 22% respectivefy).

316!Training the next genetian of engineers is always aioaal priority, but it takes on
an element of urgency wheretie is a shortage. The ecomnoriownturn provides both a
challengeNin terms of persuatdj people to train for a camethat is clouded by media
stories of severe jdbssesNand an opportunyiNas a level of econdmrestructuring is
inevitable as the country (anglorld) comes out of recessioAdditionally, because the
timescales involved in largegemeering projects are so exteve, projects being planned
now will be staffed by peopleho are currently irschool. Therefore, tanswer a simple
question such as Ohow can the UK solveesmiig skills shortag€8?one must consider
the complex path by which a child becomeprofessional engineer. The engineering
profession call this process OformationO.

Formation of engineers

317!The first step in the formation of engineersn schooling. Whave avoided detailed
consideration of this stagenee it lies outside the Committée core remit. However, much
has been said on this setf\Nnot least in our e-consaition for employers and young
engineersNand the Government has been segyportive of STEM tehing in schools,
which we applaud.

369 The Demand for Science, Technology, Engineering and Mathematics (STEM) Skills , DIUS, January 2009, p 14D15; 2006
Labour Market Survey of the GB Engineering Sectors, SEMTA



Engineering: turning ideas into reality 97

318!The engineering commutly undertakes a ramgof activities toighlight the range of

opportunities affordedy a career in engsering. We participated ione such eventNThe

Big BangNand congratulate all the organisatiotisat were involved in delivering this,
and many other, engineering events, after@shdubs and activities. These include:

I'l engineering clubs for young peopl@¥®of which are in state schodl$);

I'l engineering challenges, for example: thengoEngineer for Brilin Competition; the
Royal Navy Challenge; ti®AA Challenge; the Airbu€hallenge; and the KONex
Challenge (which in 200&/Gnvolved 93,000 student);

'l programmes delivered by thedtmeering Develoment Trust: Year itndustry (a year
out before or during dege course); Headstart Courgeemmer courses assisting
informed choice regardm technology based degreasd careers)Engineering
Education Scheme (links year 12 studeams with local companies to work on real
problems over a 6 month period); and Go4SHkking teams of year 9 pupils with
companies and univsities on a 10 wReSET experiencé):

Il the NOISE campaign: targets 11D19 yeds, cddnd uses a range of early career
researcher role models to prota STEM skills and careéfsand

Il Greenpower, which runs electicar races for schools lleges, appreittes and youth
groups to promote engineegrand technology as care&ps.

319!Several of the young engineers we spokwltb us they werénspired to study
engineering as they wantéal work on projects that addssed global challenges. They
share this inspiration with Norman Has@hief Operating Officer of Laing OORourke,
who told us:

It is really about creativityt, is about making difference, it is atut contributing to
the future well-being [E] of the Earth in geral, because we leagome really big
problems worldwidé’®

320!0One of the biggest gldbehallenges we fateday is climate @nge. Inthe future,
geo-engineering technologies nygy a role in climate change mitigation, and IMechE,
among other§’” has identified the poteiat for this sector to inspire young engineers: it
recently ran an international competitioin which teams of young engineers made
technical assessments of tleasibility and sustainability giotential ge-engineering
solutions378 A team from the Science and Techgglé-acilities Councdt the Rutherford
Appleton Laboratoryn Oxfordshire won for the deg for an artificial tree.

370 The first UK young scientists and engi neers fair for schools and colleges
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321!To get a feel for the impaof engineering competitian and activities on the
aspirations of young people, we spoke to nesbf OYoung Enging®r an organisation
that develops and manages a national négtvwed extra-curricularengineering clubs in
both the primary and secondary sectors. @eatly enjoyed meeting these promising
young engineers, and were impressed widr tanthusiasm. We we told by Oyenuga
Abioye that OEngineersamreative people; they do imagihings and brig it to normal
lifeG¥°a sound definition! We heard why engineering is important:

You get to achieve thingshwilding, design andreation. Not justvrite your design
on paper but to actually Bd it and say OYddyave achieved swething; everybody
enjoys my creation and anyone can uséitQengineering isally for everyon#?

And we heard inspiring optimism:

Dr Gibson: When you are young, people oftek gsu that daft question, OWhat do
you want to do when youaw up?0 [E] what do you say?

Josh SimpsonMy answer is that Wwant to be an engiee | want to create
something; | want to change the woitl.

322IWhat set these young engine apart from their peerss that they had the
opportunity to experience enggaring at a young age, coupleith good career advice.
The young engineers we interviewed felt thatlatter is partidarly important:

David Lakin: Careers advisers and teachersndb necessarilypush kids into

engineering, mainly because they do mawe the right percepin of engineering

themselves. Those who have an interesinmineering, @ence and maths, it then
gets wasted because theypgished into other are&s.

Chris Martin: E sciences are taught by scienteachers who have done science
degrees, there is no one who has actufllye engineering because they are all
working in practice. So students are nmde aware that this whole career is out
there3s3

LeOval Haughton-James: GSCE level, | did doubdeience and IT, but | dropped
technology because | was not interestedtim school, butit gives you that
introduction to the skill which you can take and then expand further. In school,
they do not relate it to gineering so y do not realise yoare doing engineering
until you hear about ifrom somewhere elSg.

323!We were greatly impresselly the high quaty and wide-rangingwork to give
young people gperience of engineeringVe are supportive of akfforts to make young
people aware of the rewarding and challengingture of a career in engineering. While

we would not advocate that geo-engineering be championed as a research field above
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any other, we believe that inight have the OX-far® when it comes to alerting young
people to global engineerig challenges and we welconte inclusion in engineering
events. We are concerned, however, thatgineering is not always promoted as a
worthwhile, challenging and exciting career tipn, and advocate that it feature more
prominently in the provisionof careers advice at schools.

324IFollowing school, students can purguefessionalism thnegh two main routes:
further education and higher education. et education is parti¢arly important, and

in Chapter 2 we noted our sugp for the employer-led SldllAcademies that are working

in this area. Th&overnment has also invested in revitalising apprenticeships in the UK, an
issue we dealt with in detail in our repor&e-legislative Scrutiny of the draft
Apprenticeships Bitt and Re-skilling for recovery: Afteiittle, Implementing skills and
training policieg®®We do not expand otihose reports here.

Higher skills

325!During the ChairmanOs visits to Impefalllege London and UKAEA Culham in
September 2008, meern was expressedthé shortage of higbalibre UKapplicants for
post-graduate research positions, and at theathadtortage of suitabtyualified applicants
for PhD studentships in phgs and materialdisciplines.

326!A facet of research commado plastic electronics, gemgineering ath the nuclear
industry is its multidisciplinary nature. F@xample, geo-enginéeg research requires
knowledge of atmospheric chestny and physics, climate systs and marine sciences to
name but a few of & disciplinesinvolved®” and plastic electracs research teams
comprise a whole range of experts fromr©wa specialists that typically work on
materials, to generalitto systems peopf®The message we received throughout these
case studies was that gehemagineering expase was important to employersNwho
expect to put new recruits through furthérainingNrather than the formation of
specialised workers. For examph respect to food maradturing, Richat Midgley told

us:

I think we are looking, clearligr people of high acadengalibre but, also, with that
[E] Onative curiosity and ener@yand so on. When we pebple into technical jobs
in Unilever, we cannot expethat there will be someniversity College London
department of magarine making#°

327!The importance of Onat curiosityO in prpsctive employees was also underlined by
Richard Archer, who told us that whiea was recruitingnedical engineers:

What | wanted were guys who were ilmsely curious about what was going on,
with a fire in their belly and a twinkle their eye, and whether they were called a

385 Innovation, Universities, Sc ience and Skills Committee, Seve nth Report of Session 2007D08Pre-legislative Scrutiny of
the Draft Apprenticeships Bill , HC 1062-I

386 Innovation, Universities, Science and Skills Committee, Re-skilling for recovery: After Leitch, implementing skills and
training policies
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chemical engineer or a meclaal engineer did not reallypatter because you could
turn them loose on things and thkegd big brains and off they wetit.

328!Despite the undoubted importance of generajineering skills, is unquestionable

that some industrial sectors require highlga@plised engineers. Bia electronics is an
example of one such industry.tRer than the development afplastic electronics degree
programme, submissions to this case study called for increased investment in post-
graduate training to better support the industyand organisations sh as Plastic Logic
called for the developmeaf a plastic electronics conversion course:

| think it would be very interesting teee an emergence of a plastic electronics
conversion course at some kind of Uktitution that could take guys who were
basically electronics engineers in yekstgds technology and make them electronic
engineers in tomorrowOs technology. &hiera very nice precedent in the UK
DisplayMasters programrf@which does something likeathand I think that would

be very, very helpféi?

329!In identifying those areas of enginegr that would mostbenefit from the
introduction of specialised training coursiss important that the Government take into
account the engineering needstloé future in addition to thse of the present, including
competition between sectorBor example, a commitment by Government to invest in
renewing/upgrading the nationOs infrastrucaseart of a fiscatimulus package would
have implications for # number and Ocadsééngineers requide Without any horizon-
scanning, a significant timagd would undoubtedly arise between the point at which the
Government commits to embarking on a @dj and the point at which the UK can
provide a workforce wh the requisite sks to deliver it.

330!In assessing the UKOs engingeskills needs, it is important that the Government
should not Onavel gazeCkéep one eye on the competit Monitoring the extent to
which the activities aofther nation stateare likely to compete fahe indigenous skills
base is particularly important in the cent economic climate. For example, the $787
billion US economic stimulus peage will create guortunities for engieers to work on
projects including ugrading the electric grid ($11 billipnkick-starting the Advanced
Research Projects Agenayegy ($400 million), battgr research ($2 billion) and
proposes $1 billion be given MASA ($400 millionof which could bespent on rocket
development}** These opportunities arenlikely to appeal only to the USOs domestic
engineering population.

331!The key to solving sector-spic shortages of engineers will ultimately lie in the
UKOs ability to train th next generatiorof generalisengineers, who viithen specialise
after university. Plastcs electronics is one example ah industry that would benefit

from the introduction of post-graduate progammes that offeredgeneralist engineers
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specialised training. We recommend thd&PSRC engage with indtry to assess the
potential for establishing a range of conversion courses according to need across the
engineering sector to upsKigeneralistengineers.

Management training

332!The technical and theetical knowledge of an enginderonly part of his or her
arsenal. Another is managemeskills, which weheard from several sources are often
lacking in recruits fronuniversity. For example, in evidertcethe plastic electronics case
study, Stuart Evans from Plastic Logic madplea for the inclisn of management
training in post-graduate education:

I want young scientists to know how soipervise people, how to write project
reports, and how to do sonaé the basic blocking and tackling that represents the
move from being a fantasticgfessional to being a younganager and then to be a
great leader. So whether yami it in under-gaduate degrees, | am not certain that is
relevant; it is definitely relevant in post-graduate qualifica#tns.

333lLord Drayson alsoiphlighted the value ahanagement experiea to early career
academics with a desireget-up a spin-out company.

We have seen very effective modelssfon-out companies vére it has been a
professor and a post-doc. §lprofessor has worked witte post-doc to create new
intellectual property [E anl] the post-doc has thenainsferred to be the first
managing director of the spiout company [E]. You havéo have that central focus
for the science first andeh train the managementpetience on top of #°

334IWe do not consideit is necessary to wauntil individuals are engaged in post-
doctoral research before inttucing them to managemeskills. Indeed, giving evidence
as part of our Engineering in Governmarase studyProfessor David Fisk, Imperial
College London, highlighted ¢hadvantages of French eragring degrees in terms of
management education:

| would score France up vdmgh in the sense that itsdi@ engineering education is

far superior to the UK. People leave French engineering schools able to run
companies the day they leave, not abdglytacked with fiveyears learning of
technology?®’

335!Although concern was expressed over dhailability of manageent skills in the
graduate population, we recognithat steps are ibg taken to rectifythis through, for
example, EPSRCOs Engineering Doctorat®)pnogramme. Thi®hD-level programme
operates at academic centreattrecruit a group of resear@mgineers to work within a
research area and industrigctor. Open to graduatesany branch of engineering (or
other relevant discipline), EngD studente axpected to spend arali75% of their time
working directly with theircollaborating company. Packages of training courses are
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tailored to their needs in order to develop mamagnt skills, as well apecialist technical
subjects. Projects are designointly by the academiasd the co-opetang company?®®

336!We believe therdo be value in incgoorating management skis in post-graduate
masters and doctoral programmes. Wegommend that HEFCEEPSRC, the Royal
Academy of Engineering and the professionadstitutions co-ordinate to advise on
best-practice in the delivery dhis training by higher arl further educaton institutes.

Diversity

337!Diversity is a majoproblem in engineerig. Only 2% of engineering apprentices are
female and only 4%re black or an ettic minority (BME)3*° And in universities, the
proportion of engineering grahtes who are female is low:2006/07 it stood at 14.3%,
compared with 60.5% for other subjeétdt is not a problem ddlifferential ability: girls
across all ethnigroups generally ougsform boys at saree GCSE and A Leve|Rather,

it is more likely to davith cultural issas, such as pegressure and careadvice at school
and work-life balances in the j#B.The WomenOs Engineering Society has suggested that
action should be taken to address the longr©iand family unfriendlyvork cultures that
contribute to the Oleaky pipelD for women engineers, palidy those with children and
caring responsibilitie®? And the WISE Campaign (Women into Science, Engineering and
Construction) has suggestetat there should be morgirls-only enhancement and
enrichment activities, and those that are migender should be S boys and girlsNit
cites the London EngineegrProject as evidence tisaich aims are feasiité.

338!Work in this area is caed out by a range of orgaations, including the WISE
Campaign, the Smallpeice TrusScience Technology @ineering and Mathematics
Network (STEMNET) and the hening Grid. The Enginemrg and Technlmgy Board
says that there are too mangependent initiatives:

Greater effective coordinati is needed oithe multiplicity of promotional and
awareness-raising agties that are currelyt undertakerby a wide range of public,
private and professional organisations. While many of these interventions and
initiatives are excellent dnhave national coveragbetter coordination would
maximise impact and improve the consistency of mess&ging.

339!However, the Learning Grid, wah is an organisen that promotes engineering to
students and teachers, has countered that:

Our experience leads us to treat withution the frequently-expressed view that
there are too many initiatives, thatighis unhelpful andconfusing and that
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consolidation should be théirst objective. The diversity ad dynamism of
engineering-related initiatives is an opportunity not a th®at.

340!'Whoever is correct, three things are certiinst, an attempt toationalise efforts is
already underway: Shape thelufe aims to bring coherence to the many SET schemes
that focus on 10D14 year olds, increasieq tmpact and effectivess. It was started by
the Royal Academy of Engineering but is ety the whole science and engineering
community. This is avorthwhile project, and support farshould continueSecond, some
improvements have been neadFor example, the numbesf female students in
engineering increaseflom 13.1% in 20088 to 13.7% in 200576;the percentage of
female professional engineers incredssd 5.3% in 2008 6.2% in 20078 and last year
40% of employerseported that they believed thmumber of female candidates was
increasind® Third, however, where improvements héeen made, théyave been small,
and much more needs to ben#o To begin with, if 40% efmployers think the number of
female candidates iscireasing, the implicatiors that 60% do nosee such a pattern.
Further, where improvements isixthey have beesmall because the bkse is so low:
only 5% of engineers, 5% of techmisiand 7% of IT professionals are worfién.

341!in order that intiatives to broaden the diversity gfile of the engineering sector
impact positively on recruitmerand retention, it isessential that thegre founded on an
understanding of the factors thafffect the career choicesuoider-represented groups and
effectiveness of different imentions. This point was wderlined by Philip Greenish,
Chief Executive of the RoyAtademy of Engineering: Owesdhéo work really hard to
understand how interventions different stages a@f young personOs life actually make an
effect in terms of their decisioasd where they end up at the efdO.

342!Efforts have been made by organisations siscthe Smallpeice Trust to establish an
evidence base on whitd build widening participation inihatives. HowevelRat Langford
from STEMNET told us that thesfforts have not been sufficily co-ordinated and that
while Othere is this great plaia of stuff out there but nolg has actually ever produced
any real workable, consistentidenceO. A point also made by Terry Marsh, WISE:

| have been told in the past there is plasftyesearch, we adeowning in research,
but actually we are swimming polluted waterswe do not haveogd solid evidence
as to what it is thas affecting girls ahtheir decisions in life. Is it their peers, is it the
media, is it their parents, iisteachers? If we could actually a really nice piece of
snapshot research, followed Ibpgitudinal research [E] you [E would] start to see
what is happening and [E] he these decisions are métfe.
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343!We asked Francis Evansefltning Grid) whetlr responsibilityfor conducting
detailed research of this kind lay with indysar the Government. His clear view was that,
as a central co-ordinating body, it was the role of governiitélie agree with this view.

344!\We support the GovernmentQafforts to promote diverity in engineering. Its
financial support for STEMNET and theScience and Engineering Ambassadors
programme, WISE, the Computer Club for @s, and the work ofthe Royal Academy
of Engineering and the Engineering Delpment Trust is welcome and should
continue.

345!We are concerned that evidence is lacking on the factors that affect the career
choices of women and otheunder-represented groupsWe recommend that DIUS
commission research to examine these fastoThis evidence shodlthen be used as a
platform from which to develop and targt widening participation initiatives.

The perception of engineers

346!Whatever the historical reasons or causatengineers in the UKave a lower status
than their peers elsewte in the world, for example ©hina, Japan, Germany or France.
This was elegantly brought home to us wiverwere reminded that: OIf you ask a group of
teenagers to name the most farm@ngineer iBritain the majority othem will talk about
Kevin Webster who is a car maaic on Coronation Street®.

347!'We agree with an unnameaember of the Egineering and Machery Alliance who
wrote:

In Germany an engineer is a revered @erdde can only bealled an engineer
providing he/she is #ably university galified. In England waave many levels of
engineer ranging from the university guate to the Corgi gafitterl We seem
ashamed to refer to tradgeople and must disguise their trade with the term
engineer. Sadly as a nation we have farewagtialified trades people whether it be
in manufacturing or bilding trades. It seesunless you have been to university and
have a degree you aleemed to be a failyrerhich of course sbsolute nonsenge.

348!During our visit to China and Japan, we wstreick by the reget held for British
engineers and UK engineering. The perceptidnthe UK engineering profession as
portrayed by the British media is of systeambtdgetary and timetabloverruns. This is
far from the truth inother parts of the wid, where British engeers and agineering
firms are considered to be angst the best in the world. iparticular, there are two key
strengths associated with the UK. The firsinsoutstanding researdbase, fuelled by a
competitive academia thatkeen to engage with industijhe Japanese were particularly
envious of the UKOs university-based reseafehwere told on ouvisit that the reason
that approximately 80% of RXtakes place in the privatecg® in Japan, is that the
universities are not trustexb they are in the UK.
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349!The second strength is the charteringtesm in the UK. Andrew Ramsay, the Chief
Executive of Engineleg Council UK explained to wghat a chartered engineer is:

O[C]hartered engineerO is a standard appyighe Engineering Council, it belongs
to the Engineering Caeil, and that wasomething the Govement established
back in 1984, and wkold the register of all the gele who are able to call
themselves chartered engineers. Theresa@mething like 180,000 of them, many of
them overseas, but the majgrin the UK, ofcourse. In ordeto be awarded
chartered engineer dggation people have to wenstrate they have the
competence to practise as a chartereginerer, and that copetence is assessed
through a process which invot/éooking at their educationheir training and, in
particular, the evidence that they are praajsit a level capalébeing accepted as
a chartered engineer. The wayhich this is done (and this is where the profession
works very well together) is that we,aagelatively small ganisation, review and
audit the processes of the iBtitutions that we recogniseNin fact there are many
more, but there are only 36 that are dbleneet the standards requiredNand those
people who pass through the process @istered by us abartered engineef&

350!The international respect for UK Charteredgineers that we nogd was echoed in
the evidence we received. Keith Read, vefpoesented the G15ayp of engineering
institutions, confirmed that Othe British actered engineer has a far higher status
internationally than he does at hont&O.

351!Norman Haste, who built the Severn Bridgel Terminal 5 at Heathrow, gave us one
possible explanatioand solution, for th&JKOs low perceptiofits engineers:

We are very bad in this couyp at celebrating succe¥ghen you say that we are not
very good at delivetrg projects, | can name a fewojects that [E] have been
tremendous successes. [E]dd a team of 600 peoplegereers of ldisciplines,
planning and designing Terminal 5 fox satnd a half yeardut unfortunately,
instead of celebrating thas an engineemn success, it has become notorious
because of British AirwaysO troubles witir thaggage handlefBhat is putting the
wrong bias completely. Whatwould like to see is a rola greater celebration of
success with enginésg because we arayegood at it'®

352!We received severather suggestions to resolvasthssue of perception. The e-
consultation for youg engineers highlighted some concaiout the salaries of engineers:

The salary is really not equal to the wgdu put in during your degree [E]. A
pertinent example would be aty university (Bath). The5 Civil Engineers in my
year, can expect on averagestart on something arounf26D30K if they achieve a
2:1 or 1st [E]. For a BBA @helors of busiss and administration) the starting
wage for that same 1st 21l student could well be tekame, despite having done a
far easier degree both imi-wise and syllabus wise.dddition after 5 year their
projected salary will be far greater tthe equivalent civil engeer [E]. The trend

416 Q 138 [Ev 19]
417 Q 214 [Ev 29]
418 Q 98 [Ev 11]
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continues throughout the careers, wehgineers earning 9s. Why should | do
engineering if this is the ca¥é?

353!The lower salaries of engingdn comparison with healtiprofessionals, lawyers,
accountants and bankerssisirk (see Figure 5).

Figure 5. New Earnings SurveyNComparis on of Salaries of Main Professions 420
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Source: New Earning Survey, ONS (2006)

354!Another suggestion, apparently from a journalist covering science for 40 years,
focussed on the engers and their responsiliifito communicate whtheir profession is
SO important:

A better solution [E] would befor engineers to stop Wwiing and to celebrate their
subject in public. Point out tpoung people the gmeers are the es who will solve

the problems of climatchange and energy shortag®smind them that engineers
created their iPods dnthe football stadiums they love visit. Oh, and add that
engineers are pretty welligadespite the whingeing letters that occasional sneak
into the newspapers.

For that to happen, enginsehave to become better conmmitators. Don't leave it
to the [E] physiciss to claim the glory from thiearge Hadron Collider. Learn how
to talk to ordinary people, dmot just fellow engineers.

419 Ev 796
420 Engineering UK 2007 , ETB, p 55
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There has been a revolution in scienaaroanication over thgast 20 years. Sadly,
the engineers have missed Huat, perhaps because their institutions are too busy
competing with one another when theyostd be collaboratingn this important
aspect of their professidfi.

355!Another approach explored by a Mr Jennimgs 10 Downing Street petition, could

be to tackle terminology. We tined our definition of an egineer in the first chapterNan
engineer turns ideastmrealityNbut we did notelve into terminologywhich is far more
complicated. In the UK, for example, the tefengineerO is generically used to describe
both chartered engineers and teans. This is not the case say, Germany or France,
where engineers and te¢tians are distingished in everyday Iangua@éMr Jennings

has suggested legal prdi@t should be afforded to the title OEngineerO:

As a recently quai@d AstronauticsEngineer andwvith 8 years experience as a
Robotics Engineer | am at a point where due to the lack of respect by the
Government, the media in particular the BB@d society as a whole, | feel there is
little point stayingin the UK. Car mechanics, Phbers and Eledtians are now
commonly referred to as Engineers andhkanow regard Engineers as non/semi
skilled. With the UK falling Bend most other countrieg training Professional
Engineers and the falling mbers of children undertakg science based subjects
this can only result in adaction in the UKOs competitiss. | believier the long
turn prosperity of the UK and to attfastudents back tscience subjects the
Government must act decisiyednd introduce laws to gtect Engineers such that
only OChartered EngineersO ImechE, RR@®&l Aeronautical Society] can use the
title Engineer. This W give Engineerthe same professionahsis in our society as
doctors, lawyerssilar to Europe

356!The petition received 35,360 signatorisg great deal of pport during our e-
consultation exercise witlmployers. However, the Goverent rejected the petition:

The Government looks to the Engineeringu@al UK to regulate the professional
status of engineers, through its Royal Chaltes. true that there is nothing to stop
anyone from describg themselves as aengineer" but onlyhose individuals who
have a current registratioon the ECUK Register dQualified Engineers and
Technicians may use thgofessional titles of Chiared Engineer|ncorporated
Engineer and Engingdag Technicianlt would not be practical or appropriate for
the Government to attempt to introdei@ew legislatioan this matter?*

357!While dissatisfied with the current situationve find ourselves iagreement with the
Government. The catchall use of Oenginedsing@rettable, but legiating on language
cannot be the answer to raising the statusngineers. Chartered &ineer, Incorporated
Engineer and Engindag Technician are already prated terms and respected titles,
especially internationallyWe suggest that theengineering institutons, Engineering
Council UK and the Govenment (see Paragraph 284, Chapter 5) should do a better job

421 Ev 797

422 In German, Oingenieur® means a chartered engineer, and Otechniker® means a technician; in French, OingZnieur® means
a chartered engineer and OdZpanneurO means a technician.

423 http://petitions.number10.gov.uk/Engineer-Status
424 www.number10.gov.uk/Pagel4749
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of promoting Chartered Engireer status (CEng), Incorpora&d Engineer status (IEng)
and Engineering Technician stus (EngTech). In the sae way the general public
respects academic qualifications such &hDs, Masters and Hwours Degrees, or
professional qualifications in law and medicineso should it be pssible to inform the
public about the proéssional status of CEng, IEng and EngTech.

Conclusion

358!When we decided to conduthis inquiry, the enormos scope and breadth of
engineering and the problems that this mighiseawere at the forefront of our minds. We
attempted to mitigate againstighproblem of breadth and sa@py identifying themes and
exploring them through case studies. Thgimeering profession and Government do not
have this luxury: engiees must continue to be trained afl the necessadisciplines, in
appropriate quantities, whilkeeping standards consistent and high across the whole;
engineering advicaust be sourced fro@overnment and availableom engineers as and
when it is needed, no mattemhat the subject and sometisnen short timescales; long-
term engineering projects that affectsghrate parts of the UK, many engineering
companies and several Govaent departments must rétafocus while economic and
political factors fluctuate around them. Naofehese tasks are eaaly are necessary.

359!In the preceding chapters, atudan extent in this chagt, we have discussed some of
the broad issues and made some specific@emdations. In Chapte2 we discussed the
complicated interaction betweeskills trainng and capacity, ovdapping engineering
programmes and supply chainfdifilties in relation to nuelar engineering. We concluded
that the Government would benefit from takiagnore strategic approato its large-scale
engineering programmes. In Chapter 3 discussed the role @ernment plays in
innovation and commeialisation and we concluded titae Government should be more
strategic in its appach to supporting emeny industries. In Chapr 4 we explored the
policy implications of a new gimeering discipline, concluay that the views of the
engineering, science and soci@msee communities are all écidl to shapig domestic and
international policy andhat Government shoul@onsult widely in developing relevant
legislative frameworksAnd in Chapter 5 we outlinedeficiencies in the GovernmentOs
capability to make enginerg advice the foundation ofmany policy areas. We
recommended that Government uld benefit from having morengineers at all levels of
the Civil Service and suggessedne structural changes tohamce the cross-departmental
organisation of specialist advice.

360!There is a need for bettdrans-departmental managemenof engineering policy.

The Government should adopa practice of formulatingand following roadmaps for
each major engineeringrogramme, includingskills provision (seeChapter 2) with co-
ordination between each of #am. The Government should also be more strategic in its
support for emerging industries and policy areas (see Chapters 3 and 4). Finally,
Government would benefit from having senioofficials tasked to oversee engineering
roadmaps and strategic plans, and to manage engineering advice in a Civil Service with
more residual andspecialised enginearg expertise. There should be two people
responsible for this challenging body oivork: a Government Chief Scientific and
Engineering Adviser and a Governmer@hief Engineer (see Chapter 5).

361!While we have been critical about the GowaentOs lack of detailed strategic planning
and use of engindgag advice, there are sigoént positives to takigom this inquiry. We
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welcome the co-ordinated way in whiche tiengineeringcommunity approached this
inquiry (Chapter 1). We havieeen impressed by efforts imspire and train the next
generation of engineers, including thevemmentOs commitment to the STEM agenda
(Chapter 6) and to employer-led trainif@hapter 2). We havdiscovered that our
engineering researdiase is world-clag€hapter 3). And we welcome the Government
Chief Scientific AdviserOs oimgoefforts to improve the recognition of the engineering
community in Government (Chmier 5). But most importantly, we have come to
appreciate the critad contribution that engineeringnakes to society, the economy and to
solving or mitigating agast many of the worldOs shadaunting challengesVe are
convinced that the coriderable strength of the UK@gineering base makes it both
this nationOs responsibility and in its ecamic interest to playa major part, through

our engineering base, in solving global problems such as climate change, food and
water supply, energy security and economicsiability. The recent economic crisis has
presented the Government Wi a once-in-generation oppdunity to restructure the
economy by building on tle existing substantial stregths of UK engineering.
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Conclusions and recommendations

The profession

1!  The engineering communityOs approach to this inquiry has been coherent and co-
ordinated, with the institutions wonkg together to commmicate a common
message with and through the Royal Arag of Engineering. The Academy must
take forward and formalisis leadership role, sodhthe engine@mrg community
can communicateNand eordinateNmore effectively. (Paragraph 10)

Nuclear engineering: skills

2! The Generic Design AssessinéBDA) process is impaht and requires highly
skilled inspectors. The Govenent should make availaldafficient resources to the
Health and Safety Executigad the Environment Agency so that they can recruit
enough staff to complete the GDA pracas a timely fashion and to the high
standards required. A clear timetable ddobe published by the end of 2009.
(Paragraph 33)

3] We note the GovernmentOs optimism tthalivering new nucke power stations
within ten years is possible. However, veerant convinced that #hskills shortage in
nuclear enginearg can be bridged quite as easily some have suggested. In
particular, the General Design Assessmehich kick-starts the whole process, is
already running slower thaexpected, and the remainimgprkforce isageing. The
Government must continue its investmentengineering anahuclear engineering
skills and produce aear skills plan by the end of 20@ee Paragraph 33), to ensure
its nuclear new buildmbitions can be mgParagraph 41)

4!  We welcome the formation dfie National Skills Acany for Nuclear: employer-
led training is the best way ensure that industry getse skills it rquires. However,
we also believe that there should be gredaeity from industy and Government
about which institutions do what in tass of skills provisio. (Paragraph 47)

5. The design of fourtiyeneration nuclear reactors wgd ahead with or without UK
participation, and it is likelyhat the UK will wat to start buildingfourth generation
power stations in the futurdhe UK should avdi positioning itselfso that it has
little expertise in the very nuclear sysseih needs in the future. In a post-oil
economy, nuclear power wille a major player in the ey market and the UK
should grasp enthusiasticallye opportunity to tie a lead role in the international
nuclear industry. (Paragraph 50)

6. The Government shouldonsider which researcprogrammesNincluding the
Generation IV programme, EURATOMand IAEA and OECD research
programmesNare required to support itsalear activities. Wstrongly recommend
that the Government commission the Netal Nuclear Labotary to conduct a
cost-benefit analysis on what internaib R&D offers the UK in relation to
maintaining UK nuclear engineerm capability and ensurinfuture UK energy
policy is supporta. (Paragraph 52)
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7.  We support the formation of the Officer Nuclear Develapent, but remain
concerned about the lack af clear and detailed pldior delivering the next
generation of nuclear powetations. There should kze master roadmap for all
major engineerig projects, includingiuclear new build. Th®ffice for Nuclear
Development should takewnership of the roadmafor nuclear. The roadmap
should include considerationf: what skills are required over time and what will be
needed to deliver the skillcapacity ahead of timether generalengineering
programmes and nuclear engering programmes, both ti@nal and international;
potential bottlenecks in theupply chain; and who is respsible for the delivery of
each part of the roadmap. There shoulgikemonthly progresseports against the
roadmap. The roadmap should be in pléy the end of 2009. (Paragraph 57)

Plastic electronics engineering: innovation and commercialisation

8. The UK is well placed tapitalise on the economic pat&l of the growing plastic
electronics industry. Howeviewe are concerned that without a clear understanding
of how best to build on and miat the UKOs strehg in this sectothis opportunity
might not be fully realise We urge BERR to engagé¢hwhe Technology Strategy
Board, UK Trade anthvestment, UK Displays andghting Knowlelge Transfer
Network and the plastic electronics comrtyiio develop a tectology roadmap. In
constructing this roadmap iis essential that stakehalgeacross the sector be
consulted, from spin-out companies to multinationals. (Paragraph 72)

9.  We welcome the suppoftr plastic electmics research ardevelopment provided
by EPSRC and the Technolo8trategy Board, and beke sustained support by
these organisations is vital to the gifowf the industry. (Paragraph 80)

10! We do not believe that ¢hTechnology Strategy Bd@rs grant schemes and the
Managed Programme proposed by UKRILN and the former-O01 are mutually
exclusive forms of support. UKDL KT champions the needs of the plastic
electronic community, and as such wge BERR and the Technology Strategy
Board to engage wiih) and to reconsidethe deployment of a Managed Programme
in this area. (Paragraph 89)

11! The future success of the Wl&stic electronics industry honly lies in its ability to
lever public and privatiinance, but also in the co-andtion of funding sources. We
recommend that BERR, the Technold§iyrategy Board ahUKDL KTN take
immediate steps to increase the understamaf technological risk in the private
sector, and to review the funding landscape. (Paragraph 95)

12! PETeCOs location is a functiof the fact that it wa established as a regional
initiative. It is anopen question whether PETeC vl have been sited elsewhere
had it been founded as a national resource, something that it undeniably is.
However, we do not see tiner discussion on this issue as constructive or
worthwhile, and wish to see a lin@dn under the debate. (Paragraph 100)

13! We are sympathetic to PETe@émd to generate incomeadnder both to assure its
future survival andto allow it to participate inUK grant competitions. The
Technology Strategy Bal and OneNorthEast should review whether the
requirement for self-sustainability withfive years is realistic. (Paragraph 104)
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141 We urge PETeC to continue developiitg relationships with other Research
Centres, and to liaise withese Centres to am® national cagality in facilitating
R&D across the spectrum of plastic tetegc technologies. (Paragraph 106)

15! The plastic electronics industis/likely to growsubstantially over the next few years.
Although the UKOs research base putsat timique position to capitalise on this
growth, we must not be oglacent as countries suak Germany and the USA are
becoming increasingly owpetitive. We recommend # the Research Centres
supporting UK plastic electronics R&D eggawith the academic research base to
ensure state-of-the-arfacilities are accessible tlve academiccommunity.
(Paragraph 112)

16! The UK academic resech base should be appladdfr its strong record in
Ospinning outd start-up conigm Focused support, howevis needed to ensure
these businesses grow intworld-class enterprises. We recommend that the
Technology Strategy BoaBERR and UKTI consult witlK business, from start-
ups to multinationals, tadentify how best to suppothe growth of innovative
businesses in emerging industries. (Paragraph 120)

17! We encourage the Technglp Strategy Board to engage with multinational
companies across Europe to determinestiver pan-European osortia could be
established to progress the development @irgimg industries wh the potential for
high economic returns. (Paragraph 128)

18! The manufacture of plasticeetronics devices it destined to ccur outside of the
UK. However, we are extremely concerrtbat without urgent action by the
Government this will be thesality. As in our previousecommendation (Paragraph
72), we urge the Governmelat engage with the plastelectronics community, and
to articulate a strategic vision for thevel®pment of thisnnovative industry.
(Paragraph 130)

19! Support for innovative busesses as they transitibrom being pmmarily R&D
focused to launchingilot manufacturing lines igniperative. We mmend that
the Government consider winetr there is merit in establishing an open access
fabrication facility for the maufacture of Plastics Eleanic devices by UK SMEs.
(Paragraph 133)

20! The economic opportunities provided by tgi®wing industry do not only lie in the
manufacture of devices, busalin the development of a&pling technologies. It is
imperative that any nationatrategy for this industry must embrace the materials
supply chain, particularly as this sectoolds huge potentiafor UK industry
participation. (Paragraph 138)

21! Public procurement has the paotal to be a valuable towl driving innovation. We
welcome the GovernmentOs efforts tolovenovative procurement mechanisms,
and recommend it suppatpilot projects in the area of plastic electronics in order to
stimulate product developmeahd manufacture. (Paragraph 148)

22! The Small Business Resealaiiative (SBRI) ispotentially a valuable source of
funding for innovative companies in the UK. Our concern is that unless this support
mechanism is re-launched ia format accessible to SMEs developing future
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technologies, UK companiesll refocus their bsiness models tengage with the
lucrative procurement opportunities offekdoy the US undeits SmallBusiness
Innovation Research programme. We askt thIUS keep us updated on progress
made in rolling-out the revised SBRI. (Paragraph 155)

Geo-engineering: a new policy area

23!

24

25!

26!

27!

28!

29!

30!

At this stage, we do not caesr a narrow definition afjeo-engineeringechnologies
to be helpful. Technologies teeduce solar insolatiomnd to increase carbon
sequestration should both be consideredy@s-engineering options. (Paragraph
182)

Like the Minister of State for Sciencel dnnovation, we believe that Government
should give the full rangef policy options for marging climate change due
consideration, and we share the view @& Tfyndall Centrehiat geo-engineering
technologies should be evakth as part of a portfali of responses to climate
change, alongside nmaiream mitigation and adaptation efforts. (Paragraph 185)

Given the need for urgenttam in addressing the chahge of climate change, we
can see no reason for nmnsidering geo-engineeringctaologies as a Oplan BO.
Quite the opposite, the dedigi not to consideany initiative other than Oplan AQ
could be considered negligent particulafty, example, if OplakO fails to act as
planned or climate sensitty is greater than expected. (Paragraph 187)

We find the divergent viewsf DECC and DIUSas outlined by.ord Drayson and
Joan Ruddock, as to the futy@tential of geo-engineerinigsearch to be confusing,
and urge the Government ta@slish a clear view on the matter. (Paragraph 190)

Further, we concludihat it would not be appropriator sensible fapinion-leaders

or the public to see any lmy on the potentialise of geo-engingeg schemes as
implying a lack of ongng commitment to the del@pment of conventional
emission mitigation strategies or adapatresponses. We urge the Government to
be proactive in communitian efforts to dispel any incorrect perceptions.
(Paragraph 191)

In order Oto sort the wheat from the claffOdentify those geengineering options

it may be feasible to deploy safely in thture, it is essential that a detailed
assessment of individual tecthogies be conducted. Thassessment rsticonsider
the costs and benefits of geo-enginggraptions including their full life-cycle
environmental impact and vdther they are xersible. We welcomie efforts of
the Royal Society to reviewetgeo-engineering sector, amde it to engage with the
Royal Academy of Engineegimnd the Science and Engineg Academies of other
nations in this regard. (Paragraph 197)

Support for detailed modelling studies Wil essential for the dg@opment of future
geo-engineering options, andtte construction of a credilcost-benefénalysis of
technological feasibility. We g the Research Councilssigpport research in this
area. (Paragraph 203)

The Tyndall Centre for Climate Change well-placed to co-ordinate geo-
engineering researcand we would welcome the contlo€ geo-engineering-related
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31!

32!

work as an additional workfstam. Further, we recormend that the Government
engage with organisations including thgndall Centre, Hadie Centre, Research
Councils UK and the Carbofrust to develop a publicly4#fided programme of geo-
engineering research. Research grantslghmiawarded on theasis of excellence
after a process of competitpeer review. (Paragraph 217)

Before deploying angchnology with the capacity to geo-engineer the climate, it is
essential that a rational lslte on the ethics of gemgineering be&onducted. We
urge the Department for Energgnd Climate Change tode this debate, and to
consult on the full-range of geo-enginegrioptions with repesentatives of the
science, social sciencegd@amgineering commuties and implementing agencies e.g.
national Governments, international bedi or private sector organisations.
(Paragraph 226)

It is essential that the @ernment support socio-economic research with regard to
geo-engineering tedologies in order that the UK can engage in informed,
international discussions to dgop a framework faany future legisition relating to
technological deployment by natiomtgs or industry. (Paragraph 229)

Engineering in Government

33!

34!

35!

36!

371

38!

We conclude that ejineering advice andientific advice offedifferent things to
the policy formulation procasand that the benefits bbth should be recognised.
Further, it should not besssumed that a scientifichéser can offer competent
engineering advice or evknow when it is eeded. (Paragraph 248)

We conclude that the Govenent, in several pioy areas of several departments,
does not have sufficient -louse engineerg expertise to acas an intelligent
customer. (Paragraph 257)

The Guidelines on &mtific Analysisin Policy Making shdd explicitly include
engineering advice. Ware pleased that Pesfsor Beddington hadready agreed to
review these guidelispand suggest that the reseamtl engineerigp community be
consulted on the content ofdlguidelines. (Paragraph 260)

Engineering advice shoulie sought early in policyrfaulation and before policy is
agreed, not just in projedelivery. We recommehthat the Secreta of State for
Innovation, Universitis and Skills and the Minister for Science and Innovation act
as champions in cabinetrfthe early engagement ehgineers imolicy making.
Further, this issue should alse central to disssions in the Science and Innovation
Cabinet Sub-Committe¢Paragraph 265)

For engineering adee, the Government should nsader the Royal Academy of
Engineering as its firport of call. The Academy caretihbring together the relevant
experts, including representation from thelevant professionainstitutions, to
provide impartial, egert and timely inputo policy formulatio. (Paragraph 272)

The Government should set up a Workingp@p with the Royal Society, the Royal
Academy of Engineering, the British Aeatdy and the Academy of Medical Sciences
to explore how and whether the retetship between Government and the
Academies could be formalised so asrprove policy makig. We reiterate the
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45!

46!
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2006 Science and Technology Comeeitt recommendation that strong
consideration shdd be given to ta US model. @agraph 273)

We reiterate the 2006 Science arkkchnology CommniieeOs previous

recommendation that: Othe Governmanplement the 2002 recommendation of
the Cross-Cutting Review of Science anseReh to maintain records on specialist
staff in order to identify their qualiseand experienceO. (Paragraph 281)

The Government could promote the import@nof professional accreditation in
engineering by insisting thataff and consultants in tatical roles are chartered.
Additionally, the Government should keep propezcords of theprofessional
gualifications of its staff so as toprove its human resoues information and
continuing professional delopment. (Paragraph 284)

The Government claims that the Sciereel Engineerig Fast Stream is highly
valued, yet only four degenents recruit from it. Wesk the Government to explain
why this situation has arisen and what stépplans to takéo ensure that all
Departments recruit from the Science &mdjineering Fast Stream. (Paragraph 287)

There should be more trained and expeced engineers in the civil service at all
levels. One way of helping to achievewsld be to expandnd adapt the Science
and Engineering Fast Stream (SEFS) sb mfore scientist@nd engineers are
recruited, more departments recruit frotiis cohort and SES recruits have the
option to pursue careeras policy specialists. Walso recommend that the
Government prioritse training in the civiervice to improve thability of generalist
civil servants to iderfyy issues where emgiering advice will beritical to the
viability of a policy(Paragraph 291)

The Government should seelays to improve t career flexibilithetween industry
and the public sector. Bosides would benefit: engiers from the prate sector
would improve their understanding dBovernment, andcivil servants would
improve their understandm of industry; additionly, the public sector would
benefit from using the skillsf engineers who have maeal major projects in the
private sector. (Paragraph 295)

We share our predecessorn@uitteeOs concern that theeasury does not have
scientific or engineeringdaice at the highest levdlhe Treasury should appoint
both a Chief Scientific Adser and a Chief Engineering Adviser. (Paragraph 299)

The Government could easily support its claim to recognise the importance of
engineering and engineers by appoin@igef Engineering Adwess, at a minimum

in positions where existing Chief StiBc Advisers act ahief Engineering
Advisers. (Paragraph 305)

The Government has argued several occasions that @se® includemgineering,

and therefore there is no need for a Chiajifi@er. But it also gues that OscienceO
includes social science and statistics, yet there is a Chief Social Scientist and a
National Statisticia. The Government@ssition is illogical(Paragraph 306)

Some departmenthould have Departmental Chiefgineering Advisers (DCEAS),
some Departmental @f Scientific Advisers (DCSAsind some shdd have both.
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48!

The Government Chief Saific Adviser should lias with Departments to
determine which arrangement is st@ppropriate. (Paragraph 307)

The role of the GCSA should be alter&/e suggest thahe GCSA should be
renamed the GovernmeChief Scientific and Engineeg Adviser (GCSEA). This
person would be the head of profesdmnscience, engineering, social science and
statistics and should have a more seniorirothe Government with direct access to
the Prime Minister. The GCSEA would hegulthe Governmen®Dffice for Science
and Engineering, wbh should be placed in the léhaet Office. Beeath the GCSEA
should be a Government Chief EnginearGovernment ChieScientist and a
Government Chief Social Scientist. Weoramend that the Government implement
these changes as a ptio (Paragraph 313)

Overview and general conclusions

491

50!

51!

52!

53!

We were greatly impressed ity high quality and wideanging workio give young
people experience of engineering. We sagportive of all efforts to make young
people aware of the rewardirand challenging nature af career in engineering.
While we would not advocatbat geo-engineérg be championeds a research
field above any other, we believe thatighhhave the OX-factorO when it comes to
alerting young people to gldbengineering challeges and we welow its inclusion

in engineering events. Weeaconcerned, however, thaigineering is not always
promoted as a worthwhile, challenging anditexg career option, and advocate that

it feature more prominently in the provisiof careers advice at schools. (Paragraph
323)

The key to solving sectopexific shortages of enginsewill ultimately lie in the
UKOs ability to traithe next generation of genésa engineers, who will then
specialise after univaty. Plastics electras is one example of an industry that
would benefit from the intduction of post-graduate programmes that offered
generalist engineers spdisiad training. Waecommend that EPSRC engage with
industry to assess the poti@l for establishing a ramgof conversion courses
according to need acrossettengineering sector to uflskgeneralist engineers.
(Paragraph 331)

We believe there to be value in incogiorg management skills in post-graduate
masters and doctoral pragnmes. We recommend thelEFCE, EPSRC, the Royal
Academy of Engineerinand the professionaistitutions co-oréhate to advise on
best-practice in the delivergf this training by lgher and further education
institutes. (Paragraph 336)

We support the GovementOs efforts to promotevefisity in egineering. Its
financial support for STEMNET and tHécience and Engimégg Ambassadors
programme, WISE, the Computer Clubr fGirls, and the work of the Royal
Academy of Engineering drthe Engineering Development Trust is welcome and
should continue. (Paragraph 344)

We are concerned that evidengdéacking on the factors thatfect the career choices
of women and other under-representggoups. We recommend that DIUS
commission research to examine these factdns. evidence shéithen be used as
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a platform from which to deslop and target wideningarticipation initiatives.
(Paragraph 345)

54! We suggest that ¢hengineering stitutions, Engineerig Council UK and the
Government (see Paragraph 28hapter 5) should do lsetter job of promoting
Chartered Engineer statu@CEng), Incorporated EKneer status (IEng) and
Engineering Tedtician status (EngTeghlIn the same ay the general public
respects academic qualificats such as PhDs, Masters and Honours Degrees, or
professional qualifications law and medicine, so shoulldbe possible to inform the
public about the professiorgthtus of CEng, IEng almchgTech. (Paragraph 357)

55! There is a need for better trans-departta management oéngineerig policy.
The Government should adogtpractice of formulatingnd following roadmaps for
each major engineegnprogramme, includingkills provision (see Chapter 2) with
co-ordination between each of them. The &ament should also be more strategic
in its support for erarging industries and policy eas (see Chapters 3 and 4).
Finally, Government would befiefrom having senior officials tasked to oversee
engineering roadmaps and ga&gic plans, and to managegineeringadvice in a
Civil Service with more residuand specialised engineeriexpertise. There should
be two people responsilier this challenging bodgf work: a Government Chief
Scientific and Engireging Adviser and &overnment Chief Engineer (see Chapter
5). (Paragraph 360)

56! We are convinced that thermiderable strength of thékOs engineering base makes
it both this nationOs resysibility and in its economimterest to play a major part,
through our engineering basm solving global problemsuch as climate change,
food and water suppl energy securityand economic inskality. The recent
economic crisis has presented the Gowvent with a once-in-generation
opportunity to restructurethe economy by building othe existing substantial
strengths of Ukengineering. (Paragraph 362)
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Annex 1NGlossary

AFCI
ACR
BERR
BMBF
BME
BNFL
CAE
CCs
CDT
Cenamops
CEng
CIKC
CPI
CSAC
CST
DCEA
DCLG
DCMS
DCSA
DCSF
DECC
DEFRA
DFT
DH
DIUS

DTI

Advanced Fuélycle Initiative

Advanced CANDU Reactor

Department for Business, Enterprise and Regulatory Reform

Federal Ministry of Education and Research

Black and Minority Ethnic

British Nglear Fuels plc

Chinese Academy of Engineering

Carbon Capture and Storage

Cambridge Didpy Technologies

Centre of ExcellenceMaino, Micro, andPhotonic Systems
Chartered Engineer

Cambridge Integrated Knowledge Centre

Centre for Process Innovation

Chief Scientifidadvisers Committee

Council for Saree and Technology

Departmental Chief Engineering Adviser
Department of Communities and Local Government
Department for Culture, Media and Sport
Departmental Chief Scientific Adviser

Department for Childne Schools and Families
Department of Energy and Climate Change
Department for the Environment, Food and Rural Affairs
Department for Transport
Department of Health

Department for Innovaih, Universites, and Skills

Department of Trade and Industry



DWP
EAJ
ECUK
EngD
EngTech
EPSRC
ESBWR
ESRC
EURATOM
FCO
FCP
GCSA
GCSEA
GDA
GDP
GHG
GIF
GO-Science
HSE
IAEA
IEE
IEng
IMechE
IPCC
IPMS
IRIS
JET

LCD
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Department for Work and Pensions
Engineering Academy of Japan
Engineang Council UK

Engineering Doctorate

Enginerg Technician
Engineering@Physical SciencBesearch Council
Economic Simplifi@&biling Water Reactor
Economic and@&al Research Council

European Atomi&nergy Community
Foreign and Comonwealth Office

Forward Commitment Procurement
Government Chi&fkcientific Adviser
Government Chief Scientific and Engineering Adviser

Generic Deghn Assessment

Gross Domestic Product

Greenhouse Gas

Generation IV International Forum
Government Office for Science

Health and Safety Executive

International Atomic Energy Agency

Institute of Electrical Engineers

Incorporated Engineer

Institute oMechanical Engineers

Intergovernmental Ral for Climate Change

Institute for Pbtonic Microsystems

International Reaaténnovative and Secure

Joint European Torus project

Liquid Crystal Display
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LC-TV Liquid Crysal Television

LHC Large Hadron Collider

LWR Light Water Reactors

METI Ministry of Economy, Trade and Industry

MoD Ministry of Defence

MRSEC Materials Research Science and Engineering Centre
NAE National Acadmy of Engineering

NEDO New Energy and Industrial dreology Development Organisation
NERC Natural Environent Research Council

NGNP Next Gener@n Nuclear Plant

NNL National Nuclear Laboratory

NSAN National Skill&\cademy for Nuclear

NSF National Science Foundation

N-TEC Nuclear Technolodyducation Consortium

OECD Organisation for EconacCooperation and Development
OLED Organic Light Emitting Diode

OMIC Organic Materials Innovation Centre

OND Office for Nuclear Development

OPV Organic Photovoltaic

PBMR Pebble Bed Modular Reactor

PETeC Printable ElectrmnTechnology Centre

P-OLED Polymer Organicight Emitting Diode

PSAC Presidentiat®nce Advisory Committee

PVL Polymer Vision Limited

RAeS Royal Aeronautical Society

SINVQ Scottish and Nationslocational Qualifications
SBRI Small Business Research Initiative

SEFS Science andgifreering Fast Stream



SEMTA

SET

SME
STEM
STEMNET
UKAEA
UKDL KTN
UKTI

VC

WCPC

WISE
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Sector Skills Council for Swe Engineering a@h Manufacturing
Technologies

Science, Engineering and Technology

Small and Mediursized Enterprises

Science, Technology, Engineering and Mathematics

Science, Technology, Engimgeand Mathematics Network

United Kingdom Atonit Energy Authority
UK Displays and Lighting Knowledge Transfer Network
UK Tradeand Investment

Venture Capital

Welsh Centre for Printing and Coating

Women into Science, Engineering and Construction
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Annex 2NCase study terms of reference

Nuclear engineering
The terms of reference for the Nucleagigeering case study are as follows:

" Ithe UKOs engineering capaititpuild a new generation aficlear power stations and
carry out planned decommissioningexisting nucleapower stations;

" Ithe value in training a newmggration of nuclear engineers versus bringing expertise in
from elsewhere;

" lthe role that engineers willgyl in shaping the UKOs nucfeture and whether nuclear
power proves to be @somically viable; and

' Ithe overlap between nucteangineers in th power sector athe military.

Plastic electronics engineering

The terms of reference for tRéastic Electronics Bimeering case study are as follows:
" Ithe current and future rogeof engineers in the fiedf plastic electronics;

' Ithe potential for plastic electrms in the UK/global economy;

" Thow universities, industry, venture capital and Government are involved in the
development of the UK pls electronics sector; and

" Iwhether the UK engineering dmmanufacturing seot are set up tbandle growth in
this area or other areas like it.

Geo-engineering
The terms of reference for the Geo-epgitng case study are as follows:

" Ithe current and potential roles of engeming and engineers in geo-engineering
solutions to climate change;

" I'national and international research actyiand research fundy, related to geo-
engineering, and the relationship betweerd amerface with, thidield and research
conducted to reduce grmggouse gas emissions;

Ithe provision of universitycourses and other forms dfaining relevant to geo-
engineering in the UK;

" Ithe status of geo-engineggitechnologies in government, industry and academia;
I geo-engineering arehgaging young people in the engineering profession; and

I'the role of enginesrin informing policy-makers and ¢hpublic regardig the potential
costs, benefits and reseastatus of differerfeo-engineering schemes.
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Engineering in Government

The terms of reference for the Engineemm@overnment case study are as follows:

I'the role and effectiveness of the Governn@éfite for Science arile Chief Scientific
Advisers in providing engeering advice acss Government ah communicating
issues relating to engineagim Government to the public;

Ithe use of engeering advice iGovernment policy makingind project delivery,
including examples of policy dsions or project delivery @ have been or will be
taken with or withotiengineering advice;

'how Government identifies the need femgineering adviceand how Government
sources engeering advice;

I'the status of engaering and egineers within the civil seice, including assessments
of the effectiveness of theesice and engineering fast streams, and the role and career
prospects of specialist engars in theiuil service;

I'the role and effectiveness of professiengineers and the engiering community in
promoting engireering and providing ejineering advice to Gemnment and the civil
service; and

linternational examples of how enginearsd engineering advice are imbedded in
Government.
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Formal Minutes

Wednesday 18 March 2009
Members present:

Mr Phil Willis, in the Chair

Mr Tim Boswell Mr Gordon Marsden
Dr Evan Harris Graham Stringer
Dr Brian lddon

The Committee deliberated.

Draft Report Engineering: turning ideas into reglifgroposed by # Chairman, brought
up and read.

Ordered That the draft Repolte read a second tinpgragraph by paragraph.
Paragraphs 1 to 36laecand agreed to.

Annexes and Summary agreed to.

Resolvedrhat the Report be the Fourthgeet of the Committee to the House.
Ordered That the Chaman make the Repito the House.

Ordered That embargoed copies of the Reportrtagle available, in accordance with the
provisions of Standg Order No. 134.

Written evidence was ordered to be repotiedhe House for printing with the Report,
together with written evidence reported amdiered to be published on 30 April 2008,
18 June 2008, 7 July 2008 &40 and 19 November 2008.

[Adjourned till Wednesdga 25 March at 9.00am.
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Witnesses [Engineering]
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Wednesday 30 April 2008 [HC (2007-08) 470-i]

Miss Rachael Mensah , St Martin-in-the-Fields Hi gh School for Girls, Year 9,
Miss Shorna-Kay Reid , St Martin-in-the-Fields High School for Girls, Year 10,
Mr Oyenuga Abioye , 3rd Year, Architecture student, London South Bank
University, Mr LeOval Haughton-James , Year in Industry Student, Royal
Academy of Engineering/L ondon Engineering Project, Mr Josh Simpson ,
Ranelagh School, Year 12, Mr David Lakin , Young Engineers Field Worker, Mr
Chris Martin , Department of Civil and Enviro nmental Engineering, Imperial
College London, PhD student

Lord Browne of Madingley , @ Member of the House of Lords, President, Royal
Academy of Engineering, Mr Norman Haste , Chief Operating Officer, Laing
OORourke, Professor Michael Kelly , Chief Scientific Adviser, Department for
Communities and Local Government

Wednesday 7 May 2008 [HC (2007-08) 470-ii]

Keith Read , Chairman, G15 Group of Engineering Institutions,  Philip Greenish
Chief Executive, Royal Academy of Engineering, Andrew Ramsay , Chief
Executive, Engineering Council UK, and Sir Anthony Cleaver , Chairman,
Engineering and Technology Board

Ms Terry Marsh , Director, Women Into Science, Engineering and Construction,
Mrs Gemma Murphy , Marketing Development Officer, Smallpeice Trust,
Ms Pat Langford , Director, Programmes, STEMNET, and Francis Evans , Chief
Executive, the Learning Grid

Wednesday 21 May 2008 [HC (2007-08) 470-iii]

Mr Keith Elliott , Principal, City of Bristol College, representing the Association
of Colleges, Professor Barry Clarke , Vice President and President Elect,
Engineering ProfessorsO Council, Dr Lesley Thompson , Director, Research
Directorate, Engineering and Physical Sciences Research Council, and Ms Lynn
Tomkins , Director, UK Policy, Semta

Mr Chris Allam , Project Director SUAV(E), BAE Systems, Ms Lee Hopley , Senior
Economist, Engineering Em ployers Federation, and Mr lain Coucher , Chief
Executive, Network Ralil

Wednesday 14 January 2009 [HC 50-i]

Peter Fielder , Managing Director, Performance Excellence, BAE Systems,
Bob Dover , Former Chairman and CEO of Jaguar Land Rover, and Nick Worrall ,
UK HR Director, National Grid

Richard Pamenter , Vice-President and Head of Engineering, GlaxoSmithKline,
lan Midgley , Outgoing Chief Supply Chain Officer, Unilever, and Richard
Archer , Founder of the Technology Partnership and former CEO of the
Automation Partnership Group plc
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Wednesday 21 January 2009 [HC 50-ii]

Rt Hon John Denham MP
Analysis, Department for Innovation,

, Secretary of State, Mark Beatson
Universities and Skills, and Professor John

Head of

Beddington , Government Chief Scientific Adviser Ev 76
List of written evidence
Page
1! Department for Innovation, Universities and Skills, Department for Children,
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and Regulatory Reform Ev 93
2! UKCRC (UK Computing Research Committee) Ev 111
3! Environment Agency Ev 115
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7! Barry Shears, Greenpower Ev 120
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9! Young Engineers Ev 123
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14! Materials UK Ev 139
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18!  Engineering Development Trust Ev 158
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20!  New Engineering Foundation Ev 163
21! Engineering and Technology Board Ev 168
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23!  Wellcome Trust Ev 175
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25! Professional Engineering Community Ev 185
26! Institution of Civil Engineers Ev 190
27! Engineering and Machinery Alliance Ev 195
28! UK Electronics Alliance Ev 198
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INuckE and BNES (Institution of Nuclear Engineers and the British

Nuclear Energy Society)

EEF

Universities UK

The UniversitiesO Transport Partnership
Edexcel

Semta

UKRC for Women in SET
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Royal Academy of Engineering
Institution of Chemical Engineers
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John A Napier
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Witnesses [Nuclear Engineering]

Monday 7 July 2008 [HC (2007-08) 640-i]

Professor Sir Chris Llewellyn Smith , Director, United Kingdom Atomic
Energy Authority (Culham Division), Professor Jonathan Billowes, Director of
Education, Dalton Nuclear Institute, Dr Stephen Garwood , Director,

Engineering & Technology-Submarines, Rolls-Royce and Dr Graham Baldwin
Pro Vice Chancellor (Nuclear Industries), University of Central Lancashire

Clive Smith , OBE, Skills Development Director Nuclear, Cogent Sector Skills
Council (also representing the Nationa | Skills Academy for Nuclear), Robert
Skelton , Vice President, Institution of Nuclear Engineers, and  Michael Grave
Vice President, British Nuclear Energy Society
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Dr lan Hudson , Engineering, Technology & Skills Director, Nuclear

Decommissioning Authority, Mr Alex Walsh , Head of Civil Nuclear Programmes,
BAE Systems, Ms Fiona Ware , Vice President Operational Excellence and
Transformation, AMECOs Nuclear Business, and Mr Bill Bryce , Chair, New Build
Working Group, Nuclear Industry Association

Adrian Bull , UK Stakeholder Relations Manager, Westinghouse, Dr Mike
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Barber , Head of Technical Training, British Energy, and Robert Davies |,
Marketing Director, Areva

Monday 3 November 2008 [HC (2007-08) 640-iii]

Mr Mike OOBrien MP , Minister of State, Mr Michael Sugden Assistant
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Witnesses [Plastic electronics engineering]
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