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To achieve these policy goals, action is proposed in the areas

of energy efficiency, regulation, energy re liability through

diversity and transport .  For low carbon generat ion the

technologies to be supported are renewables and combined

heat and power (CHP).  In the case of nuclear energy, a proven

large-scale carbon free source of energy generation, the White

Paper is non-committal by saying “it does not propose new

build or rule it out”.  By implication, therefore the nuclear

option is considered as insurance should the mechanisms

proposed in the White Paper fail to deliver the carbon dioxide

(C O2) reduction targets at acceptable cost.

There have been many reports preceding and in response to

the Wh it e Paper, by government comm it t e es, le arned

societies and institutions which are supportive of nuclear

energy and outline what needs to be done to maintain the

nuclear capability in the UK.  However, the lack of a clear

policy w ith respect to nuclear power has created a vacuum

w ith respect to investment in R&D in support of existing

power stations and in preparation for nuclear power as an

op t ion in the  long e r t e rm . C onsequent ly the re  is an

incre asing ly worrying shor tage of sk i l led sc ient ists and

engineers and serious concerns that the UK w ill further loose

its technical skill base and absent itself from international

programmes becoming a non-player.

The industry has firm views on what needs to be done to

preserve the UK’s nuclear capability, but realises that its

perceptions and convictions need challenging, and what is

ideally needed is an authoritative and totally independent

review of the  situation.  It is for this very reason that British

Nuclear Fuels plc (BNFL) has commissioned the work in this

document.

The Authors are all independent, eminent experts and their

report is intended to inform the debate about a way forward

for nuclear R&D in support of the statements in the White

Paper.

I w e lcome the repor t wh ich proposes a pra c t ica l and

affordable way forward which, w ill place the UK in a much

stronger position to make the right decisions regarding the

future of nuclear power and to capitalise on the business

opportunities that could follow if nuclear power is chosen as

part of the UK’s diversified carbon free generating capacity.

D r Sue Ion O BE, FREng

We are now facing a critical time in our history. Earlier this year the UK Government
published its Energy White Paper.  In setting objectives for the next two decades it mapped
out the vision of how the UK is going to meet its energy needs whilst tackling the challenge
of climate change.  The intention is to shift the UK decisively towards a low carbon economy,
and realise a 60% reduction in carbon dioxide emissions by 2050.
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Executive Summary

UK Energy Policy

The UK Government has outlined its energy policy in the

Whit e Paper1, “Our energy future-cre at ing a low carbon

economy.”   This policy addresses the threat of climate change,

loss of indigenous supplies of oil, gas and coal and the need

to replace the existing infrastructure over the next 20 years

to accommodate new electrical generating technologies. The

central strategic objective of the policy is to move towards a

low-carbon economy in order to reduce C O2 emissions from

current levels by 60% by 2050 w ith significant progress by

2020. We fully support this objective.

The primary means proposed to achieve this objective are a

combination of greatly increased energy efficiency and use of

renewables supplemented by increased use of gas fired power

sta t ions, toge ther w ith a move to low-carbon fue l for

transportation. In the longer term fusion is assumed to replace

energy generated from fossil fuels. Nuclear power and clean

coal technologies w ith carbon sequestration remain options.

However, these changes come at a t ime when the UK’s

indigenous natural resources of oil and gas will be substantially

depleted, the existing nuclear power stations w ill reach the

end of their life and coal fired stations w ill most likely be

phased out . In this scenario, renewables are assumed to

provide about 20% of electricity demand by 2020 making

the UK dependant on importing up to three-quarters of its

primary energy needs as gas and oil. This wholesale shift in

approach to generat ion w ill need to be accompanied by

significant changes to the grid infrastructure to accommodate

both large central power stations and small scale decentralised

power generation and to the infrastructure for gas supply.

The Risks Associated with the Policy

W i thout a se cure and a f fordab l e supp ly o f e l e c tr ic i ty,

e c onom i c  gro w th in the  U K and our in t e rna t iona l

competitiveness would be seriously jeopardised. A strategy

that aims to provide this supply, whilst realising the significant

reduc t ions in C O 2 em iss ions by energy e f f ic i ency and

renewable generating technologies alone, is both challenging

and carries high risks. The White Paper quotes on energy

efficiency and renewables  “they will have to achieve far more

in the next 20 years than previously. We believe such ambitious

progress is achievable but uncertain.”

The Authors be lieve that the risks implicit in the energy

strategy are very significant. If the risks materialise through

either energy demand turning out higher than forecast or

renewables failing to deliver the necessary capacity or both,

there w ill be requirement for additional energy from fossil

fuels and an increase in C O2 emissions. Satisfying the targets

through carbon sequestration is likely to be unacceptably

expensive whereas these risks can be offset by nuclear power

continuing to provide a substantial proportion of the carbon-

free generating capacity, a point recognised by the White

Paper which states, “new nuclear build might be necessary if

we are to meet our carbon targets.” However in order to

protect this option it is necessary to carry out preparatory

work now.

The N eed for a Nuclear Programme of Work

To ensure the maximum contribution to carbon free electrical

generation, work is required to maximise the life of existing

nuclear power stations, to protect the nuclear power option

in the longer term and to address the legacy waste issue. In

particular, it is necessary to acquire sufficient technology and

know how to inform Government and industry decisions and

to maintain the skill base as a starting point for any growth.

The main elements of the proposed programme are:

! To provide support for the existing nuclearstations

! To maintain competence to select, license and operate

new reactor systems

! To keep abreast of international developments in the

next generat ions of nuclear reactors and fue l cycles

! To maintain and develop competence in nuclear waste

management including legacy clean up.

The total cost of the proposed programme is £20M per annum

of which £10M is already committed to support legacy waste

management w ith the balance to be co-ordinated and cost-

shared between the public and private sector. The duration

of the programme should be three years, such that at the

end of this period Government and industry w ill be better

informed to review the strategy to be followed for nuclear

power in light of progress w ith other forms of carbon free

1
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energy.  Action w ill also have been taken over this time frame

to ensure the skills platform can be maintained ready for any

growth, should it be needed.

In order to maintain focus, it is important that the programme

is directed from a single point such as the new UK Energy

Research Centre supported by a Nuclear Advisory Group.

2
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1. Introduction

The Government has outlined its proposals for the UK’s

energy policy in the recently published White Paper1 “Our

energy future-creating a low carbon economy ”. The primary

focus of this policy is to shift the UK decisively to a low carbon

economy to address the concerns of climate change whilst at

the same time addressing the implications of reduced oil, gas,

coal and nuclear production. W ithin the next 20 years, the

UK will become a net energy importer and will need to replace

or update much of its energy infrastructure . The po licy

identifies three main challenges as part of the Government’s

vision:

Environmental - moving to a low carbon economy in which

the UK takes a lead in cutting greenhouse gas emissions by

60% by around 2050. The recent reports by the Roya l

Commission on Environmental Pollution (RCEP)2 and the

International Panel on C limate Change (IPC C)3, identified the

need to reduce greenhouse gas emissions to these levels to

tackle the causes of global warming. The targets are to be

achieved by energy efficiency, extensive use of renewable

energy sources and heavy dependence on gas, although coal

w ith carbon sequestration and nuclear are not ruled out as

fa ll back opt ions. A move to carbon free technology for

transport and the introduction of nuclear fusion for electricity

generation are also assumed for the longer term.

Decline of UK’s indigenous energy supplies – significant

natural reserves w ill be depleted over the next two decades.

Much of the UK’s economically viable deep mined coal is likely

to be exhausted w ithin 10 years, by around 2006 the UK w ill

become a net importer of gas and by around 2010 a net

importer of oil. In the period to 2020 nuclear generating

capacity, which today accounts for greater than 23% of

demand, w ill have declined, through station closures, to less

than 6% . The White Paper states that by 2020 the UK could

be dependent on imported energy for three-quarters of its

total primary needs, a greater dependency on imports than

at any time since the industrial revolution 150 years ago w ith

consequent se cur ity of supp ly and ba lance of payment

implications.

Updating the UK’s energy infrastructure – by adopting

the policy, the UK w ill move to new electricity distribution

networks to accommodate both large centralised and local

distributed power generation from renewables and power

sources in homes and businesses. It w ill also be necessary to

provide additional connections to supplies of both piped and

liquefied natural gas from different sources. In the longer term

there w ill need to be changes to the infrastructure to support

new fuels for vehicles operating on natural gas and, ultimately,

hydrogen.

To address the new challenges, the White Paper sets out four

goals:

1. To put the UK on a path to cut the UK’s C O 2 emissions

by some 60% by about 2050 w ith real progress by 2020

2. To maintain the reliability of energy supplies

3. To promote competitive markets in the UK and beyond,

helping to raise the rate of sustainable economic growth

and improve our productivity; and

4. To ensure that every home is adequately and affordably

heated.

The White Paper states that the Government does not intend

to set targets for the total energy or electricity supply to be

met from different fuels. The preference is to create a market

framework, reinforced by long term policy measures, which

w i l l give investors, businesses and consumers the r ight

incentives to find the most effective balance to achieve the

goals.

The Authors welcome the central theme of the energy policy,

its goals and note its challenges. However the White Paper

recognises that this energy policy involves significant risks and

states w ith respect to energy savings and renewables that

‘they will have to achieve far more in the next 20 years than

previously ’. Recognising these risks, we consider that the

possible contribut ion from nuclear power to solving the

carbon problem should have been given greater emphasis.

This view is shared by the House of Commons Science and

Techno logy Committee in the ir paper ‘ Towards a N on-

C a rbon Fue l  E c onomy :  Re s e a r ch D eve lopmen t  and

D emonstration’4 in which they state ‘It (Government) has

ducked the central issue-whether to provide a future for the

nuclear power industry-and failed to give a lead’

3
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positive steps are taken to underpin it; the case is detailed in

Section 3. The scope and funding of a proposed programme

of work, including research, aimed at keeping the nuclear

option open is presented in Section 4 w ith its method of

implementat ion descr ibed in Sect ion 5. Conclusions and

recommendations are given in Section 6.

On nuclear power, the White Paper states:

“ While nuclear power is presently an important source of

carbon-free electricity, the current economics of nuclear

power make it an unattractive option for new generating

capacity and there are also important issues of nuclear

waste to be resolved. This White Paper does not contain

proposals for building new nuclear power stations.

However we do not rule out the possibility that at some

point in the future new nuclear build might be necessary if

we are to meet our carbon targets. Before any decision

to proceed with new build there will need to be the fullest

public consultation and the publication of a further white

paper setting out our proposals.”

In the Authors’ view, it is important that both industry and

government are able to make informed dec isions about

nuc le ar power now and in the future . In add it ion, the

contr ibut ion from ex ist ing nuc lear stat ions to the UK’s

electrical generating capacity (and savings in carbon emissions)

is significant and so safe and reliable continued operation of

existing stations must be assured.

The Authors therefore propose the minimum necessary

programme of work to be performed in order to:

! maximise the life of existing stations,

! maintain the competence necessary to select,

license and operate new reactor systems, including

an  independent  economic assessment of nuclear

power

! keep abreast of international developments in the

next  generation of nuclear reactors and fuel cycles

and

! maintain and develop competence in nuclear waste

management.

This programme of work w ill maintain the skills, capabilities,

know ledge and technology in the UK to underpin informed

decisions and enable UK companies to participate in this large

and grow ing global market.

The Task Force findings are discussed as follows. In Section 2

an assessment of the Energy White Paper is presented which

highlights the risk of the proposed strategy failing to deliver.

This argument leads to the view that the Government’s w ish

to see the nuclear option maintained w ill only be realised if

4
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The derivation of the model is discussed in Appendix 2.

Our mode l covers two cases for energy demand, before

efficiency savings, of 0.5% and 1% per annum growth, both

w ithin the expected range.  In both cases (Case 1 and 2a) we

have back calculated the required efficiency savings in order

to keep the net energy demand constant in line with the White

Paper assumption. Case 2b also shows the impact on the

higher level of demand if only the lower level (35TWh) of

energy savings is realised. In this case , there is an actual

increase in fossil fuel demand and an associated increase in

C O2 emissions assuming renewables and nuclear deliver in

line w ith the White paper assumptions.

2.2 Elements of Risk:

(a) Demand and Energy Efficiency

Such estimates of demand  for the future, as shown in Table

2 , are  inev i t ab ly sub j e c t  to cons ide rab l e  unc e r t a inty.

N evertheless they indicate that demand is likely to increase

by between 35 and 73TWh. We believe that these RCEP and

D TI projections could have under estimated the demand

pressures particularly if, as anticipated in the White Paper,

there is a move to electricity sourced energy such as fuel

cells and advanced batteries in transport.

The White Paper assumes that the increase in demand for

electricity can be more than offset by improvements in energy

efficiency.  However, economic incentives w ill be required to

encourage new technology and changes in energy use; these

are not clearly stated in the White Paper. On a practical level,

the existence of a well-established and mature infrastructure

in the UK means that reductions in consumption, (e.g. for

space heating and services) w ill be constrained by the need

for ex t ens ive  ba c k-f i t t ing o f ene rgy sav ing me asures .

Moreover, in re cent de cades, there have a lready be en

considerab le reduc t ions in energy consumpt ion in the

industrial manufacturing sector as a result of considerable

reductions in industrial activities. These trends are unlikely

to continue into the future. W ith regard to transport, while

considerable advance has been made in developing technology

to improve the fuel efficiency of road vehicles, these have yet

to fe ed through ful ly into product ion vehic les. If targe t

reduct ions in energy efficiency of up to 73T Wh are not

achieved, on present policy this would have to be met by

2. Energy Policy Risk Assessment

The Energy Whit e Paper ac know ledges tha t there are

uncertainties associated w ith achieving the carbon reduction

targe ts centra l to the UK ’s energy po l icy. This vie w is

reinforced by the House of Commons Select Committee

Report4 that stated: “There is no chance of achieving the

Governments targets for CO2 reductions if current policies and

market conditions remain in place.”

Our view of the risks is outlined below using a model of the

energy system now and in 2020.

2.1 A Model of the Energy System

The White Paper presents a scenario for the future energy

system, together w ith the associated target reductions in

carbon emissions, reproduced in Table 1, which total between

15MtC and 25MtC . The main components of the scenario

are: increased energy efficiency, substantially greater use of

renewable energy sources for electricity generation, increased

use of low carbon fuels and eventually carbon free energy

for transport and the use of trading permits as an incentive

to reduce carbon emissions. The projected scenario also

envisages an increased use of gas and a phasing out of nuclear

and coal for electricity generation.

Table 1. Specific Targets Against Different Categories

of Carbon Emission Sources

Category       Estimated MtC Reduction

Energy Efficiency in households 4-6

Energy Efficiency in industry, commerce 4-6
and the public sector

Transport: continuing voluntary 2-4
agreements on vehicles; use of
biofuels for road transport

Increasing renewables 3-5

EU Carbon Trading scheme 2-4

The model, summarised in Table 2, used to assess the risks is

based on the Energy White paper and on reports by the Royal

Commission on Environment Pollution2 and the Department

for Trade and Industry (D TI)5.

5
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increased use of fossil fuels, most likely to be Combined Cycle

Gas Turbine (C CGT) power stations which could increase

annual C O2 emissions by up to 7.3MtC i, ie between one third

and half of the planned savings.

In balancing out the demand and efficiency related

factors, we consider that there is considerable risk that

the electricity demand projected in the White Paper

will be exceeded. Such an increase would require

additional supplies from CCGT plants thereby placing

the carbon emission reduction targets at risk.

(b) Renewables

As ind ica t ed in Tab le 2, the Whit e Paper pro jects tha t

renewables w ill supply 10% of UK electricity in 2010 and

20% in 2020, w ith an assoc ia t ed capac ity requirement

inc r e a s ing from 10G We  t o 20G We .  Re cogn is ing the

uncertainty in these projections the White Paper proposes a

review of progress in 2005/06.  Furthermore, the White Paper

suggests that if we are to achieve a 60% reduction in carbon

emissions by 2050, the contribution from renewables could

increase to 30% to 40% of our electricity generation and

possibly more.

There are still significant questions to be addressed regarding

such a rapid expansion to large-scale use of renewables.

Established large scale generation technologies using fossil

and nuc le ar fue ls have w e l l understood costs and the

infrastructure required for their support is established. In

contrast renewable technology does not have an established

track record on a large industrial scale. Current information

implies that the cost of renewables generation may be very

high compared to costs for C CGT and modern nuclear plants.

The Royal Society Report on Economic Instruments for the

Reduction of C O2 Emissions6 suggests that electricity from

offshore w ind farms would cost around 6p/kWh, about three

times the current cost of electricity.

The impact of demands on grid infrastructure from adopting

major changes associated w ith these new technologies must

be carefully evaluated. Moreover the environmental impact

and publ ic percept ion of renewables on such a sca le is

uncertain. While the issues of noise pollution and visual impact

have been recognised, the impact on the biosphere is not

known and further research is needed. Any shortfall in the

projected supply from renewables w ill need to be offset by

additional C CGT capacity w ith an associated adverse impact

on carbon emission levels. For example a 5 percentage points

shortfall to the 20% target in 2020 would add 1.8MtC .

Taking all of the uncertainties, namely technological,

environmental and infrastructure (including back up

capacity) costs into account, we consider the risks are

very high of renewable energy generation not delivering

t he t a r ge t e d leve ls of powe r, again r esult ing in

associated threats to the carbon emission targets

through the increased need for electricity from CCGT

plants.

(c)  Fossil Fuels

The White Paper proposes that C CGT plants can meet the

balance of the electricity demand. Two figures for fossil fuel

supply in 2020 are shown in Table 2 representing upper and

lower bounds for the like ly demand. For the upper case

6

2002 365  - 83           4.7 (thermal) 270 365
          7.3 (other)

Case 1
2020 400 35 26 72 267 365

Case 2a
2020 438 73 26 72 267 365

Case 2b
2020 438 35 26 72 305 403

Table 2 Electricity Demand in T Wh

Year Total demand
without energy

savings

Assumed energy
saving in 2020

above 2002

N uclear Renewables Fossil Total including
energy saving

i This is based on the assumption that 1TWh of electricity from CCGT produces 0.1MtC
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(Appendix 2), the associated fossil fuel capacity is 56GWe in

2020 of which 46GWe will be by C CGT, requiring a substantial

increase in capacity from the present level of 22GWe. This

requires more than double the C CGT capacity to compensate

for the closure of coa l and oil fired power stat ions. Any

upward variation in demand forecasts or shortfalls in other

generation sources w ill add to this requirement.

In recognising the need for additional fossil fuel generation,

the White Paper supports continued investment in clean coal

technology and carbon sequestration (applicable to gas as well

as coa l) as insurance aga inst increased demand w ithout

increasing carbon emissions. However such technologies,

particularly sequestration, (w ithout which the continued use

of coal is not consistent w ith the carbon reduction targets),

are not established and the benefits they could deliver have

yet to be quantified. Furthermore, sequestration would be

expected to increase costs considerably; the Royal Society

Report on Economic Instruments for the Reduction of C O 2

Emissions6  suggests that sequestration of C O 2 would lead to

power costs of around 4p/kWh, i.e. more than doubling the

cost of power from such units.

It is clear therefore that the various uncer tainties

sur rounding t he cont inued use of fossil fuels for

electricity generation present significant risks to the

energy strategy set down in the White Paper.

(d) Economics and Security of Supply

The increased use of gas raises concerns about energy security

given that the dependence on imported gas, even on the basis

of the White Paper ’s projections, could reach 75% w ith a

majority coming from potentially sensitive regions such as

Algeria, Kazakhstan and Russia. Such dependence for supplies

of an essent ia l component of our energy resource w ith

associated uncertainties on prices clearly poses a further risk

that is not addressed in the White Paper. Moreover, there

are formidable technology challenges and associated costs of

adopting the major changes in the UK’s energy supply and

demand pattern. These inc lude costs for addit iona l gas

pipe lines, updat ing infrastructure to support renewable ,

intermittent generation that is localised and also infrastructure

to support fuel for new transportation systems.

Perhaps one of the greatest areas of uncerta inty is the

comparable cost of e lectr ic ity generat ion from different

technologies such as fossil, renewable and nuclear when all

the costs are included. These issues are not fully addressed

in the White Paper and there is a ne ed to have a cost

comparison that covers the total life cycle of each generation

technology as well as the overall environmental impact.

A substantial increase in the cost of power generation presents

an economic risk in that it would directly affect the UK’s

competitiveness and place a disproportionate burden on those

least able to afford it. The Royal Society6 estimates’ imply

that power from offshore w ind farms costs about 3 to 4 times

as much as that from C CGT units or modern nuclear plant.

Thus, based on the Royal Society estimates’, deriving power

from C CGT units having C O2 sequestration would present

less of an economic risk than using offshore w ind power.

However, the even greater use of C CGT units would further

exacerbate the problems of security of supply.

We consider that uncertainties in security of supply and

energy costs present a significant risk to the objective

of providing the UK’s population with sufficient energy

at an acceptable cost and also to the competitive

position of UK industry in international markets.

(e) Carbon Emission Reduct ions from Non-power

Generation Sources

The balance of the targets for C O2 emission savings associated

with UK energy consumption in Table 1 comes from transport.

The objectives for transport in the White Paper concentrate

on gre a t er fue l e ff ic iency, use of low-carbon fue ls and

ultimately carbon-free fuels. The move to different fuels w ill

requ ire  investment  in ene rgy t e chno logy, produc t ion

processes and in new infrastructure for energy supply. Again

economic incent ives w i l l be ne eded to encourage such

investment.

We support all of the objectives for changing the pattern of

energy use in transport and consider them achievable over

time and w ith the right economic environment. N evertheless

there remains much to do in the further development of the

technology such as on hydrogen fue l ce lls and advanced

batteries and the associated infrastructure requirements. Such

a potential move to the so-called hydrogen economy requires

carbon free electricity generation, to be consistent w ith the

objectives in the White Paper.

7
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We consider that these issues are not adequately

addressed in the White Paper and that they present

significant risks to the low carbon strategy particularly

over the short to medium term (to 2020).

2.3 Conclusion

The cumulative impact of the risks associated w ith the energy

strategy in the White Paper could easily lead to a shortfall

against the carbon targets of 25% or more. This reinforces

the need for an alternative means of delivering carbon free

energy that is economically competitive. We believe that, as

an established carbon free technology w ith a secure supply,

nuc le ar f ission can provide such an insurance stra t egy.

However to retain this option requires action now to maintain

the technological and skill base by pursuing a balanced energy

research and development programme. The requirements

for meeting this objective are considered in the remaining

sections of the report.

8
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3.  Maintaining Nuclear Power as
an Option

The White Paper recognises that nuclear power is currently

an important source of carbon free electricity, but states that

the current economics make it an unattractive option for new

generation capacity and there are important issues of nuclear

waste to be resolved. However, as discussed in Section 3.1,

the generation costs from modern nuclear power stations in

other countries are significantly lower than for the UK stations.

Moreover evolutionary and new designs under development

w ill achieve further reductions in electricity generation costs

which w ill be significantly lower than the costs projected for

renewables or coal w ith carbon sequestration. Modern plant

designs also produce much less radioactive waste of a type

that is easier to manage.

Thus we consider that the risks associated with nuclear

power are overstated in the White Paper. Moreover,

to maintain the nuclear option implied in the White

Paper requires more proactive action now so that in

three years time, when it is proposed to review progress

wit h ot he r for ms of car bon fr e e ene rgy, notably

renewables, both UK Government and industry are

better informed to make decisions about the future

for nuclear power.

3.1 International Perspective on Nuclear Power

Nuclear power accounts for about 17% of the total electricity

generated wor ldw ide7. Since commerc ia l nuc lear power

plants were f irst introduced in the 1960s, considerable

improvements have been made in design and operat ing

performance. Plant lifetimes are being extended, with 60 years

becoming accepted as the objective for Light Water Reactors

(LWRs). Nuclear power based on state of the art technology

could deliver electricity reliably and at a competitive price in

the UK (Appendix 3). A number of ma jor industr ia lised

countr ies, notab ly France , Japan, Korea and Russia are

committed to developing their nuclear power base further

by installing new plants. A review of the energy policies of

different countries is given in Appendix 4.

The United States of America, after an effective moratorium

on new build of 30 years, is actively considering restarting

her nuclear power programme in order to meet energy

requirements at a time when the issues of security of supply

and climate change are grow ing in importance. An important

lesson for the UK is that over this period the US maintained

an investment programme in nuclear technology funded from

bo th gove rnmen t  and indus t ry sour c e s .  Advanc e d

technologies related to the lifetime management and reliable

operation of ageing facilities have been tackled w ith support

from the US Department of Energy. This has yielded significant

dividends in terms of greatly improved performance and

economics (Figure 1) and laying the foundations for extending

plant operating lifetimes.

Emerging industrial countries, notably China and India, are

also making substantial investments in new nuclear plant as a

necessary contr ibut ion to me e t ing the ir energy grow th

requirements. These countr ies see nuc lear power as an

important factor in their continuing economic development

by providing a source of plentiful and affordable electricity.

Figure 1. Historical Performance of US N uclear

Plants.

Production (Operating +  Fuel) Cost is in p/kWh assuming
£1 = $1.6 in 2001$

Data source: Nuclear Energy Institute’s Industry Data D igest8.

US Load Factor and G enerat ing C apac ity data from US
Department of Energy Information Administration7. The inset
graph shows that the generating capacity almost doubled
between 1980 and 1988 and then remained roughly constant
at just below 100GWe, illustrating the increase in output is

due to improved operating efficiency.
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Against this background there is a substantial international

effort in deve loping new, improved reactor designs that

combine simplified and more robust safety protection systems

w ith easier construction and operation (Appendix 3). N ext

generation LWRs such as the advanced pressurised (AP) and

advanced boiling (AB) water reactor designs are a lready

undergoing a generic licensing process in the US. These

designs are based on incremental advances on existing designs

and thus (contrary to the impression given in the White Paper)

the risks of failing to meet build and performance targets are

correspond ing ly sma l l .  For the longer t erm , so-ca l led

Generation IV designs involving both water and gas cooled

t e chno logy w i l l  go fur the r in in t roduc ing innova t ive

developments aimed at improving safety and performance.

These advanced reactor deve lopment programmes are

international, involving many countries with significant national

programmes. There is a renewed and growing interest in H igh

Temperature Gas-cooled Reactors (HTRs) with the advantage

of inherent core safety character ist ics and much better

thermal efficiency. A particularly important development in

this area is the Pebble Bed Modular Reactor (PBMR), which

is being led by South Africa w ith UK industry support.

Government support for R&D to underpin nuclear power in

many countries is much greater than that in the UK, even in

countries such as Norway that does not operate nuclear

pow er st a t ions, or the N e ther lands which has a sma l l

programme, Figure 2. Moreover in the US, where there has

been a substantial decline in funding in recent decades, steps

are being taken w ith congressional support to increase the

investment in nuclear fission research substant ia lly to an

annual level of $240Mii.

Figure 2 UK Public Expenditure on Fission R&D

C o m pa r e d t o O t h e r  N a t ions (no t  includ ing

contributions to Euratom) ii, iii

Data averaged from Reference 9 and Reference 10 to account

for slight discrepancies

3.2 The Current UK Perspective

N uc l e ar pow er current ly prov ides about 23% o f our

electricity needs and also makes an important contribution

to meeting our greenhouse gas commitments under the Kyoto

convention. Much of this capacity is based on gas cooled

reactor technology developed some 50 years ago and the

early performance of some of the Advanced Gas-cooled

Reactors (AGRs) was particularly poor. But, consistent w ith

the US experience , significant investments in technology

enhancements in the 1970s and 80s resulted in considerable

improvements in performance over the last 10 to 15 years.

On present projections, however, the UK’s nuclear capacity

w ill decline substantially over the next 20 years and thus the

current benefit of zero carbon emissions will largely have been

lost.

There has been a sharp decline over the last 15 years in the

technical underpinning of our nuclear programme in terms

of both R&D and the renewal of skills. The funding from UK

industry for t e chno logy based R& D underp inn ing the

operation of the civil power plants amounted to £30M in 2001/

02. This level of funding is likely to decrease as the present

stations reach end-of-life.  Total government funding of fission

ii The US intends to increase expenditure to $240M as recommended by the US Nuclear Energy Research Advisory Committee (NERAC) in publication ‘Long term Nuclear
Research & Technology Plan’, June 2000. This proposed increase is not shown in Figure 2.
iii Data for South Korea based on 2001 expenditure with £16M direct from Government and over £63M from the ‘Nuclear R&D Endowment fund’. Further information available
on the South Korean Institute of Nuclear Safety at http://www.kins.re.kr/eng/databank_7.html
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nuclear R&D (leaving aside Ministry of Defence support for

the nuclear submarine programme) over the same period was

£5.7M iv, w ith the UK 's contribut ion of £4.5M to the EU

Framework programme largely spent in the Joint Research

C entres in other European countries whose programmes

have little relevance to current UK needs. The impact of this

low level of funding on the nuclear skills base was highlighted

in a recent D TI sponsored study11  that concluded that the

UK w ill need to increase substantially the number of trained

people over the next 10 years just to meet the needs of the

legacy waste management programme alone. Preparatory

work in support of a new nuclear construction programme

would add to this need, see Appendix 5.

3.3 A Work Programme for the N ext Three Years

The main requirements of a programme of work over the

next three years are summarised below, by which time it

would be appropriate for Government to complete its review

of the nuclear option for new build.

Provide Support for the Existing Nuclear Programme -

The existing nuclear power stations have a key role to play in

enabling the UK to meet its targets for carbon emission

reductions over the remainder of their lives. It is therefore

vital that their performance is optimised in terms of both

availability and lifetime. For example, premature closure of

any nuclear capacity could threaten the carbon reduction

targets through the increased use of fossil fuel sources to

ma k e up any shor t fa l l in e l e c tr ic i ty supp ly. C ont inued

investment in the underpinning technology w ill be required

to maintain reliable operation.

Maintain competence to select, license and operate new

reactor systems - An essential requirement in considering

new plant options for adoption in the UK, is an objective and

r igorous assessment of the key factors, inc luding safety,

environmental impact and economic performance. Moreover,

experience shows that any design we choose to adopt w ill

require some adaptat ion to meet our requirements, for

example on licensing and operating parameters. We therefore

must ensure that the necessary engineering and analytical skills

are in place to make an informed assessment of candidate

designs and to opera t e the p lants sa fe ly and e ff ic ient ly

thereafter. Failure to do so would carry substantial risks.

Keep abreast of international developments in the next

generations of nuclear technology reactors and fuel cycles

- In the event of a shortfall in meeting the carbon emission

targets and the consequent need to build new nuclear capacity,

cho ices must be based on best current techno logy that

combines robust safety and re liability w ith efficiency and

economic performance. It is therefore essential that the UK

maintains and strengthens its involvement in internationally

developed designs aimed at both short term and longer term

deployment such as systems that may emerge from the

Generation IV programme initiated in the USA. To access such

development programmes requires that the UK makes a real

t e chn i c a l contr ibut ion . Buy ing into such int erna t iona l

development programmes ensures that the UK w ill benefit

from substantial gearing on our R&D investment.

Maintain and develop competence in nuclear waste

management - A further important factor is the nuclear waste

accumulated over almost 60 years of activities supporting both

civil and defence applications. Whether or not there is a

requirement for new build of nuclear power stations, there

is a requirement to manage this nuclear waste liability safely

and cost effectively. While the present arrangements for waste

management are safe and secure, it is important to continue

to invest in the technology to improve safety further, reduce

costs and work towards implementing a long term strategy

for the eventual disposal of intermediate and higher level

waste. There is a major international effort in this area and it

is vital that the UK maintains an active involvement in these

international programmes, again benefiting from a gearing of

our R&D investment.

In conclusion, we consider that the present position in the

UK regarding the nuclear technology base and associated skills

levels is not consistent w ith sustaining reliable operation of

the existing nuclear stations while retaining the possibility of

building new stations in response to any shortfalls in meeting

the carbon reduction targets. While the nuclear industry has

a responsibility, which it is meeting, to make a significant

investment in these areas, this is not sufficient and it is vital

that Government also invests in nuclear technology as part

of its balanced energy R&D programme to underpin its energy

policy objectives.

11

iv This figure is derived from Reference 9 which shows £0.85M spent by Department for Environment and Rural Affairs (DEFRA), £0.35M spent by the Engineering and Physical
Sciences Research Council (EPSRC) and a contribution to Euratom programme of £4.5M. The Health and Safety Executive (HSE) Levy programme £1.2M is not included as this
is levied on industry and therefore funded by the private sector.
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4. Scope & Funding of the Proposed
Programme

4.1 Scope

It  is proposed tha t  a  t e chn i c a l and t e chno-e conom i c

programme be initiated on nuclear fission energy, covering

the four main areas identified in Section 3. In what follows,

outline technical activities are suggested for each area.

a) Providing Support for the Existing Nuclear Power

Generation Programme

The continued safe and reliable operation of the UK’s existing

nuc l e a r pow e r p l ants requ ire s the  re t ent ion o f core

capabilities in the key technical areas. Since the Magnox and

AGR reactor designs are unique in re lat ion to the world

populat ion of nuclear power reactors, this places special

demands on skills and experience. Although the Sizewell B

Pressurised Water Reactor (PWR) is similar in basic design to

the majority of the world’s reactors and can therefore benefit

from experience elsewhere, it is still necessary to maintain

an appropr i a t e  l eve l o f expe r t ise  to me e t  sa f e ty and

operational requirements.

The posit ion regard ing the thre e reactor types can be

summarised as follows:

Magnox Reactors - These are now approaching the end of

life and w ill be closed down w ithin the next 10 years. It

remains necessary to monitor plant behaviour and respond

to issues promptly to ensure that safety requirements are

met and plant availability is optimised during their remaining

l ives, consist ent w ith economic per formance . It is a lso

important to anticipate future decommissioning and waste

management requirements, and to deve lop operat iona l

proc edures tha t  w i l l reduc e  the  costs o f these  post-

operational stages.

Advanced Gas-cooled Reactors (AGRs) - These 7 power

stations have further operational lives of 8 to 20 years and

there is a greater incent ive to extend reactor lifet imes.

H o w eve r,  l i f e  e x t ens ion p l a c e s add i t iona l  t e chn i c a l

requirements on understanding the behaviour of life limiting

components, particularly if they are vital to safe operation.

Two key areas for AGRs are graphite moderator integrity and

boiler integrity.

Light Water Reactors (LWRs) - Although the UK currently

operates only one PWR at Sizewell B any decision to construct

new nuclear power plants w ithin the next 15 years or so w ill

probably be based on LWR technology. Moreover Sizewell B

is expected to operate until 2035 and if we follow international

trends as for example, in Japan and the US, this may extend

to 2055. The major benefits from having an internationally

adopted design are the well-established information exchange

networks reporting problems and sharing of development

programmes to improve opera t iona l e ff ic iency and l ife

extension.

Key Technical Areas

! Reactor core physics: A spec ific requirement is to

maintain and update physics codes to reflect new data on

core  behav iour and to t a k e  advant ag e  o f mode rn

computing methods. There is also the need to maintain

fuel performance and handling codes.

! Materials ageing: As plants get older they experience a

range of problems related to ageing of components and

materials. A specific issue for the UK’s gas cooled reactors

is degradation of the graphite moderator due to irradiation

damage and oxidation. International experience is showing

that degradation of core structural materials could be a

life limiting problem on LWRs.

! Radiation chemist ry: Considerable work has be en

done  on coo lant  chem istry contro l and e f f e c ts on

components in both AGR and LWRs. Radiolytic oxidation

of graphite is a particular issue for AGRs. In LWRs stress

corrosion cracking of both circuit and core structural

materials is the main issue.

! Inspection and plant condition monitoring: This is

a  k ey are a  for assur ing the  st ruc tura l int egr i ty o f

components such as reactor pressure vessels and circuit

components. Such assuranc e is requ ired for sa f e ty

justification as well as availability and life extension. Key

developments include greater precision in flaw detection

and a move to on-line monitoring of components.

The UK needs to retain core capabilities in all of these areas

for the cont inued operat ion of the UK’s exist ing nuclear
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power plants, including the naval submarine reactors. Such

capabilities w ill also be essential in the event of new plants

being introduced in the future. On the international stage

there are substantial collaborative programmes particularly

in support of LWRs and it is important that the UK is able to

obtain maximum benefits through participation in such joint

programmes.

Resources

While the prime responsibility for maintaining existing power

plants falls to the generating companies, it is appropriate for

gove rnmen t  to prov ide  some  suppor t  to r e f l e c t  the

achievement of national policy objectives. This is consistent

w ith the pract ice in our ma in industr ia l ised compe t itor

countries having nuclear power and w ith the Government’s

practice on fossil and renewable energy sources.

We suggest a programme of research on the topics outlined

above to underpin ex ist ing industry programmes would

require an additional minimum resource of around 35 people

w ith a cost of around £1.5M per annum (around £4.5M over

3 years).

b) M aintaining Competence to Select, License and

Operate New Reactor Systems

A decision to build new nuclear power plants in the UK would

require procurement from overseas vendors, although it is

expected that domestic companies would play a significant

part in the construction. As emphasised in Section 3 a rigorous

assessment w ill be required, particularly of the key factors

re levant to the U K regula tory and mark e t cond i t ions.

Validation of vendor performance specifications and safety

justifications supported by the regulator are key requirements

in reducing perceptions of risk and gaining both public and

investor confidence.

The main technical competencies required to conduct such

an assessment would include:

Socio-Economic Assessment - The White Paper raised the

economic performance of nuclear power as an issue.  It is

clear therefore that economics and competitiveness are key

issues in considering the future deployment of power sources

and a comprehensive independent economic study w ill be

essential.  Areas likely to be covered in such studies include

assessments of:

! Ability to meet energy policy targets of susta inable ,

economic power generation.

! Socio-economic and macro-economic benefits to local

regions and impacts on local communities.

! International comparisons of nuclear power economics

and relevance to UK

! Stakeholder involvement

! Public perception

Safety Analysis - Safety analysis is an essential part of the

licensing process, but is determined by national requirements.

Specific studies would be needed in order to ensure that new

systems meet the UK licensing requirements. It would be

more efficient if generic licensing were to be adopted for the

chosen system, as is being adopted in the US rather than

licensing on an individual plant basis, but this requires action

by the UK regulator.

Performance Assessment - Reactor vendors w ill generally

provide a performance specification. As a customer, the UK

would need to carry out the necessary analysis to validate

the vendor ’s claims.

Resources

There has been a significant decline in the UK in the analytical

and assessment skills base required for selecting and preparing

for construction of a new nuclear station. Based on experience

w ith previous assessments, the most recent being Sizewell

B, we estimate that a minimum base for keeping current

options under review under the above headings w ill require

around 50 people, costing approximately £2.5M per annum

(£7.5M over three years). In the event of a decision being

made to order new stations this team would have to be

significantly increased

c) Keeping Abreast of International Developments in the

Next Generations of Nuclear Reactor Systems

As emphas ised in S e c t ion 3 ,  to ob t a in a c c e ss to the

international collaborative projects on new reactor systems

it is necessary for the UK to offer real technical contributions.

The financial gearing benefits from such participation are

important, but equally vital is the experience gained from

direct participation in the design and associated technical

development work. Only through such involvement can we
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nuclear countries (nine in total including France, Canada and

Japan) w ith funding from their governments reflecting the

programme’s long-term strategic importance.  The EC has

also decided to contribute a small number of personnel from

its Euratom budget.

In the UK, the D TI has supported the Generation IV initiative

in principle from the beginning, but has left it to the UK’s

participating companies (BNFL, British Energy and N N C) to

fund their own involvement and find the resources. BNFL

have provided the majority to date. This is unsustainable going

forward , as the re turn and pay back from this type of

programme  l i e  out  w i th the  commerc i a l re turn from

companies and are the preserve of governments.

Generation IV is highly important to the UK to ensure access

to future energy options, whilst sharing the costs w ith the

international nuclear community and to give access to work

on advanc ed fue l cyc les which has re levanc e to wast e

management and clean-up. Skills and capability maintenance,

which are key benefits from the Generation IV programme

would be denied w ithout direct UK participation.

Range of skills

To be involved in these collaborations requires maintenance

of a modest domestic research programme in areas where

we can claim leadership or where the skills and know ledge

retention in the UK would be most valuable. For example:

! The long-term performance of mater ia ls for reactor

construction and nuclear fuel manufacture.

! Radiation chemistry relevant to reactor coolants.

! Reactor and nuclear physics.

! Thermal hydraulics.

! Engineering technologies re levant to nuclear reactor

component design and manufacture.

! Control, instrumentation and analysis.

! Advanced fuel cycle processes w ith relevance to legacy

waste and clean-up.

Resources

The UK contribution to participation in the above international

c o l l abor a t ion progr amme s w ou ld invo lve  abou t  50

professiona lly qua lified science and engineering staff and

university researchers at a cost of £5M per annum. This size

both influence the programmes towards meeting specific

nat iona l goa ls and benefit from innovat ions that may be

app l ic ab l e to today's syst ems . To me e t these na t iona l

objectives there is a need to move from the present ad hoc

position where resources to support UK involvement come

from individual companies w ith nuclear interests, to one

where Government plays a more direct role both in national

co-ordination and in providing financial support.

The ma in features of the internat iona l programmes are

summarised below.

M od u la r  Sys t e m s A vailab le  fo r  C o m m e r cial

Deployment 2010-2020

Pebble Bed Modular Reactor (PBMR) - Eskom, the

Industria l D eve lopment Corporat ion of South Africa and

BNFL, formed a partnership in 2000 to develop the PBMR.

The partnership anticipates that these reactors w ill be built

initially in South Africa and the United States for commercial

power generation. The modular design of PBMR aims to meet

tight economic targets for lifetime costs. It also has inherent

sa f e ty f e a ture s assoc i a t ed w i th the  core  de s ign ,  low

environmental impact and is able to be deployed in countries

that do not necessarily have the infrastructure required for

large scale nuclear systems.

International Reactor Innovative and Secure (IRIS) -

Westinghouse formed an international consortium of vendors,

energy companies, and universities in 1999 to develop the

IRIS reactor for deployment by about 2015. The countries

involved are Brazil, Italy, Japan, Mexico, Spain, the United

Kingdom, and the United States. IRIS is a novel light water

reactor design w ith a modular, integral primary system. The

objective of the design is to provide more robust protection

against severe core accidents together w ith high availability

and economic performance.

Advanced Systems Available Post-2020

Generation IV – This programme was launched in late 2000

by the US D epartment of Energy to ident ify, assess and

deve lop new nuc lear energy systems which could make

significant advances in sustainable energy development, safety,

reliability, waste management, proliferation resistance, and

economics. The programme is also supported by the main
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of R&D investment seems reasonable when compared to that

proposed to address legacy waste management (Section 4.1d).

d) Maintaining and Developing Competence in Nuclear

Waste Management

The UK Waste Legacy - has arisen from a variety of past

military and civil programmes dating back to the 1950s.  The

Magnox pro to type and c iv i l pow er re a c tors w ere no t

designed to minimise the waste volumes and they account

for some 85% of the existing nuclear waste liability in the

UK. An important factor is the instability of the fuel elements

in water storage ponds requiring them to be reprocessed.

The waste volumes from AGRs are less than for Magnox

stations, particularly because the fuel elements are stable and

the option exists for long term storage prior to eventual

disposal. However, the operational and decommissioning

waste is still significantly larger than LWRs because of the

lower power density and the need to deal w ith the graphite

fuel element sleeves and moderator.

Modern Light Water Reactors - produce much less waste

than the UK’s gas cooled reactors; approximately 90% less

than that from Magnox reactors.  Spent fuel from the Sizewell

B reactor and any likely type of new-build LWR reactors is

stable and can be stored wet or dry - probably for as long as

100 years. The main source of intermediate level waste is

the ion exchange resins used for coolant chemistry control.

Severa l nat ions have we ll-deve loped waste management

research and development programmes looking, eventually,

to direct deep geological disposal of spent fuel.  The R&D

need is therefore much less than for legacy wastes and should

be based on international collaboration.

Plutonium - Although the UK plutonium stock is currently

stored securely and safely under international safeguards,

there is strong international pressure to minimise the potential

proliferation and terrorist threats.  There are two routes for

reducing the UK stockpile; use it as a mixed oxide fuel in a

new PWR reactor or treat it as a waste.  France and Japan,

who only operate LWRs, have a well established policy of

reprocessing spent fuel and recycling as mixed oxide in their

power reactors and this opt ion is there fore potent ia l ly

available to the UK. The alternative approach is to regard

plutonium as a waste and immobilise it for eventual disposal,

for example by incorporating it into high level vitrified waste

for eventual deep disposal in rock formations. The UK can

benefit from participation in collaborative programmes on

both options.

The r e  is Europe an c o l l abor a t ion on inc ine r a t ion

(transmutation) in fast neutron systems of plutonium (CAPRA)

and minor actinides and long-lived fission products (CADRA).

BNFL lead the UK contributions (with AEA-T and N N C). This

programme allows the UK (through BNFL) to demonstrate

that it is addressing these concerns.

D ecommissioning Wast es – These compr ise re ac tor

components and large  vo lumes o f most ly very l ight ly

contaminated soils and construction materials

Key Technical Areas

Legacy Waste - A research programme aimed at improving

management of legacy wastes needs to cover:

! Improved procedures and approaches for the retrieval

of stored wastes.

! Better instrumentation and new handling techniques for

characterisation and separation of complex waste prior

to conditioning.

! N ew processes and waste forms for conditioning reactive

and mobile wastes to render them passively safe.

! Improved methods for packaging, long-term safe  storage

and ultimately disposal.

! D ischarge reduction from conditioning processes

! Environmental pathways, impact and risk assessment.

! Design and location of sub-surface facilities for storage

or disposal

! Socio-political issues relating to public attitudes to waste

and its disposal.

N ew Reactor Wastes - N ew reactors are likely to be built

to designs that are replicated in many different countries. The

development of technology for waste management can be

(and already is being) shared effectively. It seems likely that

long-term storage and direct disposal of spent fuel elements

rather than reprocessing w ill be the core strategy. It should

be  no t ed tha t  seve ra l e l ements o f the  Lega cy Wast e

Programme are relevant to new reactor wastes.
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We therefore consider that this programme should focus on:

! Invo lvement in internat iona l programmes by direct

participation.

! Long-term spent fue l storage in the context of UK

conditions.

! Spent fuel packaging for disposal.

Resources

For research and development work on the legacy waste

problem, the estimated technical resource is 200 people at

an annual cost of £10M.  Since the UK Government currently

spends £700M per annum on managing legacy wastes (a

r e spons ib i l i ty shor t ly to be  assumed by the  N uc l e a r

Decommissioning Agency, N DA), R&D expenditure of this

order is a sound investment.  The main objectives should be

a robust analysis of options to give assurance on the way

forward and significant overall cost reduction together w ith

an accelerated programme delivering greater safety sooner.

For waste management R&D work relevant to new reactors,

a deployment of around 20 people at an annual cost of £1M

would be appropriate. This work would allow government

to ma k e  a  judg emen t  on the  spe c i f i c  w ast e  d isposa l

implications of purchasing new reactor systems together w ith

participation in international programmes.

4.2 Skills

It is ant ic ipated that around 355 qua lified sc ient ists and

engineers, including economists and sociologists, would be

employed on the proposed programme outlined in Section

4.1.

Appendix 5 summarises the background to the skills crisis in

nuclear fission in the UK and shows approximately how the

additional qualified people needed for the programmes would

be deployed in the four requirement areas. This nucleus of

sk i l led peop le , inc lud ing ne w re cruits, could provide a

necessary founda t ion for start ing a new nuc lear f ission

programme if this is needed. In any event the majority of the

staff are required to maintain the existing systems and to deal

w ith decommissioning and waste disposal.

4.3 Programme Costs

The total cost of the proposed programme is summarised in

Table 3.

O f the £60M total programme over three years, £30M is a

continuation of money already being spent by industry on

waste management. Assuming that this is to continue, the

remainder of the programme requires £30M.  Excluding the

contribution to Euratom, the current public sector funding is

£1.2M per annum and it is assumed that this funding and

research programme could be re-directed to contribute to

the new programme.

We do not feel it appropriate for us to make recommendations

on the d iv is ion o f the sourc e o f the fund ing be t w e en

Government and industry but we do se e a ne ed for a

significant commitment from Government to ensure that the

programme takes place.  Recently, there have been some

positive indications of the interest in public funding of nuclear

R&D , such as the sustainable energy initiative (SUPERGEN)

by the Research Councils. This initiative is welcome, although
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Category    Annual Funding £M/y Manpower / Man years          Duration / years    Total over 3 years £M

Providing Support for Existing     1.5                                         35 3 4.5
 Nuclear Programme

Maintain competence  to     2.5                                         50 3 7.5
select license and operate
nuclear systems

Keeping abreast of       5                                          50                              3 initially 15
international developments
in next generation nuclear
ractors and fuel cycles

Maintain and develop      11                                        220                             Ongoing 33
competence in nuclear
waste management

Total     20                                      355 60

Table 3 Cost Summary of the Proposed  Programme.
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as noted by the House of Committee Science and Technology

Committee4 ‘The Research Council’s expenditure on energy

research has been pitiful and this investment [SUPERGEN] is a

step in the right direction. But it only remains a step, which we

hope will be followed up vigorously in the future. If UK technologies

are to succeed the scale of investment must increase rapidly.’

4.4 Comparison with Funding for O ther Carbon-Free

Sources in the UK

It is relevant to compare the additional resources proposed

here to the tota l UK Government spend ing on Energy

Research, Development and Deployment. We estimate that

in F inancial Year 2000/2001 the total spend amounted to

roughly £100M9. A breakdown of this spending into the

different areas is shown in Figure 3.

Figure 3 Total Annual Public Sector Funding for

Energy R&D in the UKV.

Data from Reference 9. Also shown is the proposed programme
of £14.5M per annum which is £4.5M for the UK contribution
to Euratom plus the proposed programme given in Table 3
less the industry funded nuc lear waste programme . N ote

industry / government funding split is not shown.

It can be seen that the largest share goes to renewables and

this area is set over the next few years to receive over £250M

as identified in the White Papervi. The other major component

is for fusion research of which a large proportion is the UK’s

contribution (£23.5M per annum) to the Euratom Fusion

programme9. The government expenditure on fission includes

a  £4 .5M pe r  annum con t r ibu t ion t o Europe  l e av ing

approximate ly £1.2M ava ilable for expenditure of direct

bene fit to the UK , this is not inc luded in the proposed

programme in Table 3. Against this background, the proposed

level of expenditure seems appropriate as an integral part of

a balanced energy R&D programme taking into account that

being spent on other forms of energy generation.
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v Renewable energy R&D budget is estimated at currently just over £40M comprising £16M EU contribution and for the domestic programme approximately £15M from the DTI,
approximately £6M from research councils, approximately £4M from DEFRA and the Carbon Trust with others contributing such as the Tyndall Centre and Building Research
Establishment contributing less than £1M. Further details in Reference 9.
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vi The White Paper states that a substantial renewables support programme worth £250M between 2002/03 and 2005/06 has been put in place and this will be further increased
by £60M. This is additional to the extra funding announced in the 2002 spending review which allocated an additional £38M for energy policy objectives in 2005/06 compared
to 2002/03. The White Paper also states that the Carbon Trust will be spending £75M over the next 3 years.
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5. Programme Implementation

C urr en t ly,  pub l i c  s e c t or fund ing o f  ene rgy pro j e c t s

encompassing R&D , including nuclear fission, is provided

through a number of government agencies: D TI, O ffice of

Science & Technology, DEFRA, Carbon Trust, Energy Savings

Trust and Tyndall Centre. In its response to the White Paper

the  House  o f C ommons Sc i enc e  & Te chno logy Se l e c t

Committee4 noted that, ‘Britain’s energy structures are too

complicated. As a result efforts to stimulate R&D are fragmented

and d ire c t ion l ess.  No pub l i c body or m in ister is ta k ing

responsibility for driving forward technological innovation and

deployment’. The Committee also advocated ‘Much bolder

act ion is needed to make non-carbon technologies play a

significant contribution to the UK’s energy mix.’

Consistent w ith the Select Committee’s findings, the Authors

be lieve that the formation of an Energy Authority would

ensure that a coherent strategy for the future of energy

technologies is provided with a single government department

having accountability and the funding to ensure de livery.

Whether or not this happens, a strategy for nuclear fission is

needed and we consider that a programme of work as

outlined in Section 4 should be implemented. As we ll as

providing national insurance against a possible future need

for additional nuclear power, it would also provide a clear

incentive for other stakeholders and particularly industry to

invest in nuclear technology.

We support the move announced in the White Paper to set

up a UK Energy Research Centre (UKERC) as recommended

by the Chief Scientific Adviser ’s H igh Level Group on Energy

Research Development and Demonstration. Such a Centre

should provide the focus for a more clearly defined and co-

ordinated energy development programme. Three Research

Councils (EPSRC , ESRC , and NERCvii) have been awarded

£28M under a programme entitled “ Towards a Sustainable

Energy Economy”, and have been tasked w ith establishing

the UKERC and an assoc iated ne twork l ink ing re levant

stakeholders. The UKERC w ill be a hub for providing a

national focus, and could also provide a focus for UK activity

in Europe. The Government expects this Centre to play a

key role in facilitating collaboration w ith industry and UK

participation in international projects.

W ith regard to nuclear fission R&D , it is vital that it is part of

a ba lanced nat iona l energy programme and it should be

included w ithin UKERC ’s remit. We envisage that UKERC

would need to be supported by Advisory Boards one of which

would oversee the nuclear programme defining the research,

commissioning it and ensuring it is properly delivered. It would

work c lose ly w ith a l l stakeho lders to ensure tha t the ir

requirements are being satisfied. The proposed arrangement

is shown schematically in Figure 4.

Figure 4. Proposed Relationship between UKERC

and O ther Stakeholders and a Nuclear Advisory

Board.
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vii EPSRC is the Engineering & Physical Sciences Research Council, ESRC is the Economic and Social Research Council and NERC is the Natural Environmental Research
Council
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6.Conclusions and
Recommendations

We recommend that the UK Government should build on

the outcome of the Energy White Paper and take action to

mitigate the risks associated w ith key areas of its strategy

related to realising the carbon emissions targets and ensuring

greater security of supply at competitive energy costs. The

only proven source of energy generation that mitigates all of

these risks is nuclear power. This requires active steps to

maintain the UK nuclear capability including keeping as viable,

the option for new build through investment in a modest

nuc lear programme , the core of which is nuc lear R&D .

W ithout such a programme there is a real risk that the option

would not be effectively available if and when needed.  The

programme would focus on the follow ing areas:

! Provide support to the current nuclear programme to

maximise the life of existing stations including work on

materials ageing, radiation chemistry, reactor physics and

plant instrumentation and monitoring.

! Maintain competence to select, license and operate new

reactor systems covering socio-economic analysis, safety

analysis and performance assessment.

! Keep abreast of international developments in the next

generation of nuclear reactors and fuel cycles through

collaboration including the Pebble Bed Modular Reactor

(PBMR), Internat iona l Reactor Innovat ive and Secure

(IRIS) and Generation IV.

! Ma inta in and deve lop competence in nuc lear waste

management , notably retr ieva l, discharge reduct ion,

environmental pathways and socio-political assessments

for legacy waste and long- term storage, packaging and

disposal for new build.

The research programme should aim at gaining leverage on

nuclear R&D through international collaborative ventures. It

is therefore important that the UK Government gives positive

commitment to its involvement.

The tota l cost is £20M per annum (and would invo lve

approx ima t e ly 355 peop l e) o f wh i ch £10M is a lre ady

committed to support legacy waste management w ith the

balance to be co-ordinated and cost-shared between the

publ ic and pr iva t e sector. Whi le the pr iva t e sector has

committed moderate funding to some of research topics

proposed here, many of the research areas are long term

and benefits lie beyond any norma l commercia l planning

horizons. As evidenced by other nations, sponsorship in the

proposed areas is normally the preserve of governments. This

new funding is considerably larger than the present public

sector funding of nuclear research in the UK of £1.2M. It is

recognised that part of the cost will be covered by cost sharing

w ith industry.

This programme should be performed as part of a national

strategy for nuclear energy and managed by the recently

announced UK Energy Research Centre. We recommend that

programme content be developed involving all appropriate

sta k eho lders from government , industry and academ ia

through a Nuclear Advisory Board that would be responsible

for determining the content of the nuclear programme and

review ing its progress.
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Appendix 1.
Members of the Fission R&D
Task Force

Chairman

D r Philip Ruffles CBE, FRS, FREng

Philip Ruffles was formerly a main board member of Rolls-

Royce plc from 1997 to 2001 responsible for Engineering and

Techno logy. H e is a non-execut ive D irector of Domino

Print ing Sciences plc and D iamond Light Source Ltd and

Council Member of the Central Laboratory Research Council.

H e has re c e ived many a wards and d ist inc t ions for h is

contribution to engineering including the Mac Robert Award

(1996) and the Prince Philip Medal (2001) from the Royal

Academy of Engineering and was awarded the CBE in 2001.

Members

Professor Michael Burdekin FRS, FREng

M ichae l Burde k in was Professor of C ivi l and Structura l

Engineering at UMIST from 1977 to 2002.  He is Chairman

of the Nuc lear Industr ies Technica l Advisory Group on

Struc tura l Int egr ity (TAGSI), and was a member o f its

predecessor, the Marshall LWR Study Group, from the early

1980s.  H e was D eputy Cha irman of the Management

Advisory Committee for the Inspection Validation C entre

operated by UKAEA for the Sizewell B reactor inspections.

He served as a member of AC TRAM on transportation of

radioactive materials and as an advisor to IAEA on the same

topic.  He has acted as a Consultant to MoD on aspects of

Nuclear Steam Raising Plant. He has received various medals

and awards from and given a number of prestige lectures to

Professional Institutions.

Professor Charles David Curtis.  BSc, PhD, FGS, CGeol,

O BE.

Char les Curt is was Professor of Geochemistry, H ead of

D epar tment  and Rese arch D e an in the  Un ive rs i ty o f

Manchester. Invo lvement w ith the nuc lear industry was

initiated by an invitation to join the Royal Society's working

party on the N irex Repository programme in 1993. He is

now Chairman of DEFRA's Radioactive Waste Management

Advisory Committee, RWMAC and a member of UKAEA's

Board Advisory Committee (H ea lth, Safety, Security and

Environment).  He has served as a NERC Council Member,

President of the Geological Society and is presently Research

Professor of Geochemistry in Manchester. He was awarded

the OBE in 2001 for services to environmental protection.

D r Brian Eyre - CBE, DSc, FRS, FREng

Brian Eyre was appointed as UKAEA Board Member in1987

w ith responsibility for the Authority's nuclear programmes.

He became Deputy Chairman in 1989 and Chief Executive of

UKAEA in 1990. He subsequently became Deputy Chairman

on the Board of AEA Technology follow ing privatisation in

1996 and remained as until retiring in 1997. Since retirement

he has been visiting professor in the Materials Department at

the University of Oxford and was Chairman of the Central

Council Laboratories of the Research Councils from 2000 to

2001. Brian Eyre was awarded the CBE in 1993, elected as

Fellow of the Royal Academy of Engineering in 1992 and as

Fellow of the Royal Society in 2001.

Professor Geoff Hewitt FRS FREng

Geoff  Hew itt spent most of his career in the nuclear industry,

working at the UKAEA Harwell Laboratory from 1957 to

1990. H e became Professor of Chemica l Engineer ing at

Imperial College, London (part time from 1985, full time from

1990, Emeritus from 1999). He has specialised in multiphase

flow and heat transfer w ith applications ranging from nuclear

re a c tors to proc ess he a t exchange , from hydrocarbon

recovery to multiphase flow metering. He continues to be

active in research in these areas and in energy and engineering

education policy. He was elected Fellow of the Royal Academy

of Engineering in 1985 and Fellow of the Royal Society in

1990. H e was President of the Inst itut ion of Chem ica l

Engineers in 1989/90.
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D r William Wilkinson - CBE, FRS, FREng

Dr W ilkinson read chemical engineering at Cambridge. After

a period w ith the UKAEA he became Professor of Chemical

Engineering at Bradford in 1967. He re-joined the nuclear

industry with British Nuclear Fuels in 1979. He was appointed

Engineering D irector in 1982 and elected to the Main Board

in 1984. H e was a D irector of Pacific Nuclear Transport

Limited, Urenco Ltd., BNFL Inc. and Allied colloids plc. He

has served on the Science Research Council, the Advisory

Council on Science and Technology and the Radioactive Waste

Management Advisory Committee. He is a Past President of

the Institution of Chemical Engineers. He was elected to the

Royal Academy of Engineering in 1980 and to the Royal Society

in 1990. He is currently a Consultant and a Visiting Professor

of Chemical Engineering at Imperial College.
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Appendix 2.
Energy Policy Risk Assessment

A2.1 Basis of risk assessment model

The assessment of risks in Section 2 is based on information

contained in the White Paper itself and on data in the D TI’s

D igest UK Energy Statistics (DUKES)12 for 2002, on the Report

of the Royal Commission on Environmental Pollution2 and

on the D TI Energy Forecast Paper EP685. It is necessary to

consider actual power delivered in relation to production of

C O2 and electrical generation capacity in relation to the ability

to meet peak power demands.

A2.2 Overall demand

The results of the model for electricity demand in 2020 based

on these figures are shown in Table A2.1, reproduced in

Section 2 as Table 2.

The figures for demand for 2002 have been taken from the

DTI’s D igest UK Energy Statistics (D UKES)5 for 2002 – Gross

Supplied Electricity, giving a final total consumption for the

year of 365T Wh. Any est imates for future demand are

inevitab ly subject to signif icant uncerta inty.  The Roya l

Commission on Environmenta l Pollut ion (RCEP) report2

states that annual energy consumption will rise between 0.5%

and 1% per annum in the absence of any improvement

measures. The D TI’s EP68 paper13 predicts primary energy

demand growth of 1% per annum up to 2010. Our model

covers two cases (1 and 2) for energy demand, be fore

e ffic iency savings, of 0.5% and 1% per annum grow th,

respectively. Based on DTI and RCEP figures w ithout counter

measures, the electricity demand would be likely to grow by

a factor of between from 1.1 to at least 1.2 from 365TWh in

2002 to between about 400 and at least 438TWh by 2020.

The Whit e Paper suggests tha t overa l l demand w i l l be

reduced, despite new demands, through energy efficiency

improvements.  In the Table , the figure for tota l energy

demand in 2020 is shown as the same as for 2002 assuming

that the White Paper forecast is just met. In both cases (Case

1 and 2a) we have back calculated the required efficiency

savings in order to keep the net energy demand constant in

line w ith the White Paper assumption. Case 2b also shows

the impact on the higher level of demand if only the lower

level (35TWh) of energy savings are realised.

A2.3 Generation Capacity

Indicative figures for electricity generating capacity are shown

in Table A2.2. For the whole of the UK, the installed capacity

on the grid for 2002 is given by D UKES12 as about 74.0GWe

excluding 6.0GWe off grid capacity. Based on an electricity

grow th predict ion of 1.1 to 1.2 and a l low ing for some

reduct ion in present over-capacity, the insta lled capacity

would have to remain roughly constant at about 74GWe. This

is consistent w ith the D TI’s EP68 Report5, which predicts

capacity in 2020 w ill be just over 70GWe.
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Table A2.1 Electricity Demand in T Wh

2002 365 - 83           4.7 (thermal) 270 365
          7.3 (other)

Case 1
2020 400 35 26 72 267 365

Case 2a
2020 438 73 26 72 267 365

Case 2b
2020 438 35 26 72 305 403

Year Total demand
without energy

savings

Assumed energy
saving in 2020

above 2002

N uclear Renewables Fossil Total including
energy saving
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The basic comments given above concerning e lectr ic ity

demand apply equally to generation capacity.  The reduction

in nuclear power capacity shown in Table A2.2 is based on

the known programme of plant closures.   For renewables,

the White Paper states that the 10% target for supply w ill

require 10GW of capacity by 2010 and sets an aspiration for

doubling this by 2020.  It has to be taken into account that

renewable power sources are generally intermittent in nature

and hence there is a need for alternative base load supply or

for some form of storage.

The EP68 report predicts that total fossil capacity w ill remain

roughly constant although coal w ill reduce to 10GWe and oil

w ill be phased out. The difference w ill be made up by gas

fired generation w ith a prediction in 2020 that gas w ill be

46GWe and coal 10GWe giving a total of 56GWe.  However

the White Paper implies a capacity of 20GWe for renewables

by 2020 w ith a consequent reduction in fossil fuel capacity.

Currently the UK has about 22GWe of C CGT and 35GWe of

conventional power supply capacity12 (made up of 25GWe

coal, 3GWe oil, and 7GWe mixed). The EP68 report assumes

in 2020 there w ill be no oil and only 10GWe of coal. On the

basis of the EP68 estimates for 2020, w ith a total capacity of

74GWe the fossil fuel capacity must be 56GWe. This w ill

require 46GWe of gas supply using C CGT.  W ith a current

C CGT capacity of 22GWe this would mean installing a further

24GWe of C CGT capacity by 2020.
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Table A2.2 Installed Capacity in GWe

Year    Nuclear Renewables      Fossil      O thers Total

2002 13   0.1 on grid 56 4 74
  0.9 generation
  off grid

2020 4   10  (EP68) 56 4 74

2020 4   20 (Implied by 46 4 74
  White Paper)
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Appendix 3.
Factors Relevant to New Nuclear
Power Reactors in the UK

This Appendix summarises the current position on nuclear

power technology together w ith likely developments, which

w ill be relevant if nuclear power is to become a future option

for deployment in the UK.

A3.1 Economics

Capital cost

Plant capital cost is the most significant cost that needs to be

addressed for nuclear power which currently accounts for

about 70% of the total generating cost of electricity. A key

factor in this is the interest charges because of the high rate

of return demanded for financing nuclear capital projects in

deregulated markets due the high perceived risks, notably:

! The long timescale for construction and the perceived risk

of project cost overruns.

! The risk of government interference and lack of coherent,

long-term government policy and reassurance.

! The perceived risk of technical problems which could

affect completion or subsequent performance.

! The availability of low risk energy investment options in

competition w ith nuclear, for example C CGT systems.

! The need to cover first time engineering and licensing costs

for the first of any innovative reactor design.

Thus prerequisites for re-establishing nuclear power as an

option of choice for electric utilities worldwide are a significant

reduction in capital cost together w ith a reduction in the cost

of capital.

Extensive development programmes are being carried out in

several countries where the key objective is to reduce capital

cost. To achieve such reductions, step changes are needed to

reduce complexity, mainly through reductions in the number

of individua l reactor components and sa fe ty protect ion

systems and also in the quantities of bulk materials needed

when compared w ith currently operating plants. Examples

of next generation of LWRs that have been derived from well

proven technology to achieve these aims include AP600/1000,

System 80 +  and ABWR. For example capital costs calculations

for AP1000, the Westinghouse advanced passive design which

builds on we ll proven Pressurised Water Reactor (PWR)

technology, have been developed using actual component,

material, and labour quotes to give a high degree of assurance.

Independent analysis of these costs by the Electrical Power

Research Institute (EPRI) in the US and also in the UK by

Rothschild has confirmed the validity of the cost calculations

for the building of a ser ies of reactors in the UK .  The

generation cost elements are presented in the following Table

A3.1.

Construction Schedules

Construction times in the past have been long and variable in

the UK and elsewhere. This has had a significant effect on the

perc e ived r isk in nuc l e ar pro je c ts and consequent ly a

detrimental effect on the economics of generation. However

significant improvements are now being made in construction

t e chn iques, ma in ly in the Far East . Kore a is current ly

constructing four reactors, Japan has three reactors under

construction and China currently has five. These countries

are all benefiting from series construction that helps to reduce

the  pro j e c t  s che du l ing r is k .  The s e  suc c e ssfu l  bu i ld

programmes have a number of features in common, notably;
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Table A3.1 Contributions to Total AP1000 Generation Costs

(in 2000 money value13)

Generation Cost Elements Contribution To Cost,  p /kWh

Capital Cost 0.425

Financing cost 1.025

Fuel 0.325

Operations and Maintenance 0.625

Spent fuel management 0.050

Decommissioning 0.050

Total 2.50

Assumptions: 40-year plant lifetime, 8% after tax discount
rate, and 90% plant availability
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! An indigenous operating organisation where intelligent

customer capability is maintained.

! Plants are built in a series based on a common design.

! Learning is maximised to achieve cost-effectiveness by

staggering the build programme (typically by 1 to 2 years

between each reactor).

In France the nuclear energy programme has also benefited

from committed series construction to spread first-of-a-kind

production cost and project schedule risk. At its peak in the

early eighties, the French nuclear industry was adding to the

grid an average of six 900 MW units per annum.

In the US the nuclear industry has se lected standardised

designs for detailed first-of-a-kind engineering studies. The

US programme jointly funded by industry and the Department

of Energy (DoE) has been completed which gives prospective

buyers firm information on construction costs and schedules.

The AP1000 has a projected site construction schedule of 36

months from first concrete to fuel loading. Such a schedule is

much shorter than previously experienced because of the

reduct ions in bulk ma t er ia ls, components, and bui lding

volumes.  In addition, extensive use of factory-built modules

facilitates reduction in project schedule and reduces the risk

of over runs.

Licensing

Licensing creates potential uncertainties in timescale and cost

of building and operating nuclear plants and therefore presents

additional risk to investors, vendors and operators. This has

been a particularly significant issue for the UK and follow ing

the time (10 years) and cost (£30M) it took to satisfy planning

and licensing requirements for Sizewell B there has been a

significant barrier to new nuclear build.

In the US the approach to licensing has evolved to a very

different position from that in the UK. A generic certification

system is now in place and is being applied to the new next

generation designs. This approach is the result of an extensive

public process regarding licensing which means that provided

safety issues w ithin the scope of a certified design have been

fully resolved, the design w ill not be open to legal challenge

during the licensing process for particular plants. U tilities w ill

be able to obtain a single licence to both construct and operate

a reactor before construction begins. This generic licensing

approach greatly simplifies the process and this helps greatly

to reduce the risk and uncertainty associated w ith separate

costly public inquiries for each new build site.

A3.2 Safety

Advanc ed nex t genera t ion re a c tors are improv ing the

robustness of safety protection by moving to passive systems

that use only forces, such as gravity, natural circulation and

compressed gas to shut down the reactor if the need arises.

This removes the need for the active intervention of pumps,

fans, diesel generators or other machinery in loss of coolant

events. A further advance w ill come from moving to reactor

core designs that have inherently safe shutdown properties

in the event of core events such as loss of coolant and control

rod operation.  The Pebble Bed Modular Reactor (PBMR) is

an example of an inherently safe design.

A3.3 Waste Management

Waste Management for a new nuclear power programme

Modern PWRs generate about a tenth of the waste per unit

o f pow er genera t ed compared w ith Magnox re a c tors.

Furthermore, all LWRs use stable fuel consisting of a uranium

ceramic oxide clad in zirconium which is inherently much

more stable than the magnesium alloy clad uranium metal

fuel used in Magnox reactors.

Wastes from any new build PWR reactor programme in the

U K wou ld be  hand l ed ve ry d i f f e r en t ly from h is tor i c

programmes. Because of its stability there is no requirement

to reprocess the spent fuel. It can be safely stored in a simple

and well-understood manner using ponds or dry cask facilities.

These facilities can be located at a reactor site, or in a central

location w ith storage depots above or below ground. The

fuel can be stored for over 100 years in this form w ithout the

need for intervention

Waste disposal

Whilst many countries are pursuing interim storage, there is

w ide  int e rna t iona l agre ement  amongst  sc i ent ists and

engineers that eventual geological disposal offers the best safe

long-term solution for nuclear wastes and some countries

have  a lre ady made  s ign i f ic ant progress in est ab l ish ing

permanent geological disposal sites. In Sweden, Finland and

the US, concepts have moved from the research and design

phase to actual construction. All designs have in common the

goal of stable, passively safe storage of fuel for an indefinite

amount of time. In some cases fuel w ill be encapsulated prior
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to disposal, in others it w ill be simply placed in an over-pack.

Whichever process has been selected these have been agreed

internationally as acceptable disposal routes and containment

of the wastes w ith insignificant environmenta l impact is

predicted for tens of thousands of years.

As far as the UK is concerned we agree w ith the position

st a t ed in the D EFRA consult a t ion document on wast e

management:

The first requisite for success is to gain public trust in the science

and technology of the disposal concept. Thereafter follows the

problem of public agreement on site selection. Consultation is

again of paramount importance, as is the recognition of the service

being provided by the local community. In order to make progress

in defining a long-term waste management policy acceptable to

the public, the Government has launched a major consultation

process (“Managing Radioactive Waste Safely ”, DEFRA 2000).
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Appendix 4.
Energy Policies in O ther Countries
Relating to Nuclear and Renewable
Technologies

A4.1 US Energy Policy

Even though the United States has the largest number of

operating nuclear reactors (109) delivering the largest capacity

(100GWe) in the wor ld, the research and deve lopment

underpinning the cont inued deve lopment of this energy

source has been reducing for over a decade.  It is only recently

that US Government has reversed this trend recognising the

importance of nuclear technology. Funding for nuclear fission

has dropped significantly in the US from a peak of $2500M

(2001mv) per annum in 1979 to a low of $21M (2001mv) per

annum in 199810, excluding $350M on the civilian high-level

rad ioa c t ive w ast e programme , and the env ironment a l

management clean-up programme. Recently however, the

situation has now been reversed and funding is starting to

increase again.

In FY1999, the D epartment of Energy was able to w in

Congressional support to begin a modest programme ($19M)

to explore the design of the next generation of nuclear power

plants. The DoE hopes that this funding level w ill increase to

become a significant programme. Specific programmes in the

US addressing future nuc lear energy deve lopments are

Nuclear Energy Plant Optimisation (NEPO), Nuclear Energy

Research Initiative (NERI) and Nuclear Energy Technologies

(NET). Under the NET programmes comes NP2010 and

Generation IV.  A brief outline of the programme is given

below;

NEPO – Nuclear Energy Plant Optimisation programme, is

aimed as improving plant reliability, availability and productivity

as well as enabling current plants to operate up to and beyond

the ir init ia l license per iod.  Some of the benefits of this

programme are highlighted in Section 3.

N ERI – N uc l e ar Energy Rese arch In i t ia t ive , is a jo int

programme between industry, universities and national labs

looking at nuclear energy technology such as new reactor

designs, improved safety etc. International NERI agreements

have been signed w ith South Korea and France and are now

focussing on establishing agreements w ith Japan and South

Africa.

Nuclear Power 2010 – Is an initiative aimed at government

work ing w ith industry to he lp improve the licensing and

regulatory requirements associated w ith constructing a new

nuclear plant around the 2010 timeframe

Generation IV – Is aimed at developing, in close co-operation

w ith international partners, next generation nuclear energy

systems, which represent significant improvements in a ll

aspects of nuclear power technology.

In 1998, the DoE established the Nuclear Energy Research

Advisory Committee (NERAC) to provide advice to the DoE

on nuc l e a r  t e chno logy progr amme s .  The  N ERA C

recommended development of a long-range R&D programme

focusing on developments required over the next 10 to 20

years w ith a significant increase in the proposed R&D funding.

There are proposals that US w ill need an additional 50GWe

of nuclear capacity over the next 2 decades.

For renewables, in the AEO2003 reference case14,15, despite

improvements and incentives, grid-connected generators that

use, renewable resources  are projected to remain minor

contributors to US electricity supply. They are forecasted to

increase from 298TWh in 2001 (8.0 % of total generation)

to 495TWh in 2025 (8.5 % of generation).

A4.2 Japanese Energy Policy

Nuclear R&D funding in Japan is significant and accounts for

86% of government investment in energy R&D . Typically

funding for fission reactor systems R&D is around £350M

inc lud ing Light Wa t er, Fast Bre eder re ac tors and H igh

Temperature gas-cooled reactors10. Funding for R&D for

supporting fuel cycle infrastructure is typically £1100M. Japan

is committed to keeping nuclear central to its e lectricity

generating policy w ith the expectation of 9 to 12 new plants

operating by 2010.
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Japan’s total energy needs fulfilled by renewables are projected

to be , for the re ference scenar io , 5.1% by 2020.  The

percentage of e lectricity generated by renewables in the

reference scenario is 9% by 202016. To meet its Kyoto target,

only 3% of total energy must be from renewables by 2010

due to high nuclear generation capacity.

A4.3 French Energy policy

In France the nuc lear sector accounts for over 90% of

government financed energy R&D . In 2000 spending on

nuclear fission R&D totalled £340M10 w ith the main topics

being current and advanced reactors, nuclear fuel cycle and

nuclear safety related work. France has a co-ordinated and

long-term advanced reactor programme which includes Light

Water Reactors, Gas Cooled Reactors, Liquid Metal Fast

Reactors and Molten Salt Reactors. The programme includes

collaborative agreements w ith US, EU , Japanese and Russian

governments.

France is taking part in the European init iat ive “ Take off

campaign” for renewable energy sources, launched recently

by the European Commission. France is also committed to

reach the 21% level of renewables by 2010 (w ithin the frame

of the future European D irect ive on renewables on the

electricity market)17.

A4.4 South Korean Energy Policy

South Korea uses a combination of thermal (oil, gas, and coal),

nuclear, and hydroelectric capacity to meet its demand for

electric power. Total power generation capacity was 50GW

as of the beginning of 2000. The South Korean government

estimated in May 2002 that its electricity demand w ill rise at

an average annual rate of 3.4% per annum through 201518.

The programme a ims to deve lop so lar therma l energy,

photovoltaic power, fuel cells, etc., in order to increase the

percentage of renewable energy in its total energy mix from

0.6% in the mid-1990s to 2.0% in 2006.

Under the Kyoto Protocol, South Korea is not required to

accept greenhouse gas emissions targets. N evertheless South

Korea  believes that increasing its nuclear capacity over the

next 15 years w i l l contr ibut e to a reduct ion in carbon

emissions.

In South Korea government spending on nuclear fission R&D

increased significantly in 1995 although this subsequently

reduced follow ing the economic downturn in 1997. In the

late 1990s funding was £23M spl it approx imate ly 50:50

between fission and fusion. The fission R&D budget accounted

for approximately 13% of total energy R&D in South Korea.

However the government has ambitious plans for nuclear

energy R&D w ith a planned £3.4bn to be invested through to

2010 w ith £1bn to be generated from the government’s

nuclear R&D fund, which is a levy from nuclear generation of

1.2won per kWh.

A4.5 Swedish Energy Policy

The Swedish 2002 energy policy19 states:

! Encourage the produc t ion o f e l e c tr ic i ty from low

environmental impact and renewable sources, by means

of a system based on the issue and trading of certificates

determined by the source of electricity.

! To examine if it would be appropr ia t e to reach an

agreement for the controlled, responsible phasing out

of nuclear power production.

! To reduce the emissions of greenhouse gases by 2 0 1 0

to be at least 4% lower than they were in 1990.

! To restructure taxat ion on energy to ra ise taxes on

environmentally undesirable activities.

The use of renewables in Sweden accounted for 26% of the

primary energy supply in 1998, one of the highest rates in

the European Union20. The main renewable contributions

come from hydropower and biomass. In 1998, electricity from

hydropower amount ed to 76T Wh. This is 48% of the

country ’s electricity production. During 1998, use of bio-fuels,

peat etc. amounted to 92TWh. Bio-fuels now meet more

than 50% of the supply to the district heating grids.

Recent cold w inter weather follow ing a dry summer in 2002

has strained capacity and raised electricity bills in the Nordic

region. Spot prices on the Nordic power bourse Nord Pool

hit record highs in December 2002 w ith prices of 544.34

Norwegian crowns per megawatt hour, almost five times the

May 2002 average and almost three times the average for

December 2001. This has caused some manufacturing to halt

or slow production.
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This energy crisis comes at a time when Sweden is enacting

law to shutdown its nuclear stations follow ing a 1980 Swedish

re ferendum a imed at replac ing nuc lear w ith renewable

generation. The 600MWe Barseback-2  nuclear station is due

to close by the end of 2003, although the government has

proposed a new set of measures to the parliament over the

future of the reactor, after admitting that conditions necessary

for enforcing the unit's closure before the end of 2003 'cannot

be met'. The new measures also call for the Barseback-2

closure issue to be included in general discussions about a

nuclear phase-out21.

A4.6 German Energy Policy

Germany has relatively insignificant domestic energy sources

and is heavily import-reliant to meet its energy needs. In 1999

electricity generation comprised coal  47% ,  nuclear power

30% , natural gas 14% , renewable sources (including hydro)

6% , and oil 2%22. However, oil accounted for 41% of total

energy  consumption.

Energy po l icy in G ermany is inf luenc ed he avi ly by EU

regulations. The EU requires privatisation and competition

in member countries’ energy markets, and Germany has been

a leader in developing competitive energy markets.

Follow ing reunification of the country in 1990, the major task

of German energy policy was to merge successfully the

radically different energy sectors of the East and West. West

Germany had a diversified and mainly privately-owned system

of energy supply w ith a high standard of energy efficiency

and a commitment to environmental protection. In contrast,

East G ermany ’s energy se c tor w as h igh ly c entra l ised ,

predominant ly state-owned, and ma inly dependent upon

relatively “dirty” lignite (brown coal) as its primary fuel. To

date, a great deal of progress has been made in conforming

the former East Germany ’s energy sector to the standards of

the West in the areas of privat isat ion and environmenta l

regulation.

The German Government has made climate protection one

of its key policy issues. A 25 % carbon dioxide reduction

target by the year 2005 compared to 1990 levels has been

announced23. In 1998 the use of renewables in Germany

reached 284PJ of primary energy demand, which corresponds

to a penetrat ion rate of 2% of the tota l primary energy

demand or 5% of the total electricity demand. By 2010 the
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German Government wants to double the contribution of

renewable energies to the total energy demand.

A4.7 Swiss Energy Policy

In Sw itzerland about 40% of the country's electricity comes

from nuclear power and 60% from hydro. This section does

not cover the Swiss energy policy in detail, but highlights some

recent developments concerning nuclear power.

The Sw iss parliament has accepted a proposed new law

providing for the nuclear option to be 'kept open', ahead of

two anti-nuclear initiatives considered in a referendum on

18 May 2003.

The outcome of the referendum is that Sw iss voters have

rejected two anti-nuclear proposals which were originally put

forward in 1998. "Electricity w ithout Nuclear" was overtly to

phase out nuclear power by 2014, while "Moratorium Plus"

would have led to a similar outcome by removing incentives

to invest in and upgrade nuclear plant. Two thirds of voters

rejected the first proposal and 58% rejected the second, with

practically all Cantons refusing both.

A4.8 Belgian Energy Policy

Be lgium's nuclear phase-out law may be revoked by the

incoming government after the defeat of the country's Green

parties in general elections on 18 May 2003. The country's

nuclear phase-out legislation, originally agreed in July 1999

by the libera l-led government and its coa lit ion partners

including the Green party, calls for each of Belgium's seven

reactors to close after 40 years of operation w ith no new

reactors built subsequently. However, as the law was being

passed, many members of parliament including some from

the main government parties were promising they would vote

its revocation as soon as a government w ithout the Greens

was in power.
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Appendix 5.
Nuclear Skill Base and Expertise in
the UK

A5.1 Current Situation

The UK nuclear skills base and research infrastructure have

been in steep decline over the past few decades. H istorically,

the UK has a wealth of valuable experience in the design,

construct ion, l icensing, commissioning and operat ion of

nuclear plant. Much of this experience resides in individual

people, many of who are in the later stages of their careers.

W ithout action the UK is in danger is of being unable to retain

the skills and capabilities needed to ensure the nuclear option

is available. This point is reinforced by a recently issued paper

by the House of Commons Science and Technology Select

Committee entitled ‘Towards a Low-Carbon Fuel Economy ’4

that states ‘It is hard to imagine the nuclear skills situation

improving, since the White Paper has all but ruled out new nuclear

build. Even with no new build, nuclear engineers will be needed

for many years to come to deal with decommissioning and storage

but few graduates will be inspired to join an industry in its death

throes’

A5.2 B NFL University Research Alliances

In an attempt to reverse the downward trend, in 1997 BNFL

embarked on a strategy of establishing University Research

Alliances  (URAs) w ith the aim of underpinning key areas of

nuclear technology in the UK. To date four URAs have been

e st ab l ished in Rad iochem ist ry (Manche st e r) ,  Pa r t i c l e

Technology (Leeds), Immobilisation (Sheffield) and Materials

(UMIST). In total these alliances w ill undertake £40M worth

of R&D and support a sk ill base of about 140 university

researchers over the next 5 years. All the new centres have

new, permanent staff appointments, including 4 professors.

These centres serve a number of purposes, such as:

! Conducting fundamental research to support current

operations that are outside the R&D remit of industry.

! Developing innovative solutions for the future.

! Raising the profile of nuclear technology in universities.

! Helping to maintain the supply chain of technical people

required by the industry.

These a lliances are a lready we ll posit ioned to carry out

research in the technology areas that cross-cut a number of

aspects of nuclear technology. In addition to the URAs, there

are a number of universities currently providing post-graduate

teaching in nuclear technology such as Birmingham w ith MSc

courses in the Physics and Technology of Nuclear Reactors

and Radioactive Waste Management and a proposed MSc

course at Manchester in nuclear technology. Funding from

the Research Councils and the O ffice of Science & Technology

in support of these courses is low and as a result universities

such as B irm ingham and Manchest er have resor t ed to

innovative partnerships involving industry in order to fund

such courses.

A5.3 Specific Skill N eeds

While an excellent start has been made by BNFL in establishing

the URAs more ne eds to be done to suppor t nuc le ar

technology and encourage regeneration of skills needed to

keep present facilities operational and maintain the option of

assessing and deploying future nuclear systems. Such skills

require hands-on familiarity w ith plant, which can take a

number of years to gain given the nature of working safely

on complex plant to strict license conditions.

An estimate of the numbers of staff, which might be necessary,

by skill type is given in Table A5.1 for each of the four general

areas for the research programme proposed in Section 4.

The overall total amounts to 355 qualified and experienced

people.



An Essential Program
m

e to U
nderpin

G
overnm

ent Policy on N
uclear Pow

er
31

Radiation chemistry
Graphite chemistry
Corrosion chemistry
Radiation damage
Fuel technology
Fracture mechanics
Chemical engineering
(separation technology)

Remote inspection
Safety & risk assessment
Thermal hydraulics
Control & instrumentation
Nuclear physics
Health physics
Geology
Environmental impact
assessment
Social science
Economics

Chemistry

Materials

Engineering

Physics

Earth
Sciences

Socio-
Economics

Skills
Main
skill area

Keeping abreast
of international
developments

Competence in
nuclear waste management

New wasteLegacy waste

Supporting
existing nuclear

programme

Competence to
select, license &

operate new systems

Total

Total skills

4 3 3 20 2 32

3 35 38

35 50 50 200 20 355

3 2 5
4 2 2 20 2 30
3 5 2 2 2 14

2 4 3 30 2 41

3 5 3 2 13
4 2 3 9

3 2 3 25 2 35
3 7 5 10 3 28

5 4 5 14
3 4 7

4 4 5 2 15
2 3 2 10 2 19

30 3 33

2 3 4 1 10
3 3 5 1 12

Table 5.1 Summary of Skills Requirements
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