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Key facts

£1.1bn £5.9bn 56

total capital expenditure on the total amount BIS National Audit Office estimate
science by the Department for  announced it plans to spend of the number of major
Business, Innovation & Skills on major science projects science projects that BIS has

(BIS) in 2014-15

between 2016 and 2021 committed to fund since 2007

£3.2 billion
£500 million
15

National Audit Office estimate of the amount BIS has spent or

has committed to spend on 56 major science projects since 2007.
This does not include capital funding allocated by higher education
funding bodies to universities. For the purposes of our report,

we defined major projects as those with a capital cost greater
than £2 million.

allocated by Higher Education Funding Council for England (HEFCE)
to universities through its UK Research Partnership Investment Fund
since 2012. This fund is designed to support investment in higher
education research facilities.

number of new projects that BIS selected following its capital
consultation in 2014 (subject to business case approval).
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Summary

1 The government invests in science to support economic growth, improve
national productivity and help the UK take the lead in new markets. The Department
for Business, Innovation & Skills (BIS) has overall responsibility for the government’s
spending on science, technology and engineering. It also provides funding for a wide
range of scientific disciplines and industry sectors with the aim of developing and
maintaining the UK’s science and research capability.

2 In2014-15, BIS allocated £1.1 billion of capital funding to science (Figure 1).

This covered its expenditure on major national projects such as oceanographic
research ships, supercomputers and research institutes, capital funding for large
national research facilities such as particle accelerators, and the UK’s participation

in international programmes such as the European Space Agency. It also covered
capital funding allocated by the Higher Education Funding Council for England (HEFCE)
for laboratories and research facilities in universities.

Figure 1
BIS’s capital funding of science (2014-15)
{ BIS’s capital funding of science (2014-15) £1.1 billion? }
e N e A
Science capital funding for 7 research councils and the Science capital funding for the Higher Education Funding
UK Space Agency (£756m) Council for England (£287m)
J N J
s s s N N s s
Projects Research International Large UK Research Partnership Other capital grants for
(£427m) councils and subscriptions national Investment Fund (£160m) universities (£127m)
UK Space (£28m) facilities
Agency core (£23m)
capital budget2
(£278m)
N / / AN J N J J
Notes

1 Department for Business, Innovation & Skills’s capital funding of science also includes £15 million funding allocated to higher education funding bodies
in Scotland, Wales and Northern Ireland, totalling £1.058 billion (rounds to £1.1 billion).

2  The research councils’ core budget covers expenditure on minor projects or upgrades, capital grants and the research councils’ estates expenditure.

Source: National Audit Office
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3 In December 2014 BIS announced plans for a further £5.9 billion of capital
expenditure on science between 2016 and 2021. This included £800 million for new
projects, more than £1.2 billion for ongoing national and international projects and a
£900 million fund to respond to new challenges as they emerge. It also included plans
to spend around £3 billion on the underlying laboratory infrastructure in universities or
research institutes. The 2015 Spending Review confirmed this level of future funding.
Under the Haldane principle, the government does not take decisions on whether to
fund specific projects or individual research proposals. However, ministers have the
final say in decisions that involve large-scale, long-term commitments such as the
construction of large research facilities.

4  We last reported on the government’s spending on large science facilities in 2007
The report was generally positive about BIS’s delivery of a significant capital programme
and how it and the research councils had set about prioritising project proposals. Our
report did, however, raise concerns about how BIS assessed the ongoing costs of
projects and the impact of meeting those costs on the balance of activities funded by
the research councils. We also concluded that BIS needed to give more attention to
specifying from the start how to assess and measure the success of individual projects.

5  Areport published in 2013 by the House of Lords Science and Technology
Committee? raised concerns that the cost of running large-scale infrastructure had not
been budgeted for. It also concluded that the potential of the UK'’s large-scale scientific
resources is being compromised by the lack of a long-term strategic investment plan.
In response, BIS launched a public consultation in 2014 to identify strategic priorities
for science investment.

6  Reports published in 2015 by the House of Commons Science and Technology
Committee and by Sir Paul Nurse acknowledged that the UK research base is
world-leading, producing excellent research in a competitive system.®4 However, they
also emphasised the importance of ensuring capital investments are accompanied
by sufficient resource funding. Between 2010 and 2014, science resource funding fell
in real terms. The 2015 Spending Review committed to maintain science resource at
£4.7 billion in real terms up to 2021.

1 Comptroller and Auditor General, Big Science: Public investment in large scientific facilities, Session 2006-07, HC 153,
National Audit Office, January 2007.

2 House of Lords Select Committee on Science & Technology, Scientific Infrastructure, 2013.

3 House of Commons Select Committee on Science & Technology, The science budget, 2015.

4 Sir Paul Nurse, A review of the UK research councils, Ensuring a successful UK science endeavour, November 2015.



BIS’s capital investment in science projects Summary 7

Scope and approach

7  This report covers BIS'’s investment in large facilities and other national and
international capital projects managed by the research councils, and capital projects
managed by HEFCE through its UK Research Partnership Investment Fund (UKRPIF).
Together, spending on these projects totalled £638 million in 2014-15, more than half of
BIS’s total capital expenditure on science. The remaining capital funding, not examined
in this report, comprises funding allocated to smaller projects by the research councils
and the funding HEFCE allocates directly to universities for smaller research facilities.

8 The report examines whether BIS has robust arrangements in place to select

the projects most likely to add value; whether it has adequate information on project
performance once projects are operational; and how BIS evaluates whether projects
are delivering benefits. Part One covers the government’s plans for investing in capital
science projects, Part Two focuses on how BIS has decided its capital spending
priorities and Part Three examines BIS’s assessment of the performance and impact
of operational projects. The merits of the scientific case underpinning these projects do
not form part of this report.

9  Full details of our scope and audit approach are set out in Appendices One
and Two. Appendix Three lists all capital projects we identified as being within the
report scope.

Key findings

Deciding capital spending priorities

10 BIS has carried out a partial assessment of the state of UK science
infrastructure but a broader assessment would provide BIS with consolidated
information to inform its decisions on spending priorities. BIS consulted with the
research community to determine how much to invest in major projects and how much
to spend on underlying laboratory infrastructure. HEFCE’s assessment of the condition
of infrastructure in the higher education sector helped inform understanding about

the scale of investment needed, and some of the research councils have assessed

the condition of the facilities they fund. But BIS had not carried out or commissioned

a broader assessment of the extent that facilities funded by BIS or other government
departments, or international facilities, meet the UK’s needs (paragraphs 2.2 to 2.4).
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11 Since 2010, processes for sifting project proposals to identify investment
priorities have not been supported by good information:

e  Prior to 2014 BIS did not have a plan for prioritising its capital investment in
science projects. Because the 2010 Spending Review resulted in a significant
reduction in funding for new science capital projects, the research councils did
not, after 2010, continue their well-established exercise to recommend projects
for funding. Instead, they developed a strategic framework which set out priorities
for investment in science but did not identify specific projects for funding. When
extra funding did become available, usually at short notice, BIS had to quickly
identify projects where funding could begin to be spent but did not have a plan
to help it prioritise projects in a structured way. These proposals were subject to
business case approval (assessed in paragraph 12 below) (paragraphs 2.5 to 2.7,
2.21 t0 2.23).

e In 2014 BIS undertook a prioritisation exercise that identified 15 new
projects involving capital expenditure of £800 million up to 2021. However,
there were weaknesses in how it prioritised projects. BIS carried out a public
consultation with the research community and agreed the criteria it would use to
prioritise projects, but did not specify the information it needed from respondents.
As a result, it did not have good-quality information to assess and prioritise new
projects. A further 4 projects were announced without being assessed. BIS
informed us this was because it had identified them as crucial to the UK and its
international standing. BIS informed us that, in all cases, decisions to proceed
would be subject to a satisfactory business case (paragraphs 2.8 to 2.11, Figure 9,
and paragraph 2.24).

12 The analysis supporting recent business cases has not always been
complete. We reviewed 20 business cases approved between 2008 and 2015 and
found that some of the more recently approved business cases lacked key analysis,
such as an assessment of alternative options, estimates of what projects could cost

to run, or assurance on how ongoing costs would be funded. Running costs of
science infrastructure can be substantial. BIS has committed £3.2 billion of capital
expenditure to 56 projects since 2007. We estimate that these projects may cost some
£2 billion to run between 2015-16 and 2020-21. BIS believes that its 2015 Spending
Review resource settlement will cover the costs of running projects but we have not
seen analysis to support this (paragraphs 2.12, 2.14 to 2.16, Figure 10).

13 HEFCFE’s approach to prioritising and approving capital projects in higher
education institutions has, in most respects, been robust. HEFCE’s UKRPIF tends
to be used to fund smaller projects than some of those managed by the research
councils. Nevertheless, we reviewed 8 projects and found that HEFCE had gained
assurance that all were sustainable and would deliver scientific and economic impacts
(paragraphs 2.17 to 2.19, Figure 14).
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Performance and impact

14 Many projects were delivered on time and within budget, with few
exceptions. Despite the technical risks involved with cutting-edge science projects,
there are examples of complex projects that were delivered on time and within budget.
Of the 10 projects we examined in 2007, 5 were delivered on budget including the
HECToR supercomputer (£65 million). Three exceeded their budgets by more than

10%. These included the Halley VI Antarctic research station, which was 4 years late
and £15 million (46%) over budget because of reported difficulties with the design
specification, the quality of construction and the challenging location. Of 20 subsequent
projects that are now operational, none were delayed by more than a year and 16 were
delivered within budget (paragraph 3.2).

15 Among the projects that have been operational for some time, many are in
high demand and have produced benefit to science and society. The Diamond Light
Source, a particle accelerator, has been operational since 2007 and has enabled scientific
achievements in a number of fields. For example, scientists at Diamond have worked

with car manufacturers to understand how the structure of steel can be manipulated to
make faster and more streamlined cars. The Royal Research Ship James Cook began
operations at sea in 2006 and has been used for climate change research (paragraph 3.9,
Figure 18 and Figure 19).

16 Of the operational projects we examined, 1 had run significantly below
capacity due to resourcing constraints. The number of days the ISIS neutron source,

a particle accelerator, was available for experiments was below the capacity of the facility
between 2006 and 2014. This was because its funding was not sufficient to cover power
costs or the number of technicians needed. The availability of the facility for scientific work
has improved since BIS increased its resource funding in 2015-16 (paragraph 3.11).

17 BIS and the research councils do not have a common systematic framework
for assessing whether operational projects are delivering expected benefits.
Research councils and projects use a range of different approaches to assess the
impact of individual projects including case studies to illustrate benefits achieved and
reviews of the impacts of research. However, taking a more systematic approach would
help BIS assess whether projects across its portfolio are delivering what was expected
and inform future spending decisions (paragraphs 3.13 to 3.14).

18 Few of the operational projects we examined have calculated the economic
impact of projects. Our 2007 report highlighted the importance of measuring the
economic impact of science capital projects. The Biotechnology and Biological Sciences
Research Council has measured the economic impact arising from its £137 million
investment into the Babraham Research Campus, calculating that it has helped create
6,673 jobs and generated £298 million of value to the UK economy. There are also plans
to assess the economic impacts of the European Bioinformatics Institute and the UK Data
Service. While it will not always be proportionate to carry out a full economic appraisal, in
some cases an assessment would allow BIS to demonstrate economic benefits have been
achieved and support the case for further investment (paragraph 3.14).
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Conclusion on value for money

19 In 2014-15, BIS’s capital spending on science was above £1 billion and the
2015 Spending Review confirmed that this level of spending would be maintained
up to 2021. Many projects have been delivered on time and within budget, have high
levels of demand and have made notable scientific impacts. However, since 2010,
BIS has lacked a clear process for deciding which projects are investment priorities,
and BIS’s processes for prioritising projects and taking spending decisions have not
been consistently supported by good-quality information such as what projects could
cost to run. BIS also lacks adequate analysis of whether its investment in a portfolio
of science capital projects is optimising scientific and economic benefits. We regard
these shortcomings as avoidable and undermining of BIS’s ability to prioritise and
deliver value for money across the range of its capital funding of scientific research.

Recommendations

20 BIS needs to develop a more systematic and informed approach to investing in
science projects. In particular, BIS should:

a Set out a more structured and strategic process for proposing projects,
identifying priorities and taking funding decisions, potentially as part of
its plans for the recently proposed integrated Research UK organisation.
BIS’s aim should be to optimise the value of its portfolio of investments. To ensure
decision-making is soundly based, the prioritisation process should be supported
by robust analysis of, for example, the likely costs of running projects and the
anticipated economic and scientific benefits.

b  Conduct a systematic analysis of the existing infrastructure. To take informed
decisions on capital investment, BIS needs to ensure there is an adequate picture
of the existing infrastructure and its ability to support BIS’s science strategy,
including current gaps and emerging priorities, the need for future upgrades and
renewals, and the extent to which international facilities can meet UK requirements.
To gain this picture, BIS should draw on existing information and analysis held by
its partner organisations and other sector bodies.

¢  Ensure that decisions to invest in capital projects are not taken without
a robust assessment of the costs likely to be incurred over the life of the
projects. At a time when available resources are limited, taking decisions without
sufficient information on what projects could cost to run may have long-term
consequences for how the UK science budget is spent.
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Optimise the value from its investment decisions by carrying out an
appropriate level of analysis before committing to individual projects.

In particular, BIS should consider what options are available to achieve desired
outcomes, analyse the demand for projects and assess the scientific and
economic impact expected from the project.

Take a more systematic approach to evaluating the impact of operational
projects. BIS’s current approach may not be capturing all the economic and
scientific benefits of the projects it has funded. While the extent of analysis that

is possible will depend on the nature and scale of each project, assessing projects
in a more structured way will help to inform BIS’s future investment decisions.

Work with HM Treasury to consider how best to provide a predictable
funding framework for planning scientific capital investment as part of

any review of future spending. Funding allocations for science projects were
unpredictable between 2010 and 2014. This led to projects being selected, often
at short notice, to match funding that became available unexpectedly. In 2014,

the government committed capital funding for science up until 2021, allowing BIS
to plan which projects to fund. Decisions about investment priorities are likely to
be better informed if decision-making takes place in a more predictable framework
for funding longer-term projects.



12 Part One BIS’s capital investment in science projects

Part One

Background

The government’s plan for investing in science

1.1 The Department for Business, Innovation & Skills (BIS) has overall responsibility for
the government’s expenditure on science, technology and engineering. BIS’s investment
covers a wide range of scientific disciplines and industry sectors, and aims to develop
and maintain the UK’s science and research capability.

1.2 In 2014 BIS published Our plan for growth: science and innovation, which
highlighted that the UK's ability to capitalise on its science base will be critical for future
prosperity and well-being.® It identified investment in infrastructure, training and skills,
and commercialisation of science and technology as key to economic growth. It also set
out the ‘8 Great Technologies’, the key sectors where the government has decided to
invest to exploit the UK’s science capabilities and influence economic growth.

Science and research infrastructure

1.3 In order to support and advance the UK’s science and research capabilities,

BIS invests in a range of infrastructure from small-scale laboratories, focused on
discrete research projects, to large national and international facilities (Figure 2).
Scientific infrastructure is used to carry out a wide range of pure and applied research
across many scientific sectors and disciplines. The results of research can be used

to inform scientific knowledge, leading to benefits for both the economy and society
(Figure 3 and Figure 4 on pages 13 and 14). In particular, the government invests in
science to encourage innovation, create new jobs, increase productivity and allow the
UK to take the lead in new markets.

5 HM Treasury, Department for Business, Innovation & Skills, Our plan for growth: science and innovation,
December 2014.
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Figure 2
Types of science infrastructure in receipt of BIS funding

Research infrastructure at universities

Ranges from small laboratories to more extensive facilities.

Investment in universities’ infrastructure also includes the UK Research Partnership Investment Fund (UKRPIF),
designed to encourage strategic partnerships between universities and the private or charity sectors.

Campuses

Provide hubs for specialist research, often encouraging investment and collaboration from industry.

Examples include the Babraham Research Campus, a biomedical research and innovation hub, and
the Research Complex at Harwell, which promotes cross-disciplinary research between physics and
life sciences.

Institutes

Specialise in a particular field or undertake multi-disciplinary research.

Examples include the Pirbright Institute for animal health and the Francis Crick Institute for
biomedical research.

National facilities

Large-scale facilities and equipment such as particle accelerators, oceanographic research vessels,
supercomputers or data centres, which may be beyond the capacity of large companies to provide.

Publicly and privately funded scientists apply to use facilities for their experiments.

International facilities

The UK participates in international facilities such as CERN (the European Organisation for Nuclear
Research) where collaboration between scientists and nations makes the infrastructure and experiments
more affordable.

Other examples are the UK’s participation in the European Space Agency and in the European Synchrotron
Radiation Facility.

Source: National Audit Office

Figure 3
Case example: The Pirbright Institute

The Pirbright Institute is a world-leading centre in research
and surveillance of viral diseases of farm animals and
viruses that spread from animals to humans.

The institute’s scientific priorities include understanding
how viruses invade the immune systems of their
livestock hosts.

The research supports the design of strategies to control
diseases such as foot and mouth disease. In doing so, it
supports the competitiveness of UK livestock and poultry
producers, and improves the quality of life of both animals
and people.

Source: National Audit Office
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Figure 4
Case example: Marine autonomous robotics systems

Marine autonomous robotic systems are high-tech pieces
of equipment which allow scientists to explore the ocean
floor in ways that previously were not possible.

For example, the robotic systems have explored the dark
caverns that exist under floating ice shelves, and the
deep Caribbean, where they helped discover the world’s
largest hydrothermal vent.

The results of marine research help scientists understand
climate change, and identify bio-diversity hotspots and
large-scale ecological patterns.

Source: National Audit Office

BIS’s funding of science

1.4 This report focuses on two main channels for BIS’s science capital funding: (1)
the research councils and the UK Space Agency; and (2) the Higher Education Funding
Council for England (HEFCE) (Figure 5).

1.5 The capital budget managed by the research councils includes:

e funding provided for specific projects — Decisions to fund the projects are
taken by BIS;

e international subscriptions — The level of annual capital funding for international
projects reflects the UK’s existing commitments and decisions taken by BIS
to participate in new international projects;

e funding for large facilities — BIS decides the level of capital funding required for
the 3 large national facilities, the Diamond Light Source, the ISIS neutron source
and the Central Laser Facility; and

e research councils’ core budget — The research councils are free to decide how
to spend the remaining capital budget, which may be used for minor upgrades,
capital grants and estates maintenance. Except for projects with a capital
value greater than £2 million, this element of total capital expenditure is outside
the scope of this report.

1.6 The capital funding HEFCE allocates to higher education institutions includes:

e UK Research Partnership Investment Fund — This fund, introduced in 2012,
is designed to enhance research facilities in higher education institutions through
funding large-scale projects that can attract co-investment from private sources; and

e  other capital grants — As autonomous institutions, universities can spend the
capital grants allocated by HEFCE according to their own priorities — unless these
grants have been awarded competitively, when specific terms and conditions
apply. This element of total capital expenditure is outside the scope of this report.
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Figure 5
BIS’s capital science funding in 2014-15
{ BIS’s total capital expenditure on science (£1.1bn in 2014-15) }
Capital expenditure managed by the research councils and Capital expenditure managed by the Higher Education
UK Space Agency Funding Council for England
(o . C T |
Projects (funding UK Research | Other capital grants for |
decisions taken directly Partnership Investment | universities (£127m) |
by BIS) (£427m) Fund (£160m) \L J
N e
e
International subscriptions Large national facilities BIS decides what proportion of the research councils’
(£28m) (Diamond, ISIS and the capital budget is required to cover the capital costs of the
Central Laser Facility) (£23m) large national facilities. A further portion is required to cover
the UK’s capital commitment to international facilities.
\
The research councils and UK Space Agency are free to

(T T Tttt T TT T T T T T T T | decide how to spend their remaining core budget.
| Research councils’ and UK Space Agency’s core budget: I
} smaller projects/minor upgrades, capital grants and estates }
\\ expenditure (£278m) J

Notes

1 Around half of the Department for Business, Innovation & Skills’s total capital expenditure on science in 2014-15 is within the scope of the report.
Research councils’ core budget (with the exceptions of projects of capital value greater than £2 million) and capital grants to universities is expenditure
outside of the scope of this report.

2  The Department for Business, Innovation & Skills’s capital funding of science includes £15 million funding allocated to higher education funding bodies
in Scotland, Wales and Northern Ireland.

Source: National Audit Office

1.7 Since 2012-13, BIS’s annual capital expenditure on science has risen from less
than £600 million a year to more than £1 billion a year (Figure 6 overleaf). At the 2010
Spending Review, the capital element of the science budget, which was previously
protected, was reduced by 41% from £873 million in 2010-11 to £514 million in 2011-12.
The capital budget was expected to remain at that level over the spending review period.
However, in 2011-12, and in the following years, extra capital funding became available
for new projects and capital spending on science increased beyond what was originally
planned. The 2015 Spending Review committed £5.9 billion of capital expenditure
between 2016 and 2021.
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Figure 6
BIS’s capital expenditure on science (2010-2015)

Since 2012-13, BIS’s total annual capital expenditure on science has risen from less than
£600 million a year to more than £1 billion a year

Capital expenditure (£Em)

1,200

1,000 o

"
400
200 \ //
\
0 T
2010-11 2011-12 2012-13 2013-14 2014-15

Financial year

— Total capital

Research councils and UK Space Agency (not including large facilities
or international subscriptions)

= Higher Education Funding Council in England
— Large facilities (including ISIS, Diamond Light Source and Central Laser Facility)
International subscriptions

Note
1 Expenditure is not adjusted for inflation.

Source: National Audit Office analysis

1.8 We estimate that since we reported in 2007,% BIS has spent or committed to
spending a total of £3.2 billion on 56 major capital projects.” In addition it has spent
or committed to spend £500 million® through HEFCE’s UK Research Partnership
Investment Fund (UKRPIF).

1.9 Over the same period, 2010-11 to 2014-15, resource funding for research activity and
other ongoing costs of operating projects remained constant, while rising as a percentage
of BIS’s total resource expenditure (Figure 7). BIS believes that the 2015 Spending Review
settlement, which committed to maintain funding for science resource budgets in real
terms until 2021, will cover the costs of running current and new projects.

6 Comptroller and Auditor General, Big Science: Public investment in large scientific facilities, Session 2006-07, HC 153,
National Audit Office, January 2007.

7 For the purpose of this project, we have defined major projects as national or international projects with capital costs
to BIS of greater than £2 million. The £3.2 billion does not include smaller projects, expenditure funded by the research
councils for minor upgrades, capital grants and estates, or other funding allocated by HEFCE.

8 Does not include capital funding allocated to universities other than through the UKRPIF.
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Figure 7
BIS’s resource expenditure on science (2010-2015)

Total resource expenditure has remained constant

Resource expenditure (£Em)
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— Total capital

Research councils and UK Space Agency (not including large facilities
or international subscriptions)

= Higher Education Funding Council in England
= International subscriptions

= Large facilities (including ISIS, Diamond Light Source and Central Laser Facility)

Notes
1 Expenditure is not adjusted for inflation.

2 Total resource expenditure excludes annual funding allocations of around £110 million to the national academies
and other programmes.

3 Resource expenditure on science as a percentage of BIS’s total resource expenditure has risen from around
27% in 2010-11 to around 33% in 2014-15.

Source: National Audit Office analysis

1.10 This report examines whether BIS has robust arrangements in place to select
the projects most likely to add value; whether BIS receives adequate information on
project performance once they are operational; and how BIS evaluates whether they
are delivering benefits. Part Two focuses on how BIS has decided its capital spending
priorities and Part Three examines BIS’s assessment of the performance and impact
of operational projects.
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Part Two

Deciding capital priorities

2.1 This part examines:

e the Department for Business, Innovation & Skills’ (BIS’) information on the
state of UK science infrastructure;

e  BIS’s approach to deciding capital investment priorities; and

e  whether investment decisions are supported by robust evidence and
analysis and a clear process.

Understanding the state of UK science infrastructure

2.2 In order to make well-informed decisions on capital investment, BIS needs
sufficient information, collected in a cost-effective way, on the state of existing
infrastructure, as well as a good understanding of the future scientific challenges the

UK may face. This information is needed to help BIS identify gaps in current or future
capability, and to inform its decisions about whether to develop an existing facility, invest
in a new national facility, or join an international project. Such information might include:

e aninventory of the UK’s research infrastructure, with an assessment of its state of
repair and fitness for purpose;

e information on the expected lifetime of projects and the optimal or planned
timetable for upgrades and renewals;

° utilisation rates of current facilities; and

e the extent to which existing or planned international facilities will meet the
UK’s current and future needs.

2.3 BIS has carried out a partial assessment of the state of UK science infrastructure.
Some information has been collected, for example, Higher Education Funding Council
for England (HEFCE) has assessed the condition of infrastructure in the higher education
sector, and some of the research councils have assessed the infrastructure for specific
sectors or types of equipment. In addition, an EU-funded initiative completed in 2012
mapped research infrastructure across the EU providing a partial inventory of the UK’s
stock of larger facilities.®

9  European Science Foundation, Mapping of the European Research Infrastructure Landscape. Available at: www.esf.
org/serving-science/ec-contracts-coordination/meril-mapping-of-the-european-research-infrastructure-landscape.html
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2.4 There is scope to further expand this partial assessment of the state of UK science
infrastructure. Much information already exists on the condition of national facilities,

and the extent to which current or planned international facilities or research facilities
managed by other government departments meet the UK’s needs. However, this
information is held by a variety of organisations and has not been brought together

and assessed as a whole. A broader assessment would provide BIS with consolidated
information to inform its spending decisions.

The impact of funding uncertainty on BIS’s planning
and decision-making

2.5 Since 2010, uncertainty over the amount of capital funding available for science
has shaped the way BIS has decided priorities for science capital funding. Following

the 2010 Spending Review, funding was no longer allocated for any new science capital
projects. As a consequence, the research councils did not continue to develop the large
facilities roadmap that had previously identified projects for capital funding. Instead, they
developed a strategic framework for capital investment, which set out which areas of
science were priorities for investment but did not identify specific projects as candidates
for funding.

2.6 The absence of a prioritised roadmap meant that BIS did not have a prepared
investment plan to support its decision-making. Between 2011 and 2014 additional
funding for science became available at short notice and BIS was often required to
identify projects where funding could be spent quickly. In 2013 the House of Lords
Science and Technology Committee raised concerns about the absence of a funded
long-term strategic plan for investing in scientific infrastructure.™

2.7 Intotal, BIS announced nearly £1.7 billion of additional spending on capital projects
that it had not originally expected to be available (Figure 8 overleaf). These proposals
were subject to business case approval (assessed in Figure 10).

BIS’s consultation on capital projects

2.8 Recognising the need for a more structured approach to science capital funding, in
April 2014, BIS launched a public consultation to identify strategic priorities for long-term
science and research capital investment. It asked respondents:

e \What balance should we strike between meeting capital requirements at the
individual research project and institution level, relative to the need for large-scale
investments at national and international levels?

e What should be the UK’s priorities for large-scale capital investments in the national
interest, including where appropriate collaborating in international projects?

10 Research Councils UK, Investing for Growth, 2012.
11 House of Lords Select Committee on Science and Technology, Scientific Infrastructure, 2013.
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Figure 8
Additional funding announced between 2011 and 2014 for capital
science projects

Fiscal event/date Project(s) Expenditure
of announcement committed
(£Em)
Budget 2011 Capital funding for science and innovation campuses 100
(eg Babraham, Norwich campuses).
October 2011 High performance computing projects (eg Hartree Centre, 145
ARCHER supercomputer).
October 2011 Additional investment in graphene research (including National 50
Graphene Institute).
Autumn Investment in various projects including the Pirbright Institute. 175
Statement 2011
December 2011 Investment in Novasar space-based radar. 21
Budget 2012 UK Research Partnership Investment Fund. 100
Autumn UK Research Partnership Investment Fund (announced 200
Statement 2012 October 2012).
Autumn Additional UK contribution to the European Space Agency. 120
Statement 2012
Autumn Investment in research council infrastructure and facilities for 509
Statement 2012 applied research and development in big data, energy-efficient
computing, synthetic biology and advanced materials.
Budget 2013 UK Research Partnership Investment Fund. 200
Autumn Additional funding for National Quantum Technology 24
Statement 2013 Programme, Higgs Centre for astronomy and particle physics.
Budget 2014 Alan Turing Institute for Big Data Science. 42
Total 1,686
Notes

1 The UK Research Partnership Investment Fund enhances university research facilities through funding projects that
can attract co-investment from private sources.

2 While projects were announced between 2010 and 2014, some of the expenditure will be incurred in future years.

Source: National Audit Office review of HM Treasury Autumn Statements, Budget Reports and other public announcements
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2.9 Although the consultation primarily sought views on future priorities, BIS also asked for
views on potential new projects; agreed the criteria it would use to sift project proposals; and
used the consultation results to select new projects. In December 2014, BIS announced plans
for allocating £5.9 billion of capital expenditure to major projects and underlying laboratory
infrastructure between 2016 and 2021.'2'2 This included around £800 million funding for
15 new capital projects subject to business case approval (Figure 9 overleaf).

2.10 We identified weaknesses in how BIS used the responses it received from the
consultation exercise to sift project proposals. In particular:

e BIS did not specify the information it needed respondents to provide, such as
estimated capital and resource costs. As a result, it did not have the information it
needed to assess all of the projects suggested by respondents. For the projects it did
assess, it did not have all of the information it needed to score projects against some
of the assessment criteria; and

e BIS did not have a clear rationale for how it scored the projects. It did not set
out scoring criteria and, although BIS considered some criteria more important than
others, it did not weight the scores for those criteria.

2.11 Furthermore, at the point BIS sifted project proposals and announced its capital
spending plans, it did not have robust information on what some projects would cost to run
so did not know what projects would cost to run in total. It was also not certain how much
resource funding would be available to support new projects, so did not know whether

the portfolio as a whole was affordable. BIS plans to assess the costs of running individual
projects at the business case stage. Specific issues include:

e  of the 15 new projects that BIS selected from the consultation responses, over
half were not scored on what they would cost to run (Figure 9);

e information on running costs may not have been provided on a consistent
basis. For example, the capital consultation document stated that running costs
for the Engineering Structures and Systems project (a project for testing innovative
engineering technologies) would be £105 million over 3 years. The scorer judged that
the project’s running costs ‘should be affordable’. However, BIS informed us that this
figure included the value of research grants for the project and actual running costs
are estimated at £5 million over 3 years; and

e  BIS has committed to some projects without determining how it will fund
ongoing costs. In 2014, BIS committed to joining two international programmes:
the European Spallation Source and the European X-ray Free Electron Laser.
This involved a total capital investment of £195 million. While BIS expected
participation to enhance national capability, when it committed to join the projects BIS
had not decided how it would fund the ongoing costs of at least £14 million per year
or whether the UK would need to withdraw from another international programme
to meet these new commitments.

12 HM Treasury, Department for Business, Innovation & Skills, Our plan for growth: science and innovation, December 2014.

13 The £5.9 billion comprised: (a) the £2.9 billion Grand Challenges fund for large-scale investments in science, which includes
£1.2 billion of spending already announced (on projects including the Square Kilometre Array, the new polar research ship,
the European Spallation Source and the Plato Space Mission), £800 million to fund new projects and a £900 million agility
fund to respond to new challenges as they emerge; and (b) £3 billion for individual research projects and facilities at research
institutions, including funding to cover the capital elements of the UK’s subscriptions to international projects.
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Figure 9

Projects selected

Selected projects following Capital cost Running cost23

the consultation (UK government share)? score
(Em)

Longitudinal studies — integrating 40 -

biosocial data

E-infrastructure investment 115 3
(Hartree Centre Phase 3)

UK Data Service4 19 2
Henry Royce Institute for 235 3
Advanced Materials

European X-ray Free Electron Laser 30 2
National Nuclear Users Facility 60 3
Phase 2

Energy Security and Innovation 31 -

Observing System
Investment in Bio-Banking 5 1

European Space Agency 95 1
Programme (2014 commitment)

International Centre for New 17 -
Forms of Data4

Inspiring Science Capital Fund 20 -
Engineering structures and systems 40 -
Wind Engineering Projects 10 -
Flagship biomolecular Nuclear 22 -

Magnetic Resonance facilities

Imaging Centre for 15 -
Stratified Medicine

Total 754

Notes
1 Capital costs at time of announcement in December 2014. In some cases more recent plans may differ.

2 Running cost score ranges from 1 = low running costs to 4 = very high running costs. The lower the score the
lower the estimated running costs will be.

3 An‘~" means that BIS did not give the project a score for running costs.

The UK Data Service and International Centre for New Forms of Data have since been combined into a single project
proposal called Data Infrastructure for Societal Challenges.

Source: National Audit Office review of data provided by the Department for Business, Innovation & Skills
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2.12 The cost of operating scientific infrastructure can be substantial. For example, since
2007 we estimate that BIS has spent around £3.2 billion on science capital projects.

We estimate that it may cost BIS some £2 billion to meet the running costs of these
projects over the 6-year period between 2015 and 2021." This includes the costs of
operating the infrastructure, but not the costs of carrying out research. BIS believes

that, given research grants account for a large proportion of the research councils’
expenditure, there is considerable flexibility for the research councils to meet the running
costs of future projects.

2.13 Our work in other areas has highlighted the problems that can emerge if
departments do not maintain control over the total long-term costs of procurement
programmes. In particular, our work on the Ministry of Defence’s (MoD’s) equipment plan
has examined the challenges MoD has previously faced in dealing with an affordability
gap in its equipment plan. In 2015 we reported that the 2015 equipment plan looked more
stable than the previous year’s plan but identified the need for the MoD to make room in
its budget for the support costs of a range of new equipment currently being procured.’®

Information supporting investment decisions

Major projects

2.14 Investment decisions on many of the 15 new projects still depend on satisfactory
business cases. The quality of these business cases will be crucial to addressing the
gaps we identified in the information supporting the December 2014 prioritisation. To test
whether business cases were likely to be of a satisfactory quality, we reviewed a sample
of 20 business cases approved between 2007 and 2015. Details of our approach are set
out in Appendix Two.

2.15 Based on the business cases we reviewed, there are indications of a decline

in the level of information in the business cases that BIS approved after late 2011.

Most of the business cases approved before November 2011 included evidence that
HM Treasury considers necessary for a soundly based investment decision.'® However,
some business cases we examined that were approved after November 2011 lacked
adequate analysis in some areas (Figure 10 on pages 24 and 25).

14 This estimate includes projects with approved business cases only and is based on information available in
February 2016. It assumes that, in most cases, running costs will remain constant during the 6-year period, including
BIS’s contributions for running international projects. It does not include running costs met by bodies other than BIS or
the research councils, such as higher education institutions or charities. Not all of these costs will be additional as some
new projects will replace old equipment, for which running costs will no longer be required.

15  Comptroller and Auditor General, Major Projects Report 2015 and the Equipment Plan 2015 to 2025, Session 2015-16,
HC 488-1, National Audit Office, October 2015.

16 HM Treasury, The Green Book of appraisal and evaluation in central government, 2013.
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Figure 10
Information and analysis in business cases
Project Date of Alternative Running Potential
approval options costs demand
assessed estimated evaluated
and funding/
affordability
confirmed
UK household October
longitudinal study 2007
(understanding society)
Oceanographic March
research ship 2010
Diamond Light Source March
Phase 3 2010
Francis Crick Institute February
2011
Birth Cohort Facility March

(CLOSER and Life Study) 2011

ISIS neutron source May
Phase 2 2011
Babraham campus July

2011
European Life Science November
Infrastructure for 2011

Biological Information

(technical hub and data
centre) at the European
Bioinformatics Institute

Sensitivity

analysis of

costs and
benefits

Plan for
tracking and
assessing
benefits
realisation

Return on
investment
estimated
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Figure 10 continued
Information and analysis in business cases

Project Date of Alternative Running Potential Sensitivity Plan for Return on
approval options costs demand analysis of tracking and investment
assessed estimated evaluated costs and assessing estimated
and funding/ benefits benefits
affordability realisation
confirmed

E-infrastructure investment December
(including Hartree 2011
Centre Phase 1 and

other projects)

National Graphene April - -

Institute and other 2012

graphene-related projects

Pirbright Institute July - -

Development Phase 2 2012

ARCHER Supercomputer November - -
2012

Big Data and May

Energy-Efficient Computing 2013
(including the Farr Institute

of Health Informatics and

other projects)

Autonomous Systems, May
Slocum and Sea Gliders 2013
(Marine autonomous

and robotics systems

(MARS) and the MARS

Innovation Centre)

National Quantum September - -
Technologies Programme 2013

Higgs Centre for March - -
space technology and 2014

business incubation

Alan Turing Institute June - -
for Data Science 2014

European Rover November - -
Mission to Mars (part 2014

of the European Space
Agency Programme)

Hartree Centre Phase 3 March - -
2015

European X-Ray Free July - -

Electron Laser 2015

B Assessment was comprehensive or adequate B Assessment was either absent or limited

Notes
1 Some business cases covered multiple projects. Where this is the case, specific projects referred to elsewhere in the report are noted within brackets.

2 We rated the business cases to give an indication of relative completeness and trends over time. Rating the business cases required judgement and full
details of how we ensured consistency are at Appendix Two.

Source: National Audit Office analysis
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2.16 Specific areas where some business cases lacked analysis include:

in 7 out of 20 business cases we reviewed, BIS and the research councils took
investment decisions without adequate consideration of what projects could
cost to run or an assessment of whether running costs were affordable
(Figures 11 and 12). In some cases, the assumption was that running costs would
be funded from the research councils’ core budgets but the research councils
were not able to confirm whether the additional expenditure would be affordable
because they did not yet know how much funding they would receive in future
spending review periods. Our published guide, Initiating successful projects,
highlights the importance of committing to projects that are affordable;"”

6 out of the 20 business cases we reviewed did not include adequate analysis of
alternative options. These cases included the £189 million investment into Big
Data and Energy-Efficient Computing, where the range of options in the business
case was limited by the need to find projects that would use the funding within
the current spending review period (Figure 13 on page 28);

5 out of the 20 business cases did not adequately assess the potential demand
for the project or its capability. Whether or not a project is well-used, either by
publicly funded researchers or by industry, will be a factor in its ability to deliver
the planned scientific and economic benefits; and

14 of the 20 business cases we examined did not include adequate sensitivity
analysis. HM Treasury’s Green Book recommends testing the sensitivity

of costs and benefits to changes in assumptions. Sensitivity analysis helps
decision-makers understand the extent that estimates of costs and benefits
are vulnerable to uncertainties.

UK Research Partnership Fund (UKRPIF)

2.17 We also examined the information that HEFCE uses when it allocates capital
science funding to universities through its UKRPIF. We reviewed 8 bids approved
between 2012 and 2014.

2.18 We found that HEFCE had collected the evidence it needed to support its
investment decisions in all of the cases we reviewed. In particular, HEFCE requires
evidence that the project’s funding sources for operating and research costs are
sustainable. It also requires projects to estimate the return on investment to show
that they can deliver value for money (Figure 14 on page 28).

17 National Audit Office, Initiating successful projects, December 2011.
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Figure 11

Information in business cases on running cost estimates and

their affordability

Business cases included
estimates of running costs and
assurance over funding sources

Business cases included an
estimate of running costs but
lacked information about whether
running cost are affordable

Business cases did not include any
estimation of running costs

Source: National Audit Office analysis

Number of Projects
business cases
13 UK Household Longitudinal Survey;

Oceanographic research ship; Diamond
Light Source Phase 3; Francis Crick Institute;
Birth Cohort Facility; ISIS Target Station 2
Phase 2; Babraham Research Campus;
Infrastructure for biological information at the
European Bioinformatics Institute; Pirbright
Phase 2; ARCHER (see Figure 12); Quantum
technologies; Higgs Centre; Hartree Phase 3.

3 Alan Turing Institute; European Rover Mission
to Mars; European X-ray Free Electron Laser.

4 E-infrastructure investment; National
Graphene Institute; Big Data and Energy
Efficient Computing; Marine autonomous
and robotics systems (see Figure 12).

Figure 12

Availability of funding to meet running costs

Issue

Assurance that funding will be
available from other sources to
meet running costs

Case example

The Natural Environment Research Council provided capital of around
£13 million for marine autonomous robotic systems. The business
case states the expectation that funding for operational, management
and running costs will be funded by non-government sources.

However, the business case does not state what the project will
cost to run or include evidence that covering the running costs
using alternative sources of funding is a tested assumption.

Assurance that research councils
have available resources to meet
ongoing costs

Source: National Audit Office analysis

The running costs of the ARCHER supercomputer (£6.1 million per
year) are met by the Engineering and Physical Sciences Research
Council and the Natural Environment Research Council.

However, at the time of the business case approval, the research
councils had not confirmed their commitment or that the running
costs would be affordable.
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Figure 13
Case example: Big Data and Energy-Efficient Computing, approved 2013

A central aim of this project was to deliver the government’s objectives on Big Data through investing in new
infrastructure in a variety of research areas, eg medical bioinformatics. The business case had identified the
need to spend the available funding within the current spending review period. The options considered were:

a spend the money now;

b do nothing;

¢ delay investment; or

d use other BIS funding opportunities that may be available at other times.

Option a was selected because the funding was only available for a limited time.

Source: National Audit Office business case review

Figure 14

Examples of evidence provided in UKRPIF bids

Issue Example

Level of demand University of Manchester — Multidisciplinary Characterisation Facility,

approved in 2013. It sets the following targets after 5 years of operation:

o 50 PhD students trained;

80 post-doctoral researchers using the facility;

strengthened the links with 50 companies; and

® new partnerships with another 30 companies.

Leverage of investment University of Warwick — National Automotive Innovation Campus,

from industry approved in 2012. At the time of the bid, the project had a total capital
cost of £47 million, with £15 million funded by HEFCE and £32 million
funded by private companies that provided letters confirming the
funding commitments.

Sustainability of operating University of Manchester — Cancer Research Development, approved in
and research costs 2012. The recurrent costs of the project are included in the university’s
long-term financial plans.

Long-term return University of Manchester — Graphene Engineering Innovation Centre,
approved in 2014. It estimates the impact on the UK economy with
a minimum target of 10 times the funding achieved after 10 years
of operation.

Source: National Audit Office
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2.19 However, given the uncertainties in predicting future running costs, HEFCE would
have better information to assess the robustness of estimates if bidders were required to
provide a range of costs rather than single-figure estimates. Sensitivity analysis of costs
and benefits would give HEFCE a clearer understanding of the level of risk in the project
and bring its investment decision process closer to the best practices recommended by
HM Treasury.

The process for taking investment decisions

|dentifying priorities

2.20 Clarity over roles and responsibilities is important if BIS is to have a robust process
for taking investment decisions. Under the Haldane principle, the government does not
take decisions on whether to fund specific projects or individual research proposals, and
therefore BIS delegates detailed decision-making to its partner organisations. In 2010
the government made a statement clarifying the Haldane principle and, in particular,
stated that ministers have the final say in decisions that involve long-term and large-scale
commitments, including the construction of large research facilities where business
cases require ministerial approval.

2.21 In 2007 the research councils used a well-delineated staged approach for
identifying priorities for capital investment aimed at developing a large facilities roadmap
(Figure 15 overleaf), whereby the research councils consulted with the research
community to identify candidates for funding, and prioritised projects according to
agreed criteria. Ministers took the final decision on which projects should be funded.

2.22 As described earlier in this report, the 2010 Spending Review resulted in a
significant reduction in funding for new science capital projects and the approach for
prioritising large projects was discontinued. Instead, when additional capital funding
became available at short notice, BIS consulted the research councils to identify
opportunities to fund projects and also responded to project proposals from other
parties. For example, HM Treasury provided funding specifically for a number of
projects including the National Graphene Institute and the Alan Turing Institute.

2.23 While all project proposals were subject to business case approval (assessed at
Figure 10), the investments were often announced before business cases had been
developed and approved. Consequently, from 2011, BIS instructed the research councils
to take a ‘lighter touch’ to business cases. BIS informed us that where funding had
already been identified for specific projects, business cases were generally shorter,

with fewer alternative options. BIS advised the research councils that the length of

the business case should recognise where investments had already been announced
and the strategic case had already been implicitly accepted. For example, BIS

informed us that it would not have been relevant to assess alternative options to the
National Graphene Institute because the investment had already been announced.
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2.24 Projects were also announced in advance of BIS’s 2014 exercise to prioritise
capital projects following a consultation with the research community, as described
earlier in this report. Four projects announced in early 2014 were not assessed in the
sifting exercise because funding had already been allocated. BIS informed us this was
because it had decided the projects were crucial to the UK and its international standing.

Figure 15
Approach to prioritising large projects in 2007
Research councils consulted with research communities on which

facilities should be included in the Large Facilities Roadmap.
Stage 1

Research councils reviewed all potential facilities eligible for funding
and a final shortlist was agreed collectively.

Research councils prioritised projects using an agreed and published
set of criteria, and recommended facilities for funding.

Ministers decided which projects should be funded.

Stage 4

Source: National Audit Office
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Part Three

Performance and impact

3.1 This Part examines:

e the Department for Business, Innovation & Skills’ (BIS) performance
in overseeing the delivery of projects to time and budget;

e the performance of projects that are currently operational; and

e  how BIS evaluates whether projects are achieving scientific benefits
or economic impacts.

Delivery performance

3.2 By their nature, science projects are cutting edge and will, in some cases,

suffer cost and time overruns. Despite the technical risks involved, there are
examples of complex projects that were delivered on time and within budget. Of the
10 projects we examined in 2007, 5 were delivered on budget including the HECToR
supercomputer (£65 million). Three projects exceeded their original budgets by more
than 10%. These included the Halley VI Antarctic research station (Figure 16 overleaf).
Of 20 subsequent projects which are now operational, none were delayed by more
than a year and 16 were delivered within budget.
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Figure 16
Case example: The Halley VI research station

The Halley VI research station in the Antarctic is used for monitoring climate, ozone, and space
weather. It replaced the previous Halley V station, which had reached the end of its life.

The project suffered cost increases and delays. The Natural Environment Research Council
spent £49.8 million building the new Halley VI research station against an original budget of
£34 million (a 46% increase). Construction began in 2007 and was originally due to complete

in 2009. However, full operations did not begin until 2013, 4 years later than planned.

The delays and cost overruns are attributed to a number of factors including an innovative
design specification, difficulties associated with the quality of the construction, and the challenges
posed by the location in terms of the limited summer season available for transporting materials
and construction activity.

Delays in the project had implications for science capability — while long-term monitoring
continued from the Halley V research station, all other experiments ceased.

Halley VI experienced further technical difficulties once operations began. In 2014 a power
failure affected the continuity of science experiments.

Source: National Audit Office (image supplied courtesy of the Natural Environment Research Council)

3.3 Specific issues have affected 3 projects in development:

e  The Francis Crick Institute for biomedical research was approved in 2011. It has
received £330 million of capital funding from the Medical Research Council and
a further £400 million from universities and charities for a new building in central
London. The building was originally expected to be operational by August 2015
but, due to slower than expected progress in commissioning the building work,
is not expected to be fully operational until the end of 2016. The Institute is
expected to cost the research council around £42 million to run annually, but
may face operational challenges if the closely located second Crossrail project
interferes with its sensitive equipment, leading to inaccurate experimental results.
The Institute and its funders have lodged objections to the proposed route.



BIS’s capital investment in science projects Part Three 33

e Life Study, a study largely funded by the Economic and Social Research Council
(ESRC) to collect and monitor data about babies throughout their lives, was
approved in 2011. When it encountered challenges recruiting participants, ESRC
decided to discontinue the study, which will now end in early 2016. Total sunk costs
are still to be confirmed but expected to be around £9 million of the total planned
investment of £33.5 million.

e  The Mega Amp Spherical Tokamak (MAST) upgrade project to enhance
the UK’s role in international fusion research received £30 million of BIS funding.
The upgrade was due to complete by early 2016 but there have been delays
in assembling the infrastructure and costs have increased by £8 million (27%).
The cost overruns on the project have led to funding cuts in the wider fusion
research programme.

Operational performance

3.4 We examined the arrangements BIS and the research councils have in place
to monitor operational performance and how operational projects have performed,
including the extent that they are used.

Oversight arrangements

3.5 We found that there are a variety of arrangements for overseeing
operational projects.

3.6 In some cases, research councils maintain close oversight over operational
projects. For example, the Engineering and Physical Sciences Research Council
receives quarterly information on the ARCHER supercomputer to allow it to assess
whether the project’s contractors are meeting service requirements, while the
Biotechnology and Biological Science Research Council oversees the performance
of the institutes it funds by being represented on project boards.

3.7 In other cases, research councils have less direct involvement in monitoring
whether the project is achieving the intended impacts and benefits. For example,

the Engineering and Physical Sciences Research Council is not represented on

boards established for overseeing the performance of the National Graphene Institute.
The Natural Environment Research Council (NERC) had representatives on the Halley VI
project board during the delivery stage of the project but, now that the research station
is operational, the British Antarctic Survey is responsible for the day-to-day management
of operations and we did not see any evidence that NERC monitors information on the
operational performance and impact of the project.'®

18 The British Antarctic Survey is an institute of NERC.
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3.8 There is also variation in the type of information on performance that projects
report. We found that while most of the operational projects monitor their performance
against performance indicators, targets have not always been set for these indicators.
In most cases, previous performance levels are used as a baseline against which
current performance levels can be assessed (Figure 17). While in some cases
measuring performance against a baseline may be appropriate, in other cases
measuring performance against a target would be more informative.

Figure 17

How projects measure operational performance

Approaches Numbers of projects Projects

Current performance is compared 10 Diamond Light Source, Energy Recovery
with previous performance for key Linac Prototype (ALICE), Halley VI Antarctic
performance indicators research station, ISIS neutron source,

Harwell Research Complex, Royal Research
Ship James Cook, Babraham Institute,
Infrastructure for biological information at
the European Bioinformatics Institute, UK
Data Service, Understanding Society survey.

Current performance is 2 ARCHER supercomputer, Hartree Centre.
measured against targets for
key performance indicators

No performance indicators? 2 Pirbright Institute, Laboratory of Molecular
Biology (new building).

Have not yet started 2 Marine autonomous and robotics systems,
measuring performance National Graphene Institute.
Note

1 The performance of the Pirbright Institute and the Laboratory of Molecular Biology is measured mainly in terms of
research impact via quinquennial reviews.

Source: National Audit Office analysis
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Operational performance of projects

3.9 We examined the performance of those projects that have been operational

for some time. Where possible, we compared current performance levels with past
performance or with what the project team informed us was the desired level of
performance. All but one of the projects we examined in our 2007 report are operational.
Among these projects, most have been in high demand and are meeting performance
expectations (Figure 18). Notable successes include the Diamond Light Source
(Figure 19 overleaf), the Laboratory of Molecular Biology, which has developed a
new method for making human antibodies, and Royal Research Ship James Cook,
which allows scientists to explore climate change.

Figure 18

Performance summary for projects we covered in 2007

Project

Diamond Light Source particle
accelerator (Phases 1 and 2)

Energy Recovery Linac Prototype
(ALICE)

Halley VI Antarctic research station

HECTOR supercomputer

Pirbright Institute

ISIS neutron source particle
accelerator

Laboratory of Molecular Biology
(new building)

Research Complex and
essential infrastructure

Royal Research Ship James Cook

Note

Performance and impact summary

Technical performance at expected levels (Figure 19).

Operational for longer than planned. There are concerns that
reliability is below expected levels and capital funding to replace
obsolescent items is not available.

For a variety of reasons running costs have been higher than
expected. The British Antarctic Survey informed us that science
from Halley VI has contributed to what we know about space
weather, global climate change and the impact of the ozone
hole on sea ice.

Met performance expectations — decommissioned in 2013
as planned.

The research council’s 2014 mid-term review concluded that
the institute is producing excellent research outcomes.

Technical performance is at expected levels but availability of
the facility for experiments was below capacity between 2004
and 2014 due to difficulties meeting running costs (Figure 21).

Research received high scores in the research council’s most
recent (2011) quinqguennial review of the laboratory. The next
review of the laboratory’s performance is under way and will
report in 2016.

Exceeding planned capacity, case studies demonstrating
scientific impact.

Days at sea at planned levels but technician shortages have
marginally reduced the ship’s ability to support missions.

1 Our analysis assessed performance against the project’s own performance indicators but we did not assess

the appropriateness of the indicators.

Source: National Audit Office
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Figure 19
Case example: The Diamond Light Source

The Diamond Light Source particle accelerator is used to study the structure of matter, from fossils
to jet engines to viruses. It has 25 experimental stations, expected to increase to 32 from 2018

Success indicator Supporting evidence

Operational performance Diamond is achieving: machine time at around 97%, which is
comparable to similar world-class facilities; user satisfaction is at
4.5 (where 5 is ‘excellent’); high user demand, and a growing number
of external users.

Leveraging investment 85 companies pay to use Diamond; the level of industry funding
is increasing.
Demonstrating scientific impact Science at Diamond has included research into the structure of

drugs for treating Parkinson’s disease; more effective anti-freezing
fuel additives; manipulation of steel to design more streamlined cars;
and a more resilient surface treatment for aeroplane engines.

Source: National Audit Office analysis of performance data provided by the Science and Technology Facilities Council

3.10 Of more recent projects we examined, some are showing early signs of good
performance while performance information is not yet available for other projects
(Figure 20). For example:

e in operation since November 2013, ARCHER is the UK’s most powerful computer,
with 3.5 times the speed of HECTOR, its predecessor. In its first year ARCHER met
service level and user satisfaction targets. Ultilisation rates are gradually increasing
but were below optimal (71% across the year, against 80% to 85%) so the project
team is making it easier for less experienced users to use the facility; and

e the UK Data Service has been operational since 2012. It is a resource for social
science researchers and policy-makers who need access to government surveys
and census data. The service is well-used, with performance against indicators
such as data downloads and website hits increasing.

3.11 Funding constraints have reduced the availability and reliability of facilities in a
small number of cases. The ISIS neutron source is a particle accelerator used to
study bio-materials and advanced materials. While the particle accelerator’s technical
performance has been at the required levels since 2008, the availability of the facility for
experiments has been below expectations. Even allowing for planned shutdowns, total
scheduled user days have been around 120 days per year compared with an optimum
of 180 user days per year (Figure 21 on page 38). Some of the facility’s experimental
stations were only partially available in 2014-15. The Science and Technology Facilities
Council attributes the shortfall to insufficient funding for power and technical staff. The
project team informed us that increased funding for 2015-16 has improved availability.
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Figure 20

Performance summary for subsequent projects

Project Performance and impact summary

ARCHER supercomputer Service level targets met, utilisation slightly below optimum
in first year.

Babraham Research Campus Increase in utilisation supporting positive economic impact.

Infrastructure for biological information Performing well against many performance measures;

(Technical hub and data centre) at the utilisation of training suite below capacity.

European Bioinformatics Institute
Hartree Centre Performing well against targets.

Marine autonomous and No current operational information.
robotics systems

National Graphene Institute No current operational information.
UK Data Service Performing well against utilisation measures.
Understanding Society Survey and data releases on track.

Source: National Audit Office analysis

3.12 We found that the technical hub at the European Bioinformatics Institute is not
being used to capacity in all areas. The hub has a number of functions including a
training suite for running courses on using bioinformatics data. Demand for training
outstrips supply, but funding constraints have affected the Institute’s capacity to use the
training suite to deliver face-to-face training. On-site training has declined since 2012
while online training courses have increased. The Institute intends to request resources
to expand on-site training further as part of future funding applications.

How BIS evaluates whether scientific and economic benefits
are being achieved

3.13 Evaluating the operational performance and impact of science projects is
challenging. The scientific, societal and economic returns from investment in science
projects are often long-term and it is difficult to put a value on ground-breaking research.
There are also costs associated with carrying out in-depth assessments of impacts
achieved. However, taking a systematic approach to evaluating impact will help BIS
assess whether projects are delivering what was expected, learn lessons and inform
future spending decisions.
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3.14 We found that BIS does not have a systematic approach to assessing
whether operational projects are delivering benefits across its portfolio. While some
research councils are strengthening how they assess whether projects realise their
intended benefits, and research councils undertake a range of activities to assess
impact, we identified opportunities for BIS to improve evaluation by taking a more
consistent approach:

e  Out of 20 business cases we reviewed, 9 did not include a plan for realising
benefits once the project was operational. If benefits realisation plans are
developed at the outset, it will be easier to assess whether projects are delivering
what was intended.

e Many projects use case studies to evaluate the scientific impact. While case
studies are a good way of illustrating specific successes, they may not always allow
BIS to measure whether the project has achieved what it set out to.

e Many projects are expected to lead to economic benefits but BIS does
not always calculate the economic benefits arising. The Biotechnology and
Biological Sciences Research Council’s analysis of the impact of its £137 million
investment into the Babraham Research Institute and campus development
suggests that it has helped to create 6,673 jobs and generated £298 million of
Gross Value Added to the UK economy. There are plans to assess the economic
impacts of the European Bioinformatics Institute and the UK Data Service. The
HECToR supercomputer was subject to an impact assessment, helping make
the case for its successor, ARCHER, but economic benefits were not quantified.
While it may not always be proportionate or possible to carry out a full economic
appraisal, in some cases an assessment will allow BIS to demonstrate that
economic benefits are being realised and support the case for further investment.

e BIS’s ‘Gateway 5 review’ is usually carried out only 1 year after the project
becomes operational. The Gateway 5 review is intended to confirm that the
desired benefits are being achieved. But while it provides an early indication
of how projects are performing, the review may be too soon in a project’s lifetime
to evaluate impact. Furthermore, it is unclear how rigidly the Gateway 5 process
is applied. Of the 17 projects we examined, 3 have so far been subject to a
Gateway 5 review.
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3.15 BIS uses an economic model to project the long-term economic impact of

its investment in science projects and to support the case for future investment.

BIS assumes that the general rate of return for publicly funded scientific research will
be 20%, based on an academic review published in 2014. BIS’s model takes into
account project-specific factors such as the level and profile of government and private
sector funding, but does not quantify the specific economic benefits that may arise due
to the features of individual projects.

3.16 BIS’s model allows a calculation of the potential return from investing in a portfolio
of projects and was accepted by HM Treasury as support for its 2015 Spending Review
bid for capital science funding. However, it differs from a framework designed to evaluate
large science infrastructure projects, which has been used to evaluate the economic
impact of the Large Hadron Collider at CERN. BIS could draw on this approach in cases
where an economic assessment of an individual project is needed.'

19 M Florio and E Sirtori, ‘The Evaluation of Science infrastructures: A Cost-Benefit Analysis Framework’, Working
Paper n. 2014-10, Department of Economics, Management and Quantitative Methods, University of Milan,
December 2014. Study sponsored by the European Investment Bank Institute as part of its University Research
Sponsorship programme.



BIS’s capital investment in science projects Appendix One 41

Appendix One

Our audit approach

1 We examined whether the Department for Business, Innovation & Skills (BIS) can
demonstrate that it is achieving value for money from its investment in science projects.
The report covered:

e large facilities and other national and international capital projects managed by
the research councils and UK Space Agency, including projects we examined in
our 2007 report, as well as subsequent major projects managed by the research
councils.2® We did not cover the research councils’ capital expenditure on smaller
projects, minor upgrades, capital grants or their estates; and

®  projects managed by the Higher Education Funding Council for England (HEFCE)
through its UK Research Partnership Investment Fund (UKRPIF).2' We did not cover
the capital funding HEFCE allocates directly to higher education institutions for
smaller research facilities or equipment.

2  Together, the expenditure within the scope of the study comprises just over half of
BIS’s total annual capital science budget in 2014-15.

3  While other government departments (including the Ministry of Defence, the
Department of Health, the Department for Environment, Food & Rural Affairs, the
Department for Transport, the Department of Energy & Climate Change and the
Department for International Development) also fund research to meet their own policy
objectives, this report focuses on science projects funded by BIS through its partner
organisations, in particular the research councils and HEFCE. Catapult centres managed
by Innovate UK are outside the scope of the report. The merits of the scientific case
underpinning science projects do not form part of this report.

20 We have broadly defined major capital projects as those exceeding a total of £2 million capital value.

21 The UKRPIF supports large-scale capital projects from higher education institutions with a track record of research
excellence, providing that they secure at least double funding from co-investment sources (business, charities or
endowments). Capital funding from UKRPIF varies between £10 million and £35 million for any individual project.
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4 We examined:

e whether BIS has a long-term strategy for prioritising its investment in science
capital projects that clearly articulates its objectives and future direction;

e  whether BIS has prioritised investment in the projects most likely to add value
and which are consistent with its strategy; and

e  BIS’s evaluation of whether science capital projects are achieving anticipated
benefits and delivering long-term impact.

5  Our audit approach is summarised in Figure 22. Our evidence base is described
in Appendix Two.
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Figure 22

Our audit approach

Government’s/
Department’s
objective

How this will
be achieved

Our study

Our evaluative
criteria

Our evidence

(see Appendix Two
for details)

Our conclusions

The government invests in science to support economic growth, improve national productivity and help the

UK take the lead in new markets.

y
s N
BIS has overall responsibility for the government’s investment in scientific infrastructure managed by its partner
organisations including the research councils and HEFCE.
N J
\4
s N
This study examined whether BIS can demonstrate it is achieving value for money from its investment in
science projects.
N J
\4 \4 \4
BIS has a systematic and Decisions to fund individual Performance and impact of
evidence-based process projects are supported by operating facilities are evaluated
for deciding capital good-quality information. in line with good practice.
spending priorities.
\4 \4 \4
s s e N
We identified whether BIS has a We assessed the quality of We assessed how performance
strategy for capital spending by: information by: and impact are evaluated by:
e reviewing previous NAO e reviewing a sample of BIS e analysing performance
reports on the topic; business cases; data (including operational
performance metrics,
e reviewing documents e reviewing documentation benefits realised and impact
relevant to understanding supporting the business case assessments) for a sample
BIS’s approach to approval process; of operational facilities;
prioritisation and the L
processes it has used e reviewing a sample of e visiting a sample of
to prioritise projects; HEFCE's UK Research operational facilities and
, o Partnership Investment interviewing facility managers;
e interviewing departmental Fund projects; and
officials at BIS, research e interviewing BIS
councils and HEFCE; and e interviewing departmental departmental officials; and
officials at BIS and HEFCE.
® seeking views from ® reviewing published
key stakeholders. literature on how other
organisations assess impact.
N N N J
A4 \4 A4
e 7
In 2014-15, BIS’s capital spending on science was above £1 billion and the 2015 Spending Review confirmed
that this level of spending would be maintained up to 2021. Many projects have been delivered on time and within
budget, have high levels of demand and have made notable scientific impacts. However, since 2010 BIS has
lacked a clear process for deciding which projects are investment priorities, and BIS’s processes for prioritising
projects and taking spending decisions have not been consistently supported by good-quality information such
as what projects could cost to run. BIS also lacks adequate analysis of whether its investment in a portfolio of
science capital projects is optimising scientific and economic benefits. We regard these shortcomings as avoidable
and undermining of BIS’s ability to prioritise and deliver value for money across the range of its capital funding of
scientific research.
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Appendix Two

Our evidence base

1

We reached our independent conclusions on whether the Department for

Business, Innovation & Skills’ (BIS) investment in science projects delivers value for
money following our analysis of evidence collected between May and November 2015.
Our audit approach is outlined in Appendix One.

2

We identified whether BIS has a strategy for deciding its scientific capital

spending priorities:

We drew on evidence from our previous work, namely our 2007 report

Big Science: Public investment in large scientific facilities.?? This allowed us

to understand BIS’s approach to prioritising capital spending on major scientific
facilities until 2007.

We reviewed documents from BIS, the research councils and other published
documents to understand how BIS has decided capital spending priorities

from 2007 onwards. These included roadmaps published between 2007 and

2010, budget statements, long-term plans for science (for example, the ‘8 Great
Technologies’), the research councils’ 2012 strategic framework for scientific capital
investment, and strategies and roadmaps setting out investment priorities for the

‘8 Great Technologies’ (where available).

We reviewed the documents supporting the 2014 capital consultation to
understand BIS’s approach to prioritising scientific capital spending since 2014.
This included reviewing the documents that set out the capital consultation; the
documents supporting the prioritisation exercise, including the scoring process
against decision-making criteria and minutes of the meetings of the Ministerial
Advisory Group; as well as the resulting 2014 capital roadmap and the 2014
science and innovation plan for growth.

We reviewed Higher Education Funding Council for England (HEFCE’s)
documents supporting the appraisal and approval process of the UK Research
Partnership Investment Fund (UKRPIF).

22 Comptroller and Auditor General, Big Science: Public investment in large scientific facilities, Session 2006-07, HC 153,

National Audit Office, January 2007.



3

BIS’s capital investment in science projects Appendix Two 45

We carried out semi-structured interviews with BIS’s departmental officials
and research councils’ representatives to help us understand the capital
consultation process.

We spoke with representatives from stakeholder groups, namely the
Royal Academy of Engineering and The Royal Society.

We assessed the quality of information supporting investment decisions. This

comprised: (a) an examination of a sample of 20 business cases for major projects that
were approved and funded between 2007 and 2015; and (b) the information that HEFCE
used to support decision-making for its UKRPIF.

a

We took the following approach to examining business cases supporting
decisions on major projects:

In the absence of a comprehensive list of capital science projects funded by
BIS and the research councils, we developed a list of projects with reference
to a variety of sources including published roadmaps and announcements of
new projects. We sought the views of the research councils on the accuracy
and completeness of the list that we developed.

We used the list to select a sample of 20 projects (36% of the total number
identified) which had been approved for funding since publication of our
previous report in 2007. We selected the sample to cover a broad range of
projects. Specifically, the sample included some projects that are already
operational as well as projects that are not yet operational and were approved
at various points between 2007 and 2015. We also ensured that our sample
included a range of projects of different types and value, and covered projects
managed by each research council and the UK Space Agency. For example,
our sample included projects to build research institutes, upgrades to existing
facilities, investments in survey instruments, supercomputers and ships, and
participation in international as well as UK projects. We shared our sample
with BIS and, for each project, requested the final business case supporting
the investment decision. The 20 projects we selected are listed at Figure 10.

We examined whether the business cases contained key information,
specifically considering: (1) whether alternative options were identified and
assessed; (2) whether the costs of running the project once operational had
been estimated and assessed as affordable; (3) whether the potential demand
for the project had been considered; (4) whether a plan had been developed
for measuring whether benefits had been realised; (5) whether the return

on investment had been calculated; and (6) whether sensitivity analysis had
been conducted on costs and benefits. We selected these categories with
reference to HM Treasury’s Green Book and its supplementary guidance,
which emphasises the importance of well-prepared business cases to
support evidence-based decisions.??

23 HM Treasury, Delivering public value from spending proposals, 2013.
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For each category, we developed a set of criteria and ratings to assess
and evaluate the completeness of information in each business case
(Figure 23 on pages 48 and 49). The objective of rating the business cases
was to give an indication of relative completeness and trends over time.

We recognise that rating the business cases required judgement so to
ensure that we assessed information in a consistent manner, we developed
a standard template to capture the results of our examinations. This was
followed by a moderation exercise where we reviewed the assessments

for consistency. In addition, our assessment criteria and ratings have

been subject to an internal quality assurance review.

b  To review the information that HEFCE used to support decision-making for its
UKRPIF, we selected a sample of 8 bids approved between 2012 and 2014. The
sample included a range of projects, across funding rounds, of different types
and scale. The projects were:

Cancer Research Development at the University of Manchester;
Multidisciplinary Characterisation Facility at the University of Manchester;
Graphene Engineering Innovation Centre at the University of Manchester;
Oxford Target Discovery Institute at the University of Oxford;

Big Data Institute at the University of Oxford;

National Automotive Innovation Campus at the University of Warwick;
Casting and Simulation Research Facility at the University of Birmingham;

Research and Translation Hub at Imperial West Technology Campus,
Imperial College of London.

¢ We conducted semi-structured interviews with officials at BIS, research councils
and HEFCE to support and triangulate the evidence collected from the review of
business cases and bids for the UKRPIF.

4  We reviewed data on project delivery performance:

e \We compared actual project costs with the costs expected at project approval
and actual delivery dates with planned delivery dates.

e Asthe report focused on wider issues, while we reviewed the data we did not
carry out a detailed validation of the data BIS reported.
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5 We assessed how performance and impact of operating facilities
are evaluated.

e \We analysed performance data for 17 operational facilities. These are listed in
Figure 18 and Figure 20.

The sample was not selected to be representative of the full population.
Instead, we wanted to cover most of the operational projects we reviewed
in our 2007 report, plus a selection of subsequent operational projects.
These additional projects included a range of projects of different types and
size, and covered projects managed by each research council. We shared
and discussed our selection with BIS and the research councils.

Where data were available, we examined performance over time against
baseline and target.

We examined oversight and monitoring of performance and project delivery.
We examined whether impact has been assessed and how it has been done.

e \We carried out 7 site visits or phone interviews with facility managers to
supplement our analysis of performance data. This gave us views on the possible
reasons for variations between actual and expected performance, as well as a
better understanding of the facilities’ oversight and monitoring process.

e We conducted semi-structured interviews with BIS analysts to understand
BIS’s approach to assessing the impact and value of its investments.

e  We reviewed published literature on how other organisations, in the UK and
overseas, assess long-term scientific and economic impacts.

We conducted a rapid evidence assessment of the published literature,
which followed the same structure of a systematic literature review but

made use of a defined list of inclusion and exclusion criteria to make it

less resource-intensive.

We contrasted BIS’s approach to assessing long-term impacts with the
European Investment Bank-funded framework for assessing investments

in large-scale research projects. This case example was selected because
it: (@) provided information about the types of benefits and costs relevant

to assessing research facilities; (b) offered guidance on how to value costs
and benefits; and (c) could be used as a tool for evaluating research facilities
already in operation.
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Figure 23

Business case analysis: assessment criteria and ratings

Category Alternative options assessed Running costs estimated and Potential demand evaluated

funding/affordability confirmed

Definition Analysis of alternative options Analysis of all relevant running costs Consideration of the need for
with sufficient information to over an appropriate timeframe the investment and information
support selection. (not necessarily the entire project to support the potential demand

lifetime) and consideration of the (for the facility and its capability)
source of funding. from the scientific community,
academia and industry.

Comprehensive Alternative options are identified, There is a comprehensive There is clear evidence of
there is detailed analysis of the breakdown in support of estimates the need for the investment.
costs and benefits or selection and assumptions, profiled over a Potential demand has been
criteria supporting each option, reasonable timeframe, supported quantified and there is detailed
and the rationale for the chosen by reasonable certainty of the analysis to support capacity and
option is clear. sources of funding and affordability. capability needs.

Adequate Alternative options are identified Running costs have been estimated Some evidence in support of
and supported by partial analysis and are partially supported by the investment. Partial analysis
of each option, and the rationale evidence and analysis. There may of capacity and capability
for the chosen option is clear. be a lack of itemisation, or a lack needs (which may include some

of clarity about the assumptions elements of quantification).
that have been made, or a lack

of certainty about the sources of

funding and affordability.

Limited There is some discussion of Either top-level running costs Limited evidence of the need for
alternative options but there have been estimated but there is the investment. There is some
is no analysis of the costs and no certainty about the sources discussion of the strategic or
benefits or selection criteria, of funding and affordability, or economic importance of the
and the rationale for the chosen running costs have not been investment but an absence
option is unclear. estimated but the business case of analysis and quantification

states an expectation that costs in support of capacity and
are affordable and can be met capability needs.
within existing budgets.

Absent No alternative options No estimate of running costs and No consideration of

are identified.

Source: National Audit Office analysis

no assurance about how they will
be met.

potential demand.
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Sensitivity analysis of costs
and benefits

Analysis of the extent that costs
and benefits are sensitive to changes
in assumptions.

Plan for tracking and assessing
benefits realisation

Consideration of the expected benefits
and details of the metrics which will
measure and track their realisation.

Return on investment estimated

Calculation of the return on investment
and sufficiency of information to support
the investment decision.

Sensitivity analysis conducted for costs
and benefits for a range of scenarios.

There is a plan for realising benefits
that sets out the benefits the project

is expected to achieve, defines metrics
for measuring benefits, and how

they will be tracked and monitored,
and sets targets and indicates a time
horizon for when benefits are expected
to be realised.

There is comprehensive supporting
economic analysis. Estimates are
provided, the methods and assumptions
are explained and seem reasonable
given the nature of the project.

Partial sensitivity analysis conducted
for some elements, eg costs or benefits
but not both.

There is a plan for realising benefits
that sets out the benefits the project

is expected to achieve, and how they
will be measured and tracked, but

it does not include targets and/or a
timeline of when benefits are expected
to be realised.

Economic analysis is present but is
incomplete in some way (eg estimates
are stated but underlying analysis,
assumptions etc are not present, or
economic benefits quantified but not
a detailed economic analysis).

No sensitivity analysis but some
discussion about risks or alternative
scenarios which may affect costs
or benefits.

There is some discussion of the benefits
the project is expected to achieve but
does not set out how benefits will be
measured and tracked, or set targets.

There is some discussion of economic
benefits but they are not quantified.

No sensitivity analysis.

No benefits realisation plan or mention
of the expected benefits.

No return on investment calculated and
no discussion of economic benefits.
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Appendix Three

Scope of the review

1 This appendix provides a list of all projects identified as being within the scope
of the study. It provides details of planned and actual capital investment, planned and
actual year of operation, and annual operating costs where applicable.

2  The following figures include data on the projects we examined in 2007 (Figure 24),
data on subsequent capital projects funded by the Department for Business, Innovation
& Skills (BIS) or its partner organisations (Figure 25 on pages 52 to 55), data on
international projects where BIS has provided or committed to provide capital funding
(Figure 26 on page 56), and the Higher Education Funding Council for England’s
(HEFCE’s) capital investment in the UK Research Partnership Investment Fund

(Figure 27 on pages 57 and 58). Project information was provided by BIS and the
research councils during the course of our study and confirmed as accurate as at
February 2016.
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Figure 25
Subsequent capital investment in UK projects

Project

Administrative Data Research Network
Agri-Science Campus Developments Centre
Alan Turing Institute for Data Science

ARCHER High Performance Computer
Babraham Research Campus

Campus Developments — Harwell Space Cluster, Technology Hubs
Centre for Longitudinal Studies (CLS)

Clinical Research Infrastructure

CLOSER (part of the Birth Cohort Facility Project)
Diamond Light Source Phase 3

E-Infrastructure0

FAAM BAE 146 Aircraft

Farr Institute of Health Informatics and other medical
bioinformatics-related investments

Francis Crick Institute
Hartree Centre Phase 1

Hartree Centre Phase 2
Hartree Centre Phase 3

Higgs Centre

HYLAS Broadband Demonstration Satellite3
Imaging Centre of Excellence

Inspiring Science Capital Fund

ISIS Phase 2 (new instruments)

Life Study (part of the Birth Cohort Facility)

Planned capital investment
by BIS at project approval

(£m)
34.0
30.0
20.0
42.0
44.0
35.0
29.7
15.02
5.0
97.7
165.0
15.0

55.0

330.0
37.5

19.0

115.5

10.7

16.0

20.0

21.7

33.5

Actual (or forecast)
capital investment

(Em)
42,07
30.0
20.0
42.0
440
35.0
35.97
15.0
5.0
97.7
165.0
9.5

55.0

330.0
37.5

19.0

115.5

10.7

16.0

20.0

21.7

9102
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Planned year of operation Actual year of operation Annual operating costs paid
at project approval by BIS in 2014-15
(Em)
2014 2014 7.6
2017 2018 n/a
2015 2015 Not operational
2013 2013 6.1
2015 2015 n/at
2015 2015 Not operational
2010 2010 3.8
2016 2016 Not operational
2012 2012 1.0
2017 2018 Not operational
Various Various n/att
2014 2014 6.7
2013 2013 0.3
2015 2016 Not operational
2012 2012 3.0
2012 2012 Included in Hartree Centre
Phase 1
2015 2015 Included in Hartree Centre
Phase 1
2016 2017 Not operational
- 2010 -
2016 2017 Not operational
2016 2016 Not operational
2015 2016 Not operational

2017 2017 ESE
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Figure 25 continued
Subsequent capital investment in UK projects

Project Planned capital investment Actual (or forecast)
by BIS at project approval capital investment
(Em) (£Em)
Lyell Centre 17.0 11.0
Marine Autonomous & Robotics Systems (MARS) and the 16.7 13.3
MARS Innovation Centre
Mega Amp Spherical Tokamak (MAST) Upgrade 30.0 31.4
National Centre for Ageing Science and Innovation 20.0 20.0
National Graphene Institute and other 47.0 47.0
graphene-related investments
National Nuclear Users Facility Phase 1 16.0 16.0
National Quantum Technologies Programme 75.0 75.0
New Polar Research Vessel 225.0 225.0
Norwich Research Park 26.0 26.0
NovaSAR (Synthetic Aperture Radar) satellite ® 21.0 21.0
Oceanographic Research Ship 75.0 711
Pirbright Institute Development Phase 2 120.0 120.0
Quadram Institute 50.0 50.0
Synergetic Air-Breathing Rocket Engine (SABRE) 60.0 60.0
Synthetic Biology for Growth Work Package 50.0 50.0
UK Collaboratorium for Research in Infrastructure and 138.0 138.0
Cities (UKCRIC)
UK Data Service 156.3 21.87
Understanding Society 64.4 80.97
Total 2,257.7 2,253
Notes

1 As the facility sits outside public sector boundaries, BIS is not responsible for operating costs.

2 Atotal investment of £170 million in Clinical Research Infrastructure is funded by the Department of Health and the Welsh Government

as well as the Medical Research Council.

HYLAS was operational before the UK Space Agency (UKSA) was formed. The UKSA is unable to provide full information on this project.

Although the Life Study project did not become fully operational, operating costs have been incurred in relation to preparatory and

pilot phases of work.

The investment did not include any contribution by BIS towards operating costs.
The UKSA is unable to provide full information in support of the NovaSAR project.
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Planned year of operation Actual year of operation Annual operating costs paid
at project approval by BIS in 2014-15

(Em)

2015 2016 Not operational

2015 2015 Not operational

2016 2016 Not operational

2019 2019 Not operational

2014 2015 n/as

2013 2013 n/as

2014 2014 n/as

2019 2019 Not operational

2014 2014 n/al

- - Not operational

2013 2013 6.7
2016 2016 n/at
2018 2018 Not operational
2019 2019 Not operational
2015 2016 n/al
20198 2019 Not operational
2012 2012 2.7
2011 2011 11.0

50.8

7 Actual or forecast investment supports and/or enhances objectives beyond the original project specification.
8 UKCRIC is a series of projects and some are planned to be operational in advance of 2019.
9  Life Study will end in 2016. Sunk costs are expected to be around £9 million.

10 Includes various e-infrastructure projects relating to networks, big data, software development and high performance
computing capability.

11 Given the range of projects covered by the programme, and the number of research councils involved in supporting
and managing the projects, operating cost data were not readily available for those projects operational in 2014-15.

Source: National Audit Office analysis
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Figure 26
Capital investment in international projects'
Project Capital funding by Year of operation BIS contribution to
BIS since 2007 operating costs in
(£m) 201415
Dipole Laser for 4.2 2018 Not operational

X-FEL Consortium

European Space Agency 388.13 Various 162.0
(ESA) mandatory and
optional programmes?2

European extremely 80.0 2024 Not operational
large telescope

European Life Science 75.0 20194 n/as
Infrastructure for Biological

Information at the European

Bioinformatics Institute

European Social 3.2 2001 1.3
Survey (ESS)

European Spallation Source 165.0 2023 Not operational
European Synchrotron 14.0 1994 6.0
Radiation Facility (ESRF)

European X-Ray Free 30.0 2017 Not operational
Electron Laser

Galileo Security 3.0 2017 Not operational
Monitoring Centre

Institut Laue-Langevin (ILL) 27.3 1971 12.0
International Partnership 9.0 Various 17.0

Space Programme

JASON CS (Continuity 16.2 2020 Not operational

of Service)

Large Hadron Collider 5.0 2008 105.7

at CERN

M3 Mission (Plato) 25.0 2024 Not operational
Square Kilometre Array 110.0 2020 Not operational
Total 955.0 304.0
Notes

1 Anyinternational projects where BIS has either made, or committed to make, a contribution to capital funding

since 2007.

2 The UK Space Agency (UKSA) contributes funding to a number of mandatory and optional ESA programmes.
We have included the total amount of capital funding to all of these programmes since the UKSA came into
being in 2011.

3  This amount includes £47.7 million of capital funding for the European Rover 2018 mission to Mars.

The investment funded a Technical Hub and a Data Capacity Centre. The Technical Hub has been operational
since 2013.

5  As the facility sits outside public sector boundaries, BIS is not responsible for operating costs.

Source: National Audit Office analysis
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Figure 27

Capital investment in the UK Research Partnership Investment Fund

Project

Advanced Metal Casting Centre

Advanced Propulsion Research
Laboratory

Advanced Steel Research Hub

Aerospace Integration
Research Centre

The AMRC Factory 2050
Big Data Institute
Building a New Biology

Casting and Simulation
Research Facility

Centre for Children’s Rare
Disease Research

Centre for Tissue Repair

Centre for Translational and
Interdisciplinary Research

Centre of Excellence in
Sustainable Chemistry

Chemistry of Health

Clinical research facilities for
stratified medicine

Continuous manufacturing
and crystallisation research for
pharmaceutical products

Energy Safety Research Institute

Experimentation facilities in
engineering science

Graphene Engineering
Innovation Centre

Imperial West
Technology Campus

Funding allocated
(£Em)

15.0

14.5

14.5

10.0

10.0
10.0
15.0

20.0

10.0

10.7

11.9

10.4

17.6

10.0

1.4

10.0

15.0

35.0

Recipient

Brunel University

University of Warwick

University of Warwick

Cranfield University

University of Sheffield
University of Oxford
Edinburgh University

University of Birmingham

University College London

Edinburgh University

University of Dundee

University of Nottingham

Cambridge University

University of Glasgow

University of Strathclyde

Swansea University

University of Southampton

University of Manchester

Imperial College, London
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Figure 27 continued
Capital investment in the UK Research Partnership Investment Fund

Project Funding allocated Recipient

(Em)
Institute of Health Sciences 10.5 Queen’s University, Belfast
Institute of Immunity and 111 University College London

Transplantation

Institute of Immunology and 25.0 Cambridge University
Infectious Disease

Materials Innovation Factory 11.0 University of Liverpool
Maxwell Centre 21.0 Cambridge University
Multidisciplinary 18.0 University of Manchester

Characterisation Facility

The National Automotive 15.0 University of Warwick
Innovation Campus

Neurological and Psychiatric 10.0 King’s College London
Imaging Research and
Therapeutics Hub

The Oxford Target 10.0 University of Oxford
Discovery Institute

Paterson Institute for 12.8 University of Manchester
Cancer Research

Precision Cancer 35.0 University of Oxford
Medicine Institute

Research and innovation 15.0 King’s College London
hub in cancer

Research Foundation in 17.3 Cardiff University
Compound Semiconductor

Technology

Structural Integrity 15.0 Brunel University
Research Centre

5G Centre 11.6 University of Surrey
Total 501.0

Source: Higher Education Funding Council for England
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