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UPDATE

British Antarctic Survey research finds sea level rise set to increase

The West Antarctic Ice Sheet will
continue to increase its rate of melting
over the rest of the century, no matter
how much we reduce fossil fuel use,
according to British Antarctic Survey
(BAS) research published in the journal
Nature Climate Change. A substantial
acceleration in ice melting likely cannot
now be avoided, which implies that
Antarctica’s contribution to sealevel rise
could increase rapidly over the coming
decades.

Scientists ran simulations on the UK’s
national supercomputer to investigate

ocean-driven melting of the West Ant-
arctic Ice Sheet: how much is unavoidable
and must be adapted to, and how much
melting the international community
still has control over through reduction
of greenhouse gas emissions.

Taking into account climate variabili-
ty like El Nifo, they found no significant
difference between mid-range emissions
scenarios and the most ambitious targets
ofthe 2015 Paris Agreement. Even under
abest-case scenario of 1.5°C global tem-
perature rise, melting will increase three
times faster than during the 20th century.

The West Antarctic Ice Sheet islosing
ice and is Antarctica’s largest contribu-
tor to sea-level rise. Previous modelling
finds this loss could be driven by warm-
ing of the Southern Ocean, particularly
the Amundsen Sea region. Collectively
the West Antarctic Ice Sheet contains
enough ice to raise global mean sea-level
by up to five metres.

Around the world millions of peo-
ple live near the coast and these com-
munities will be greatly impacted by
sea-level rise.
www.bas.ac.uk

UK launches Al
Safety Institute

The UK’s AI Safety Institute was
launched on 2 November, the second
day of a global conference at Bletchley
Park bringing together Al nations,
organisations and experts to discuss the
global future of AT and work towards a
shared understanding of risks.

After four months of building a team
to evaluate the risks of frontier AI mod-

els, it has been confirmed that the Fron-
tier Al Taskforce will now become the AI
Safety Institute, with Ian Hogarth con-
tinuing as its Chair. The External Advi-
sory Board for the Taskforce, made up of
industry figures from national security
to computer science, will now advise the
new global hub.

The Institute will test new types of
frontier AI before and after they are
released, in order to address potential-
ly harmful capabilities of AI models,
including exploring all the risks, from

social harms like bias and misinforma-
tion, to the most unlikely but extreme
risk, such as humanity losing control
of AI completely. In undertaking this
research, the AT Safety Institute will look
to work closely with the Alan Turing
Institute, the national institute for data
science and Al

Already, the UK has agreed two part-
nerships: with the US Al Safety Institute,
and with the Government of Singapore
to collaborate on Al safety testing — two
of the world’s leading AI powers.

Astronomer Royal
wins Copley Medal

Renowned astrophysicist and cos-
mologist, Martin Rees, has been named
this year’s recipient of the world’s oldest
and most prestigious scientificaward. The
Royal Society’s Copley Medal, awarded for
sustained, outstanding achievements in
any field of science, was first awarded in
1731. Previous recipients have included
Louis Pasteur, Dorothy Hodgkin, Albert
Einstein, and Charles Darwin.

Lord Rees, a Fellow and former Pres-
ident of the Royal Society, and the UK’s
current Astronomer Royal, is one of the
most distinguished theoretical astro-
physicists of his generation and was cho-
sen for his many and varied conceptual
breakthroughs over several decades, with
influence spreading far beyond the spe-
cialist academic community.

Lord Rees is also a member of the
Council of the Foundation for Science
and Technology.
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New consortium to develop UK Biobank

Former CEO and Chairman of Google
Eric Schmidt, and Ken Griffin, founder
and CEO of Citadel and founder of
Griffin Catalyst, have been announced
asthe first members of a new consortium
that will shape the future of the UK
Biobank, starting with £16 million
funding matched by Government.

Their donations will support UK
Biobank to grow its wealth of health
data, to enable research unlocking
the next steps in the understanding of
health and disease. This could include
using AT’s ability to rapidly analyse large
quantities of data to draw new insights
from UK BiobanKk’s data, such as in the
analysis of cancer samples.

UK Biobank aims to be the world’s
most significant resource for health
research, and is one of the country’s
important scientific assets. It is a data-
base of in-depth genetic, health and
lifestyle information from half a mil-
lion UK volunteers, giving approved

R — 5
researchers worldwide access to an
unparalleled source of data that is
enabling medical breakthroughs, from
treating cardiac disease to Alzheimer’s.
The more than £16 million ($20 mil-
lion) being donated by Eric Schmidt
and Ken Griffin will be matched by the
Government, which will provide up to
£25 million in funding in total for the
UK Biobank, provided that an equal
amount of private and philanthropic
donations is also secured. The ultimate
aim is to achieve at least £50 million in
contributions for UK Biobank.
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GUEST EDITORIAL

The announcementthatthe UKwill finally associate to Horizon Europe marked the end of along and drawn
outperiod of deliberations following the UK’s departure from the European Union.

Rebuilding international
research collaboration

Adrian Smith

between the UK Government and the EU

Commission enabling the UK to associate to
Horizon Europe. It was close to three years after
the principle of association for the UK was
agreed as part of the Trade and Cooperation
Agreement and over seven years since the UK
voted to leave the EU.

It has taken a long time but throughout that
period the research community has been stead-
fast in arguing the case for association. That was
because of the value of the EU programmes -
research programmes that have been built up over
decades. The networks, collaborations and infra-
structure that have been established would have
been incredibly difficult to replace - Horizon
Europe peer review draws on a pool of 30,000
experts from 34 countries. It was also because of
the prestige and competitiveness of Horizon
grants thatattracts the best of UK scientific excel-
lence and is a springboard to wider international
collaboration. And it is one of the world’s biggest
programmes at around €95 billion over 7 years.

In September, an agreement was reached

International collaborators

Science is global but Europe is the UK’s largest
and fastest-growing scientific collaborator in
terms of co-authorship. Six out of the 10 strongest
international collaborators of the UK are Europe-
an countries with more than a third (33.5%) of
UK research papers co-authored with other EU
and associated countries, compared with 17.6%
with the USA.

Given that we have now secured association, I
am keen to look forward to how we make a success
of the relationship, but it is also worth briefly
reflecting on the damage done by delays. Despite
the UKRI guarantee, we have still lost a significant
number of good people who decided to take their
grants elsewhere. The guarantee served a vital role
inkeeping funding flowing to UK-based research-
ers and maintaining a reasonable level of partici-
pation, with applications continuing to be submit-
ted and reviewed. That reflected the commitment
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on both sides to keep the door open, a commit-
ment whose importance should not be underesti-
mated. However, applications have dropped and
expertise in dealing with EU funding has been
lost, so there is still recovery work to be done.

UK-based researchers have had to take a back
seat on collaborations and that has harmed our
leadership role. There was also the £1.6 billion
allocated for association that was unspent over
the past two years and which has been clawed
back by the Treasury.

In the predecessor to Horizon Europe, Hori-
zon 2020, the UK was a net beneficiary, securing
12.1% of the nearly €60 billion funding. The UK’s
science base is still incredibly strong and so we
should be looking to hit the ground running on
our full return to Horizon Europe. The UK must
continue to be a magnet for people and ideas -
and Horizon Europe can be a conduit for that. We
all need to focus on the opportunities available
and go out there and grasp them.

We will be supported in this effort by our col-
leagues across Europe. The support of research-
ers, research institutions and our sister academies
across the Continent for UK association was
immense and for that we are very grateful. That
support was built on a desire to continue to work
together. We must take full advantage of that and
quickly rebuild any relationships and collabora-
tions that may have suffered in recent years.
Those doors will be open.

I think the main reason association was
secured was the general recognition, on all sides,
that it was a win-win, not just for the research
community but for everyone. We all benefit from
the progress that research brings. Cure rates for
British children with leukaemia are being
improved as a result of the IntReAll project
involving researchers from Germany and the
University of Manchester. Clean buses with zero
emissions operate in London and Aberdeen
thanks to the UKs participation in hydrogen fuel
cell projects funded by the EU. Oxford Nanopore,
an Oxford University spin-out ‘unicorn’ which

SirAdrian Smithisthe
President of the Royal
Society and previously
served as Institute Director
and Chief Executive of The
AlanTuring Institute. He

is amathematician with
expertise in Bayesian
statistics. Adrian’s
comprehensive publications
ondiverse areas of Bayesian
statisticshave had a
majorimpact on statistical
practice in awide range of
disciplines and application
areas. Between 2008-2012,
he was Director General,
Knowledge and Innovation

in BIS (now BEIS) and has
previously worked with the
UKHigherEducation Funding
and Research Councils.
Adrianis Chair ofthe Board
ofthe Diamond Light Source
andisalso a board member
ofthe UK Atomic Energy
Authority.
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Aresearcher using
Oxford Nanopore’s
MinION device for
genomic sequencing
of the Covid-19 virus
atthe Quadram
Institute, Norwich.
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developed a new generation of DNA sequencing
technology to monitor diseases and detect cancer
owes many of its sequencing advances to the
EU-funded international READNA consortium,
which brought together researchers from 16 aca-
demic and industrial institutions.

This win-win has been long recognised but
one of the challenges of getting association over
the line was the value-for-money case. As I said
before, in the predecessor to Horizon Europe the
UK was a net beneficiary, securing 12.1% of the
nearly €60 billion funding. The Government has
accepted the value-for-money case and secured
what it considers to be a good deal for the taxpay-
er —-now UK researchers need to go out and prove
it is a good deal by taking full advantage of the
opportunities. We need that case to be well made
in order to ease the process for associating to the
next Framework Programme.

So association is secured and that is great
news but there are still barriers to collaboration
and the flow of people and ideas. Our expensive
visa process sends the wrong message and we
have to continue to make the case to Government
of the need to be at least more competitive with
other countries and at best to make it easier for
the best talent to want to come to the UK ahead
of other destinations.

The UK also needs to make clear that we have
along-term vision for putting research and inno-
vation at the heart of our economy. We have great
strengths, built up over decades, but with other

countries looking to invest heavily to try and get
ahead of us, we can take nothing for granted. The
best way to attract talent and investment is to pro-
vide long-term stability.

Long term thinking will provide clarity on
priorities, encouraging investment. It will create
stable conditions to attract and retain the best
talent. It will allow us to pursue the most ambi-
tious research and commit to invest in research
infrastructure.

Ongoing association to Horizon programmes
is a great foundation but we can and should look
to do more. Science is global and our worldwide
collaborations and ability to attract talent must
be too. There appears to be political consensus
on the central role of research and innovation -
as we head into a possible election year, we need
to hear more from the parties on how they will
scale up investment over a minimum ten-year
timescale and create the right conditions for
innovation to thrive.

The EU’s research programmes have been
of huge benefit to the UK and so association
is a major victory. Now we have to move swiftly
to capitalise on that victory, not just by secur-
ing funding and building collaborations across
Europe but by using that as a springboard to
ever-wider collaborations. That is how we
will tackle the big global challenges and drive
growth athome. O
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CONTEXT

The 2023 IPPC report notes that the planet has already warmed
to 1.1° C above preindustrial levels, and itis likely warming

will exceed 1.5 ° C this century. Current national plans are not
sufficientto meet climate goals. Meanwhile, in the UK the Climate
Change Committee’s report of June 2023 suggests that the rate
of emissions reduction in the UKis too slow, so hitting our own
emissions targets will be very difficult. In addition, the Prime
Ministerannounced a relaxation of some climate-related policies

atthe Conservative Party Conference in October.

To discuss the issues facing the UK and the world, and in
advance of the COP28 Climate Conference in November 2023, the

Foundation for Science and Technology organised a discussion
on 11 October2023. The speakers were: Lord Deben, Former
Chair, Climate Change Committee; Professor Paul Monks,

Chief Scientific Adviser, Department of Energy Security and Net
Zero; Baroness Brown of Cambridge, Chair of the Adaptation
Committee, Committee on Climate Change and Chair, House

of Lord Science and Technology Committee; and ProfessorJim
Skea, Chair, Intergovernmental Panel on Climate Change. Avideo

recording, presentation slides and speaker audio from the event

are available on the FST website: www.foundation.org.uk/
Events/2023/Net-Zero-UK-and-global-progress

Time to retake global

leadership

John Gummer

SUMMARY

® The UKisfailing to meetits statutory targets

® (Creatingfictional disadvantaged groups will not
work

® Businesswants stability and ambition not
constantchange

® The UKhasledthe world on climate change but
thatleadership is underthreat

e Qthercountries see the opportunity even ifwe
choose notto.

he latest report of the Climate Change

Committee contained the sharpest lan-

guage of any of them, because we felt it
necessary to state plainly that the current Govern-
ment is not on course to reach net zero by 2050.
Nor is it on course to meet the targets it fixed for
2030. Any mathematician can see this.

Now the courts, under the Climate Change
Act, had required the Government to explain how
it was going to satisfy the statutory requirements.
The Government provided a large amount of
material in explanation which, unusually, they
did not supply to us in advance. We received it on
the day it was published. It took some time to read
through the material, but by the end the conclu-
sion was clear.

On a number of aspects we had previously
given them the benefit of the doubt, but the doc-
uments showed very clearly there was no doubt.
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The fact is, the UK is not on course to deliver its
commitments.

I have been in politics a long time. I recognise
that we are probably within a year of a general
election and people sometimes do silly things to
try to create a divide between themselves and
their opposition. In one election, Tony Blair was
portrayed in a way that made him look like the
devil: he manifestly was not an extremist, and it
was not a successful campaign.

Now though we are faced with a Prime Minis-
ter who says that he will refuse to do a number of
things. He says he is not going to have seven bins
in every home - I know of nobody who has ever
suggested that. He will not have a tax on meat —
nobody has ever suggested that. So those things
should not worry us.

What is worrying is the belief that somehow or
other we can reach net zero without anybody
being upset in any circumstances. There are
groups of people who are invented specifically to
be these disadvantaged individuals. One which is
a favourite of some newspapers is ‘the motorist’. I
know of nobody who defines themselves as a
motorist. It is an invented concept.

Put the date for EVs back to 2035 then - goes
the claim - nobody need worry, because motor-
ists can still buy secondhand cars which are not
EVsandthey canstill sell cars thatare not EVs. In
fact, this is precisely what is already in place with
the date at 2030. There is no change and, indeed,
the demands on the industry remain the same.

Further, companies that had adapted to meet

The RtHon John Gummer,
Lord Deben, is the founder
and Chairman of Sancroft
International, a consultancy
thatadvises both businesses
andinvestorson all areas

of Sustainability and ESG
(environmental, social and
governance performance).
Between2012 and 2023

he was Chairman ofthe
UK’sIndependent Climate
Change Committee. Lord
Debenwasalso the UK's
longest serving Secretary of
State forthe Environment
(1993-97) having previously
been Minister of Agriculture,
Fisheries, and Food.
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COP26in Glasgow:
the UK urged global
help for developing
countries to achieve
NetZero cleanly.

6 November2023, Volume 23(6)

L ARGOW
1508

UK: GLASGOW COP26 OPENIN

UK'S PRINCE CHARLES DELIVERS

coVID-19 | The giobal death ta
O A RIS E R il = & e kdald
existing Government targets were furious. The
chairman of Ford said: “We want governments
which have ambition and commitment, who stick
to the things they believe and have said they will
stick to” In other words, they need to have consis-
tency, commitment and ambition. I am afraid we
do not have a government which has any of those
three in sufficient depth.

Yet, we should not think that a change of gov-
ernment would necessarily be different. When
the Labour Party very rightly said it would not
support long term further exploitation of the
North Sea, the first organisations to attack the
commitment were their two biggest donors, the
GMB and Unite unions. It is a tough world, polit-
ically, to deliver net zero.

Politicians are much better at policy than
delivery. Yet it is delivery that the Climate
Change Committee has been pursuing. It is
delivery that the courts are now considering,
because thisis a statutory requirement under the
Climate Change Act.

Climate leadership

We ought to recognise the contribution this coun-
try has made towards global progress up to now,
which is why the Climate Change Committee had
to say that Britain has now ceased to be the leader.
We set the targets the world has now begun to
accept. We first committed ourselves to net zero in
2050. Meeting in Glasgow, it is the UK which said
to therest of the world, “We have to raise the money
to help the developing countries to move from
where they are to where they ought to be, without
the intervening and damaging dirty stage.”

OPENING ADDRESS AT COP26

We have every reason to be proud of our histo-
ry, not least, the all-party agreement on climate
change, invented by the Conservatives in opposi-
tion, which won over every other party and then
the Labour Government. There are now 16
nations that are following us because they see it as
the best available structure.

So my message is, first, that we have done more
than anyone else. Secondly, we are resiling and
that is both unconscionable and unacceptable.
The third message is that we have to win back the
momentum and that means winning the hearts
and minds of people in Britain. The Daily Mail’s
motorist cannot determine how we proceed.

We have to bring climate change back into
public debate and everyone has a part to play.
Language is important: kilowatt-hours do not
have the same impact as talk about bills.
The whole of the nation must understand that
this has to be fought now, immediately, with
urgency. It has to be fought in a way where the
UK leads the world instead of becoming tail-
end Charlie.

The world is changing. The Americans have
moved to a new place, the European Union has
moved to a new place. China has announced the
biggest move towards offshore wind, onshore
wind and photovoltaics of any time in history. It
will meet its targets and, crucially, it has turned
that drive into a business. They know where the
futurelies. It is in the fight against climate change,
and the battle to win the economic argument at
the same time. O
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The road to 2050

Paul Monks

SUMMARY

® Achieving netzeroisa complexchallenge
requiring a systems approach

® The UKwasthefirstcountryto legislate for
netzero

® Achievingthe necessary reductions in emissions
requires a combination of social, technical and
economic measures

® Some sectors will be much harderto
decarbonise than others

® Research and innovation will be critical to
delivering netzero by 2050.

ccording to HL Mencken, “For every

complex problem, there’s an answer that

is clear, simple and wrong” The chal-
lenge of net zero is a complex systems problem —
and there are no simple answers.

The UK was the first country to legislate for
netzero and is one of the few that still has manda-
tory legislative outcomes. In 2019, the Govern-
ment increased the goal to 100% emissions reduc-
tion by 2050, compared to 1990 levels.

We work towards that goal through a series of
carbon budgets set under the Climate Change
Act. Carbon Budget 6 (CB6) has to be met by the
mid-2030s. We are just beginning to think about
CB?7. The Climate Change Committee (CCC), as
well as being the independent body that holds the
Government to account, also links to the interna-
tional process and the setting of Nationally Deter-
mined Contributions (NDCs).

CarbonBudget 6
CB6 set a goal of a 78% emissions reduction by
2037. The Governmentlaid out the science and the
policies to achieve thatin the Net Zero Strategy that
was published in 2021. The UK has a good track
record globally with respect to decarbonisation: we
have alreadyachieved reductions of nearly 40% on
1990 levels. To meet the goal of net zero by 2050,
though, we will require a greater rate of change.
The sector that has gone furthest in decarbonisa-
tion is power, with fuel supply second: other sectors
such as transport and buildings have been much
slower (Figure 1). And that givesa sense of where the
challengesliein the future. Electricity isa great story,
renewables have grown strongly while the last coal
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station is about to be turned off - although we are
still quite dependent on imported gas. Nuclear isan
important part of the low carbon electricity mix.

Looking at the total amount of energy that we
use, though, about 40% is used in transport, 40%
inheating and only about 20% is accounted for by
electricity. Much of the decarbonisation of the first
two sectors will be through increased use of elec-
tricity. In fact, we will have to at least double elec-
tricity generation capacity by 2050. It will have to
be low carbon and available 24 hours a day.

While technological change is required, suc-
cess is also dependent on consumer behaviour
change. This is a social problem as well as a tech-
nical one. Finance is also required. So this is a
social, technical and economic problem. When
we talk about this as a systems problem then, it is
actually a system of systems problem in the UK
and global context.

Green choices

Under Carbon Budget 6, 44% of the required
emissions savings require the public to make
green choices (Figure 2). Soitis unlikely the target
canbeachieved by a purely technocraticapproach
to net zero: there will have to be a socio-techni-
cal-economic approach. As part of that we will
need to work out what the correct mixture of pro-
duction, storage and uses are to achieve a net zero
society. That will include the different flows with-
in the energy system, including hydrogen, syn-
thetic hydrocarbon fuels, and the like, the differ-
ent ways of storing that and the different ways of
using energy, in a way that creates a balanced sys-
tem. Many people do not yet understand the way
the energy system — and much else - will change
by 2050. It will involve a fundamental shift, from
very carbon-intensive, centralised generationtoa
low carbon, more distributed system. The net zero
world will be very different.

Research and innovation

The International Energy Agency said recently
that, on the journey to the 2030 target, we already
have 80% of the technologies that we need. Look-
ingatthe hardest to decarbonise sectors and look-
ing forward to 2050, a great deal of research and
innovation is still required. The IEA estimates
that the technologies needed to deliver almost
half of the CO, reductions required are still in
prototype phases.

Professor Paul Monks is
the Chief Scientific Adviser
(CSA)forthe Department
forEnergy Security and Net
Zero (DESNZ). Asthe CSA,
he deliversindependent
andimpartial scientific
advice to Ministersand
policy makers across the
DESNZ portfolio. Paul

also works closely with

the Government Chief
Scientific Adviser, other
Departmental CSAs, and
the Department’s Chief
Economist, to strengthen
the links within and across
departments, encouraging
effective engagementand
knowledge sharing, and to
supportdelivery of a robust
evidence base to underpin
DESNZ policy decisions.
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Figure 1. Sectoral reduction in emissions (%)
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(Source: Department for Energy Security & Net Zero)

If net zero transition is to be sustainable and
resilient, progress must be measurable, so that we
can see the distance travelled. Deliverability is pri-
marily an engineering challenge. We have the
technologies to decarbonise the power system by
2035, but we have to roll them out. Part of thatisa
matter of scalability but there are some key science
challenges as well.

These include hydrogen as well as carbon cap-
ture, use and storage (CCUS), and negative emis-
sions (which people rarely talk about). Thereis the
challenge of sourcing critical minerals as we move
away from fossil fuel feedstocks to electrification.
Resource and energy efficiency is an enormous
problem thatis continually overlooked. There are
significant issues around agricultural emissions
— this will be a very tricky sector to decarbonise.

Net zero is not just a mitigation problem, there is
adaptation to address as well. This includes achiev-
ing thebehaviour changesand green choices needed.

The Government has published its UK Net Zero
Research & Innovation Framework, which takes a
systems approach. It recognises that much of the
decarbonisation programme is underpinned by
digital technologies. The crucial role of finance is
also detailed. And let us not forget the role of skills
in delivering a sustainable net zero future.

Net zero is so pervasive through everything we
do that only a systems approach will work.
Research and innovation will be critical to deliv-
ering the outcomes that we need. O
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Figure 2. People are concerned about climate change and will need to take action themselves

CB6

0%

Emissions savings requiring green choices by the general public

-~ 44%

50 100 150 200

MtCO2e per annum

Concern about climate change
82%

10% 20% 30% 40% 50% 60% 70% 80% 90%

100%

I Green choices required by the public

No green choice required by the public

250

I Don't know

I Notatall concerned
Not very concerned
Fairly concerned

I Very concerned

(Source: Department for Energy Security & Net Zero)

8 November202

3, Volume 23(6)

fst journal www.foundation.org.uk



NET ZERO

Meeting our commitments

JuliaKing

SUMMARY

® Recentweatherevents demonstrate the urgency
of action on climate change

® Therate of emissions reductions mustincrease
sharply to meet statutory targets

® Thereisareal concernthatthe countryisnot
planningforthe longterm

® Recentannouncements have affected our
international reputation

e Mitigation alone is notenough - we mustwork
on adaptation as well.

he weather hasbeen trying to tell us some-

thing. Last year in the UK, we experienced

temperatures of over 40° C. Maximum
temperatures in the South East of England are ris-
ing by somethinglike 1° C per decade. Even more
alarming is the fact that September 2023 was,
globally, 1.75° C above pre-industrial levels — in
contrast to the Paris target of staying below 1.5° C.
2023 is likely to be, on average, 1.4° C above
pre-industrial and that is before EI Nifio has really
gotstarted. There should be a huge urgency about
taking action on climate change.

Asaresult of the Climate Change Act, thereare
currently sixlegislated carbon budgets, which take
us to 2037. We have met the first three, but not
entirely by our own efforts. Meeting the first was
made easier by the global financial crash, meeting
the third was assisted by the impact of Covid.

Sharprise
The primary factor driving our emissions reduc-
tion up to 2019 was decarbonising the electricity
system. As we have emerged from the pandemic,
emissions associated with some sectors — notably
surface transport and aviation — have started torise
again sharply. We have seen a significant drop in
emissions from residential buildings, although this
was predominantly because the price of gas has
increased dramatically due to the war in Ukraine.
Over the past eight years, the UK has been
reducing emissions by about 3% a year. To meet
the 2030 goal, that will have to increase to almost
6% a year. Much of the progress so far has come
from decarbonising the electricity system, which
hasbeen relatively simple and people have nothad
to change their behaviour. Strip out the benefits of
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taking coal off the system and we have only been
reducing emissions across the rest of the economy
by alittle more than 1% a year.

To reach the 2030 goal means reducing emis-
sions around four times as fast. That will require
engagement with people, a very strong focus from
Government and some very effective policy deliv-
ery. Industry needs to more than double its rate of
reducing emissions, surface transport needs to
quadruple it. Buildings, fuel supply - these big
emitters need to double the rate they have achieved
to date. Industry, in particular, takes along time to
make investments to change major processes, so
there is almost no time left to get the very signifi-
cant change needed in our industrial processes.

The Net Zero Strategy was published in 2021.
The Government was taken to court and the
judgement handed down was that it needed to
have a strategy where it was clearer how policy
would deliver the emissions reductions. The Car-
bon Budget Delivery Plan was published early in
2023. Thereisasignificant difference between the
two documents in regard to surface transport —
the contribution in the new plan is much lower.
There are two contributors here.

First, the Government realised that the bene-
fits of hybrid vehicles will be nothing like as
strong as hoped. The emissions from plug-in
hybrids will be significantly greater than expect-
ed. We should therefore move to fully-electric
vehicles as quickly as possible.

The other factor is that the Government chose
not to take any benefit from a potential reduction in
driving. There has been a 5% reduction in kilome-
tres-driven since Covid. However, it is not clear if
this is a trend or something more temporary, so the
Government has chosen not to take any account of
that. Therefore, transport emissions in 2030 are pro-
jected tobe significantly higher in the Government’s
new planning. Other areas will have to find addi-
tional reductions if the overall target is to be met.

The Climate Change Committee (CCC) has
said itis confident the UK will meet the fourth car-
bon budget (CB4), the one for the mid-2020s. A
major reason for that is actually that 5% drop in
kilometres-driven. There is, however, much less
confidence about CB5 (which is also our Nation-
ally Determined Contribution under the UNFC-
CC) and CB6 due to be delivered in the mid-2030s.

There is a real anxiety that the country is not
preparing for the longer term. Looking at the tar-

The Baroness Brown of
Cambridge DBE FREng
FRS, Julia King, is Chair
ofthe Climate Change
Committee’s Adaptation
Committee and Chair
ofthe House of Lords
Science and Technology
Select Committee. She
isanengineeranda
Crossbench Member ofthe
House of Lords. A career at
Cambridge University and
Rolls-Royce plcledto 10
years as Vice-Chancellor
of Aston Universityin
Birmingham. She led the
2007 King Review on
decarbonising transport for
UK Governmentand chaired
the Cambridgeshire and
Peterborough Independent
Climate Commission.
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Figure 1. CCC snapshot on progress to Carbon Budget 6
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The Government’s policies and plans for energy
supply are, though, more positive.

The CCC has developed a set of indicators it
now uses to see whether we really are making
progress (see Figure 1). Its assessment in June this
year highlighted red flags in every one of those
areas. So electric van sales are well behind where
they need to be. As more deliveries are now made
by van, van-kilometres have gone up significantly
in the past few years. Heat pumps are a crucial
technology but heat pump installations, heat
pump costs, trained heat pump installers — all are
lagging behind target.

There have been a number of developments
since June when the last CCC report was pub-
lished, including the Prime Minister’s speech in
September. While the push back of the petrol and
diesel phase-out from 2030 to 2035 was not help-
ful, the zero emission mandate for car manufac-
turers is unchanged so there will not be very
much difference.

There has been a number of delays to the dates
when new gas boiler installations need to be
phased out. Again, these will have relatively limit-
ed impact as they apply to special cases such as
those who live off-grid and have a gas or oil tank in
the garden. The increase in the boiler upgrade
grant to £7,500 will be helpful.

10 November2023, Volume 23(6)

hugely important because of the scale of electricity
infrastructure we will need. However, the latest
round of Contracts for Difference auctions — where
there were no bids for offshore wind despite the
UK’s target for 50 gigawatts capacity by 2050 - is
unfortunate, to say the least. Tata Steel's decision to
switch the steelworks at Port Talbot to electric arc
furnaces willimprove the outlook for industry. The
CCC has published an analysis of the impact of all
these announcements, positive and negative.

The uncertainties caused by these announce-
ments has, though, really damaged our interna-
tional reputation. The investment in the electricity
network over the coming decade has been estimat-
ed at between £50-60 billion per year. This country
cannot find that level of investment on its own, we
need foreign investment. Potential overseas inves-
tors now think the UK is backtracking on its com-
mitments. And that is really damaging to our rep-
utation. While that is probably an unintended
consequence of the Prime Minister’s speech, it may
have the most lasting impact.

‘We must not forget, though, that while mitigation
is critical, the temperature will keep rising at best for
the next 30 years whatever we do. So mitigation alone
is not enough. We need to adapt as well. O
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Urgent and ambitious action
needed to tackle this challenge

Jim Skea

SUMMARY

® Greateractionis urgently needed now

® Weare notpowerless, we have the meansto
effectchange

e Withouta focus on equity, the required
consensus will notbe achieved

® Equity - interms of justtransition - is relevant
nationally as well as globally

® Netzeroisnotjustaboutadate butalso about
cumulative emissions onthe journey.

he global messages of the Intergovern-

mental Panel on Climate Change (IPCC)

canbe summarised under three headings:
Urgency, Agency and Equity.

Urgency

Climate change is already upon us, we can see that
plainly. In terms of emissions at a global level, we
have bent the upward trend, but they have yet to
start a downward path - and certainly not the
steep downward path that we need to achieve net
zero. Yet unless we get to net zero, global tempera-
tures will continue to rise because of the cumula-
tive nature of emissions.

Should warming go beyond 1.5° C, new risks
will emerge: permafrost degradation; water scar-
city in dry land areas; more extreme weather
events; and potential damage to the productivity
of food systems. Sea level rise, which is almost
inevitable, is an existential threat for small island
states and low-lying coastal areas.

Agency
Without immediate ambitious action, there are
threats to planetary health and human systems.
Now, that can easily turn into a message of
despair. However, the IPCC has been very clear
that we should not let the evidence provoke a
sense of paralysis or lack of agency. We do have
tools available, and if we deploy them we can
avoid the worst impacts.

The world has already started to make prog-
ress on renewable energy — wind, solar, etc — and
China has some of the biggest investments in all
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of these. On another front, the biggest deploy-
ment of electric vehicles globally is in China.

One thing that is clear, though, is the concen-
tration of success in China, North America and
Europe. There isa need to spread that more wide-
ly geographically, especially to developing coun-
tries such as in Sub-Saharan Africa, where much
more investment in infrastructure is needed in
order to enable the rollout of renewable energy.

In terms of successes, significant progress is
being made on land-based measures, especially
reforestation but also avoided-deforestation.

Significant progressis also being made on gov-
ernance. We have the policy tools available to
move us forward. More than 50% of global emis-
sions are already covered by climate laws, policies
and institutions. About a fifth of global emissions
are covered by some kind of carbon pricing.

The tools are available then and there is
enough money in the world - even though that
means trillions of dollars - to deal with the chal-
lenge of climate change. But it means starting to
get private sector funding to supplement funds
from the public sector. So we have the technolo-
gies, we have the knowhow, we have the money -
we just need to put them all to use.

A word of caution, though. So far, we have only
achieved the easy wins. It may be a major engi-
neering challenge to design and constructa IGW
offshore wind farm, but the really difficult chal-
lenge is to implement measures that involve
changes to people’s lives. The future challenges
around transport, housing and diet will all be
much more difficult.

Equity

Why should we be concerned about equity?
Well, perhaps because it is simply the right thing
to do. There is also, though, a pragmatic reason.
Unless the actions we take are perceived to be
fair, they will not gain the consent necessary for
the transition to occur.

There are two dimensions to equity. One is the
global perspective: equity between the global
south and the global north. The last IPCC report
set out the facts about the cumulative historical
emissions of greenhouse gases and also the wide
variation in per capita emissions in different parts
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should not let the
evidence provoke a
sense of paralysis or
lack of agency.
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renewable energy

such as solar power.

of the world. Those who are most vulnerable to
the effects of climate change are those who have
contributed least to the problem.

That is why there are three interlocking goals
within the Paris Agreement. Thereis the long-term
temperature goal, but also goals on adaptation and
finance. We cannot achieve where we want to go
without taking account of the whole package.

The symbolism of commitments like the $100
billion from developed countries is incredibly
important. Now, Loss & Damage will come up as
an issue again at COP28.

Opportunity and risk

There is another dimension to equity, which per-
tains to national and sub-national perspectives.
There are obviously big economic opportunities
associated with alow carbon agenda, butalso risks
for those in declining sectors and the communi-
ties that host these economic activities.

There are also impacts on consumers. A fea-
ture of low-carbon transition is that it is capital
intensive. You need to put money up frontin order
to lower the long-term costs. Who is going to pay
for this will be absolutely critical.

At both the national and sub-national lev-
els, how ‘just transition’ plays out for employ-
ers, employees and also consumers is import-
ant. But a transition that is perceived as just is

12 November2023, Volume 23(6)

a prerequisite for consent and effective change.

When discussing net zero, the first thing to
note is that it is not solely a matter of the date when
that occurs, but also the cumulative emissions
incurred on the journey. The pathway matters.
Delayed action means the world will be warmer
than it otherwise would have been.

Reserves

Secondly, the reserves of fossil fuels in the ground
would exceed the carbon budgets for the long
term temperature goal in the Paris agreement if
they were all burned. Some 80% of coal, 50% of
gas, and 20% of oil current reserves need to stay
in the ground to limit warming to 2° C - a very
stark number. Therefore, any addition we make
to reserves just creates more acute problems for
future policymakers, who may have to choose
between the economic revenues that they get
from burning the fuels, versus actually meeting
the Paris targets.

In summary, we are in a difficult and danger-
ous place and action is needed urgently. But we are
not helpless, we have the agency to pursue our
goals. Finally, paying attention to equity is essen-
tial if we are going to build the consensus to effec-
tively combat climate change. O
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The debate

Afterthe formal presentations, the speakers joined a panel to discuss points raised by the

audience. Topicsincluded: international standards; offsetting; global and unilateral actions;

embedded emissions; energy security.

T hereare no international standards for net
zero yet they will be essential. We are in
urgent need of standards for green hydro-
gen that are consistent across different regions.
There are many different products that people call
sustainable aviation fuel and there needs to be
much greater clarity on this. Britain has an inter-
esting role here because we have a long history of
standards development and implementation.
There is an economic opportunity for us in this.

One contributor noted that if the UK had kept
up with the code for sustainable homes there
would already be more than a million homes at
zero net carbon, where energy bills are measured
in tens of pounds. To achieve net zero by 2050, we
will have to offset. At the London Olympics,
money was invested in energy efficiency measures
and local schools. The schools used the money to
employ special needs teachers. So is there scope for
creating an offsetting fund that delivers carbon
savings and societal benefits alongside?

Climate changeis a ‘global commons’ problem,
not one that will be solved by unilateral actions of
individual countries. Unless there is solidarity
between countries, the problem will not be satis-
factorily addressed. So the UK has to be part of the
solution, even if its emissions are not among the
largest in global terms. Other countries are also

making considerable progress: the efforts that
have been made in China, for example, are very,
very considerable.

While much of the focus is on territorial emis-
sions, attention also has to be paid to carbon
embodied in trade. This has been coming down,
partly because of reduced levels of global trade,
butalso because China, for example, a big export-
ing country, has made substantial improvements
in efficiency.

Climate change is wrapped up in international
considerations, including geopolitical tensions.
Energy security and net zero are different sides of
the same coin. The current geopolitical instability
has made people think about indigenous energy
generation, and that can only be good for the
decarbonisation agenda, because much of that
leads down the pathway of renewables. O

FURTHER INFORMATION

ARG Synthesis Report: Climate Change 2023

www.ipcc.ch/report/sixth-assessment-report-cycle/

NetZero Research & Innovation Framework

www.gov.uk/government/publications/net-zero-research-and-innovation-framework

NetZero Strategy: Build Back Greener

www.gov.uk/government/publications/net-zero-strategy

The Climate Change Committee: Progress towards reaching NetZero in the UK
www.theccc.org.uk/uk-action-on-climate-change/progress-snapshot

The Climate Change Committee’s assessment of announcements by the Prime Minister at the

Conservative Party Conference is available here:

www.theccc.org.uk/2023/10/ 12/ ccc-assessment-of-recent-announcements-and-developments-

on-net-zero
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SEMICONDUCTORS

CONTEXT

The Government published its National Semiconductor Strategy
inMay 2023. It sets out plans to build on the UK’s strengths in
semiconductors in orderto grow the sector, increase its resilience
and protectthe country’s security.

On 24 May 2023, the Foundation for Science and Technology
hosted a meeting at the Royal Society to explore the strategy and
whatitmeans for UK industry, both for silicon and compound
semiconductors. Government Minister Paul Scully MP, Dr Andy

Sellars from the Compound Semiconductor Catapult, David Clark
of Clas-SiC Wafer Fab Ltd, and DrJalal Bagherli, the Co-Chair of the
UK Semiconductor Advisory Panel, discussed how to ensure that
the UK has a secure supply of the semiconductors it needs and the
requirements forthe UK semiconductorindustry to thrive. Avideo
recording, presentation slides and speaker audio can be found on
the FSTwebsite at: www.foundation.org.uk/Events/2023/TH-
UK-Semiconductor-Strategy

Securing the UK semiconductor
industry

Paul Scully

Paul Scully MPis
Parliamentary Under
Secretary of State (Minister
forTech and the Digital
Economy) atthe Department
forScience, Innovation
andTechnology. Heis also
Ministerfor London. He was
previously Parliamentary
Under Secretary of State at
the Department for Digital,
Culture, Media and Sport
and before that Minister of
State atthe Department for
Levelling Up, Housing and
Communities. He is MP for
Suttonand Cheam.

he Government’s aim is to become a

science and technology superpower. That

means growing a stronger and more inno-
vative economy, with better jobs and embracing
new discoveries which make a real difference to
people’s lives and livelihoods. The plan is ambi-
tious, and one of the steps we are taking to deliver
on those ambitions is our National Semiconduc-
tor Strategy.

Semiconductors are at the core of today’s
technologies but are also essential elements in
our efforts to lead the world of tomorrow. New
technologies will bring tangible benefits to Brit-
ish businesses as well as to people in every part
of the country.

After crude oil, refined oil and coal, semicon-
ductors are the most-traded products in the
world. As the tech revolution picks up pace, they
will matter more than ever. So, the National Semi-
conductor Strategy sets out a plan to enable the
UK to stay at the forefront of that revolution by
building a foundation on our core strengths in
semiconductor technologies.

The opportunities are enormous but as we
look to seize them, we must be clear about the
risks too. Semiconductors are fundamental to
many technologies which are critical for keeping
people healthy and safe — from medical ventila-
tors right through to fighter jets. Supply chains
are vulnerable and hostile states may seek to
acquire semiconductor technical advantage to the
detriment of our national security.

In the face of those risks, this strategy is clear: we
cannot and must not allow our economic and
national security to be compromised. So the Gov-
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SUMMARY

® Semiconductors are atthe heartoftoday’s
technologies and those of tomorrow

® The UKmustunderstand both the opportunities
andtherisksinvolved

® The countryis already strongin this sector,
providing a platform for growth

® Akeyconcernistobuild supply chainresilience

® Cybersecurityis fundamentalto protecting
people andthe economy.

ernment’s vision, informed by and delivered with
industry, aims to enable the UK to secure
world-leading positions in the semiconductor tech-
nologies of the future. The strategy sets out three
key objectives for delivering that ambition over the
next 20 years: growing the UK sector by building on
its strengths; making supply chains more resilient;
and protecting our national security.

Growing the sector
The UK has enormous strengths in this field,
from compound semiconductors to R&D, IP and
chip design. The Government will focus on each
of those areas of expertise where we have a strong
foothold, enabling us to secure our position in the
global market. Industry already receives exten-
sive support, and this will continue. Going for-
ward, the strategy will accelerate the creation of
new companies and innovative new technologies.
Getting that support right starts with listening
to businesses. They have said that the costs of
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accessing critical equipment, infrastructure and
skills are some of the most significant barriers to
growth. This strategy will address these barriers,
not solely through Government action, but
through partnerships with industry and academia.

This strategy will deliver an investment of up
to £200 million in 2023-25 with up to £1 billion in
the next decade. The Government is also launch-
inga UK Semiconductor Infrastructure Initiative,
supporting businesses to access the software tools
and manufacturing equipment that they need to
design, prototype, pilot and produce innovations.
This is about supporting businesses of all sizes,
including our youngest businesses, our spinouts,
startups and scale-ups. To do this, there will a
pilot incubator programme, helping startup
semiconductor companies in the UK access the
tools they need to grow and thrive.

The Government will announce plans by the
autumn to further support the competitiveness
of the semiconductor manufacturing sector.
Retaining that competitiveness starts, just as in
any sector, with finding the right people with the
right skills. That can be a challenge. Education is
right at the heart of our Science and Technology
Framework, with plans to improve STEM all
the way from classrooms to graduate labs. This
strategy also provides specific help for the sector
through doctoral training to maximise oppor-
tunities for people and ensure the industry has
highly-skilled people with the right qualifi-
cations for the job.

In developing the strategy, we listened to busi-
nesses, academics and leading figures in industry.
To continue this process, we have created a Semi-
conductor Advisory Panel, bringing together
key figures in order to shape the future of the
sector in the UK.

Supply chain
To create a successful semiconductor sector and
maintain that success in the future, we have tolook
beyond our borders. The second objective of the
strategy is to build supply chain resilience and
safeguard the UK against supply chain disruption.

The semiconductor supply chain is both glob-
aland complex, so no country can feasibly possess
an end-to-end capability. We learned from the
pandemic that shocks to the supply chain can and
will happen. The UK will have to safeguard a reli-
able supply of semiconductors as best it can,
including individual components and finished
goods. That means decisive domestic action as
well as international collaboration.

Working with suppliers to our critical indus-
tries (including critical national infrastructure)
enables us to address and adjust to risks. At the
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same time, we are pursuing bilateral and multilat-
eral engagement approaches to these shared chal-
lenges with like-minded nations such as the US,
Europe and Japan.

Even while we remain open to international
collaboration, however, we remain committed to
doing all that is necessary to protect the UK
against security risks associated with semicon-
ductor technologies.

Protecting our security

The third objective of the strategy is to protect our
people. So, we will continue to protect our most
sensitive semiconductor companies and technol-
ogies from those that would jeopardise our
national security. We have done so through the
National Security and Investment Act, as well as
through our export control regime.

In a world where technology is more and more
connected, we need to be able to trust the devices
we rely on, in our businesses, infrastructure and
homes. So we are building on our existing experi-
ence in hardware security and investing in new
programmes like Digital Security by Design, in
order to secure the products of the future against
cyberattacks.

This ambitious National Semiconductor Strat-
egy represents the culmination of a collaboration
between Government, industry, and academia.
From growing the UK sector with the right infra-
structure, skills and support for startups, to
improving the resilience of our supply chains, and
protecting our national security: we have a vision
for the future.

The vision is different from those of other
countries, but thatis as it should be: it focusses on
doing what is best for Britain. It concentrates on
growing the economy, providing highly-skilled,
well-paid jobs and boosting transformative tech.
I am confident it will succeed. O
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The Governmentis
investingin new
programmes such as
Digital Security by
Design to protect
future innovations
against
cyberattacks.
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Coordinating our activities with
international partners

Andy Sellars

DrAndy Sellars has led the
Compound Semiconductor
Applications Catapultsince
itsinceptionin2017. He
chairsthe Catapult Network
Research and Technology
Group and isamember
ofthe Strategic Advisory
Board of the EPSRC Future
Compound Semiconductor
Manufacturing Hub. Andy
was appointed to the UK
Government Semiconductor
Advisory Panel,and he
co-chairsthe Semiconductor
Expert Working Group for
UKTIN. Andy joined the
Catapultfrom Innovate

UK, where he delivered

£15 million of strategic
investmentsin electronics,
smartmaterials and
compound semiconductors.

without semiconductors, the economy will

grind to a halt. There are three broad catego-
ries of semiconductor: silicon semiconductors
(which predominantly run software); com-
pound semiconductors; and the new category of
‘emerging semiconductors’. Interestingly, the
UK has strengths in all three domains.

A typical smartphone costing $1000 contains
around $350 of semiconductors. The ‘brain’ run-
ning the software is a silicon chip, designed in
the UK. The advanced functions, such as facial
recognition, rely on compound semiconductors
manufactured in the UK. The display is an
organic LED - atype of ‘emerging’ semiconduc-
tor. So all three types of semiconductor appear
in one product (see Figure 1).

Another example is an electric powertrain for
automotive applications. Here, the compound
semiconductor component is a very high pro-
portion. Finally, a data centre has manufactur-
ing costs of about $5,600 with silicon accounting
for about 90% of semiconductor content. Com-
pound semiconductors have quite a small pro-
portion at the moment, but we expect that to
change dramatically thanks to the work being
carried out at Southampton University on sili-
con photonics.

I ndustry requires access to semiconductors:

Supply chain

What is the problem the National Semicon-
ductor Strategy is trying to address? It is partly
concerned with existing complex supply
chains. Over the past 30 years, different coun-
tries have specialised in particular aspects of
the value chain. Taiwan is the world’s leader of
silicon chip production. ASML in the Nether-
lands specialises in the production tools needed
to make silicon semiconductors, while the UK
and the US have focussed on the design and IP
licensing of these products. In some ways, spe-
cialisation drives up productivity and drives
down costs. Yet this happens at the expense

No country can be self-sufficientin semiconductors
- itisimportantto align UK activities and maximise
ourinvestmentwith international partners.
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SUMMARY

The modern economy depends on
semiconductors

e Different countries are specialising in different
aspects of the semiconductorsupply chain

® The UKstrategy needsto align and interact with
ourinternational partners

® The UKhas a design capability across all the
sub-sectors

® We needto coordinate activities across our
existing clusters of excellence.

of supply chain complexity and the risk that
disruption can cause economic shocks exposing
us to security risks.

As no country can be self-sufficient in semi-
conductors, it is important to understand what
other countries are doing, to align UK activities
and maximise our investment with internation-
al partners. The US is investing $52 billion
through the US CHIPS and Science Act, the EU
Chips Act commits €43 billion, India has
assigned $10 billion and China $143 billion.
These big investments indicate the scale of the
challenge across the globe.

Looking at the semiconductor supply chain,
raw materials are used to make a wafer, then
chemicals are etched into that wafer to make a
die. The die is separated, and electrical contacts
attached to make chips, which are assembled to
form a system, with the system becoming part of
an electric vehicle, a base station, a quantum
device or a satellite, for example.

The UK has 25 fabrication plants: silicon
fabrication, compound semiconductor fabri-
cation, and emerging technology semicon-
ductors. We also have about 20 packaging com-
panies, representing the middle part of the sup-
ply chain, and then there are about 5,000 compa-
nies that design and manufacture electronic
systems. For the size of the country, we are a
reasonable player in this market.

The strategy refers to several semiconductor
families: logic, memory, analogue and discrete.
I have taken the liberty of adding another, large
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Figure 1. Semiconductor contentin key technologies

Smart phone: $350 Electric powertrain: $1,950
Silicon (Si) 80% Silicon (Si) 20%

Compound (CS) 10% Compound (CS) 65%

Emerging 10% Emerging 5%

Data centre: $5,600
Silicon (Si) 90%
Compound (CS) >5%
Emerging <5%

(Source: Catapult)

Value of semiconductors - and relative proportions of different types - in several key technologies.

area electronics. The UK has design capability in
nearly all of these. We do not manufacture the
most complex ‘logic’ family, they tend to be man-
ufactured in Taiwan, but we still have world-lead-
ing design capability in this area.

The strategy also highlights the UK’s excel-
lent R&D in semiconductors, with an estimated
£1 billion invested by the Research Councils and
Innovate UK between 2006 and 2018.

The UK has excellent clusters of capability,
and there is an opportunity to coordinate their
activities to maximise our investments and build
resilient supply chains.

R&D investment

Lastly, the Government has announced a Semi-
conductor Infrastructure Initiative. A contract
has been awarded to the Institute for Manufac-
turing to carry out feasibility studies, looking at
four infrastructure investments: silicon proto-
typing; advanced packaging; compound semi-
conductor open-foundry; and design IP. It is
being funded by the Department for Science,
Innovation and Technology. Cambridge Econo-
metrics will build the evidence base for future
interventions, with potential for an initial £200
million investment, setting out where that will
make the maximum impact. O
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Focus on existing infrastructure
will pay dividends

David Clark

David Clarkis Chief
Technology OfficeratClas-
SiC WaferFab Ltd, a new
150mm semiconductor
waferfab, builtin Lochgellyin
Scotland. Thisis dedicated
tothe manufacture of silicon
carbide power products
such as SiC diodes and
metal-oxide-semiconductor
field-effect transistors
(MOSFETs).

las-SiC Wafer Fab is an open, pure-play
‘ foundry that fabricates silicon carbide

semiconductor devices. It carries out fast
prototyping to aid the acceleration of R&D in
areas such as net zero and the More Than Moore
revolution. It has been very successful, seeing
500% revenue growth over the past year and dou-
bling the number of customer accounts. We now
have full 24/7 working with a consequent increase
in headcount. The company is located in what
used to bea coal mining area. In fabricating silicon
carbide, we are still processing the carbon and sil-
icon that used to be dug out of the ground in Loch-
gelly: so we have come full circle in a sense.

Media reaction to the launch of the National
Semiconductor Strategy has not been very posi-
tive, concluding that £1 billion is not enough.
Compared to the cost of a full TSMC-style wafer
fab of £18 billion, it does not seem much. Howev-
er, the Government strategy is concerned to
“boost the UK’s strengths and skills in design,
R&D and compound semiconductors’, not create
TSMC wafer fabs here. Used wisely, the invest-
ment can make a significant difference. Com-
pound semiconductor fabs, for example, do not
need leading edge capability. Indeed, at Clas-SiC,
we use technology developed several years ago,
which is leading edge for silicon carbide, but not
nearly as expensive as some other technologies.

So we believe that wisely targeted investment
using existing infrastructure would be a prudent
move. We believe that will build on the strengths
of existing UK wafer fabs, quite anumber of whom
are poised to contribute to implementation of the
strategy. It is important that any new infrastruc-
ture does not compete with these existing opera-
tions. Also, support for existing infrastructure
could safeguard and potentially create jobs.

This type of investment could also allow busi-
nesses to hit the ground running. Drawing on the
experience of Clas-SiC, it took five years from start-
up to geta MOSFET field-effect transistor product
approved and start production. All the time, there

The funding climate inthe UK at presentis weighted
againsttechnology investments: funds are more
easily available in otherinternational markets.
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SUMMARY

® Thestrategyisfocussed onthese skillsand
technologies where the UK has existing strengths

® Used wisely, the investment outlined inthe
strategy could make a significant difference to
the sector

® Anumberoffunding streams already exist
® Supportforexistinginfrastructure offers reduced
riskin expanding the sector

® Fundsforscale-up are difficult to access.

were customers waiting to make use of the facility.
So, by building on existing infrastructure, compa-
nies can get a good start on their own programmes.

This approach also reduces risk. Things will go
wrong, especially with constructing a new facility.
We and other fabs have already navigated that
level of risk. Clas-SiC started in 2017, we have
spent £50 million and are now self-sufficient with
proven technology. We have a healthy and grow-
ing customer base with demand for more.

Scalingup

The biggest challenge now is actually expanding
and we need to find further funding. A small part
of that £1 billion would help us to scale up as part
ofthe Open Access infrastructure. Clas-SiCis not
unique in this, it applies to many other semicon-
ductor fabs and other sectors.

The funding climate in the UK at present is
somewhat weighted against technology invest-
ments: funds are often more easily available in
other international markets. So, wisely-targeted
Government investment in existing semiconduc-
tor infrastructure will be most welcome and the
£1 billion will go much further here than the ini-
tial press might have us believe.

The scale-up chasm remains a challenge. Gov-
ernment aspirations for the semiconductor indus-
try are laudable and have brought us a good way.
There are several existing R&D schemes managed
by EPSRC, UKRT’s Driving the Electric Revolution
(DER) programme and the Advanced Propulsion
Centre (APC), as well as other mid-Technology
Readiness Level (TRL) programmes applicable to
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semiconductors. These are good schemes, taking
projects through to initial production. But the UK
seems to have a challenge in how to turn all that
great science and technology into sustainable
manufacturing jobs, ones which remain in the UK
because too many of them end up going offshore.
That needs to be tackled.

The Government is due to announce plans in
the autumn that will include support for invest-
ment in the UK semiconductor manufacturing
and for scale-up. We welcome that. However,
thereis alack of clarity on how to enable scale-up.
At the moment the road ahead seems a bit foggy

SEMICONDUCTORS

and it is not actually quite clear how it all fits
together and makes a difference.

It has, though, been good to see this initial £1
billion investment and the launch of the National
Semiconductor Strategy. If it is implemented well,
it could produce a win-win solution for industry
and the Government. The existing R&D schemes
work well but now we need to focus on how to
resolve the problems beyond that initial stage, i.e.
scale up. We will await with interest the next Gov-
ernment statement on this in the autumn. O
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The existing R&D
schemes work
well but nowwe
need to focus on
howto scale up.

Identifying the priorities

Jalal Bagherli

DrJalal Bagherliis Co-Chair
ofthe UK Semiconductor
Advisory Panel. He has

over 30 years of experience
inthe semiconductor
industry. Heled Dialog
Semiconductorfrom 2005
102021, ultimately leading
the sale ofthe company to
Japan’s Renesas Electronic
Corporationfor€4.8

billion. Priortojoining
Dialog Semiconductor,

he held positions at Texas
Instruments and Sony
Semiconductorand became
the CEO of multi-media
processor start-up company,
Alphamosaic. He is currently
non-executive chairat PTSL
Ltd and co-chairofthe
advisory board of Williams
Advanced Engineering
(WAE).

want to reflect on my journey and the skills

that have got me to where Iam today. My jour-

ney started with university. I completed a
four-year Masters in Materials Science at Man-
chester. It was during that university degree that I
had an industrial placement and I think that was
the pivotal part of my education.

When designing a strategy for the semicon-
ductor industry, the key task is to determine what
is important for the UK, what is specific to the
UK that we can affect in a meaningful way, and
how best to rally the industry around those aims.
It is right that the policy focusses on UK
strengths. We should not be pursuing areas
where we have not been particularly strong or
chasing technologies which are very capital-in-
tensive to develop and take many years to build
up a competitive position.

So the UK’s key strengths, as set out in the pol-
icy, arein areaslike R&D, design (of both products
and systems), IP creation and IP business, as well
as specialist manufacturing which includes com-
pound semiconductors, photonics and thin film
manufacturing. These are areas that have grown in
the UK without help from the Government to date
but we can now accelerate them.

Funding

Whether startups or publicly-listed companies,
all businesses need funding: to startit, growitand
then later on, as it expands, to expand the opera-
tion or acquire other technologies. So funding is
always a pinch point. Most startups have access to
seed funding, but thatis only a first step. Given the
number of semiconductor startups in the UK, it
does show that there is at least some funding
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SUMMARY

® The strategy needsto focus on existing UK
strengths

® Funding needsto focus more on the long term

® The strategy can provide a focus forthe semi-
conductorsector

e While UKfirms need to access the domestic
marketas a base, the semiconductorbusiness
is global

® |ongtermsuccessdependsonremaining
connected to the global marketplace.

available, but it is more difficult to take a company
all the way through to commercial success
through patient scale-up funding.

The funding environment in the UK is not
tuned to long term investment. If some of the latest
support initiatives that Government talks about
can be unlocked, that will help UK deep-tech gen-
erally and semiconductors more specifically.

We also need to see the £1 billion funding semi-
conductor announcement as being supplemented
by anumber of other available funding streams in
areas such as: netzero, electrification, green econ-
omy, digital economy, Al, supercomputing and
space satellites, among others. There is what has
been described as an ‘alphabet soup’ of various
organisations that provide support to various
technology sectors. A lot more collaboration
would help toleverage more value out of these ini-
tiatives. Now, many of these areas are customers
and users of semiconductor technology - indeed,
without semiconductors, none can really succeed.
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The UK has seen
many key
breakthroughs,
including ARM and
its licensing model,
yet the industryis
fragmented.

So, opening the door for British semiconduc-
tor companies to access those sectors, as a way to
leverage the technology created in the UK, will
provide a very good platform for our product
companies to succeed. After all, that is what is
wanted at the end: for UK semiconductor compa-
nies to succeed and grow their business world-
wide. The UK market for chips by itself is just too
small to sustain successful businesses. This is a
global industry. So if you limit yourself to one
small geographic area in terms of marketing and
sales, that is not going to sustain long term growth.
Growingbeyond our domestic market will require
additional funding support.

In the UK, historically, we have lacked a focal
point for semiconductors. We have seen many key

breakthroughs: ARM and its licensing model was
invented here, Bluetooth single chip product was
invented here, many other products that went on
to achieve world success and become standard
were created in the UK. Yet the industry is frag-
mented and giving it some point of focus is really
important. Having a specific Government policy
covering semiconductors is a welcome first step
and so is creating some form of a national semi-
conductor institute that works on a consistent
basis on our semiconductor strategy.

The City of London is particularly strong in
areas like law and finance. In the semiconductor
business, we do require better IP protection laws,
scale-up finance, tax advice and business manage-
ment training, all aspects of economic infrastruc-
ture that can help the semiconductor business.

International events

I'would also like to see some UK-led conferences.
I remember that, years ago, there would be major
semiconductor conferences in the UK, but not
anymore. Restarting these international events
with support from Government could help the
focus of the business and opportunities for build-
ing networks back in the UK.

Then, to thrive long term, we must remain
globally connected, to markets, people and tech-
nologies, but also in remaining competitive on a
broad scale. That is critical. Whatever the level of
Government support, beit£1 billion or £10 billion,
we as an industry cannot remain dependent on
Government support forever. While this
pump-priming initiative may provide an initial
boost, success ultimately is down to industrylead-
ers who create successful and competitive compa-
nies that can attract private sector institutional
investments. O
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FST PODCASTS

Professor Rachel Oliver, Professor of Material Science at The University of Cambridge and Director of
The Cambridge Centre for Gallium Nitride, tells us about the importance of semiconductors to industry

and society.

www.foundation.org.uk/Podcasts/2023/Rachel-Oliver-Semiconductors

Scott White, Founder and Executive Director, Strategic Initiatives at Pragmatic, tells us about the
company and their technology for making flexible, low cost transistors and chips.
www.foundation.org.uk/Podcasts/2023/Scott-White-Pragmatic-Semiconductor

lan Croston, General Manager of Coherent, discusses the company’s recent scale-up, challenges facing
the field and what he would like to see in the government’s strategy.
www.foundation.org.uk/Podcasts/2023/lan-Croston-Coherent
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The debate

Following the formal presentations, the speakers came togetherin a panelto respond to comments and
questionsfromthe audience. Topicsincluded: EU and UK strategies; education; research; scale-up; and

economy-wide challenges.

The EU and the US are looking to create a
comprehensive silicon fabrication capabil-
ity. The UK, on the other hand, is focussing
on those elements where it already has market
strength without trying to compete with those two.

The National Semiconductor Strategy suggests
that the UK’s STEM and skills programmes will
result in areas of competitive advantage. In this
country, universities are extremely good at
research, and they are extremely good at produc-
ing graduates with relevant skills. If we do this cor-
rectly, we can develop a pipeline to bring these
talented people into the industry.

There is £150,000 being invested in local
schools on STEM initiatives, to help to supply
engineers and technicians of the future. The
industry has established graduate apprentices too.

Making a difference

£1 billion can make a difference if it is spentin a
focussed way. In the past, the Government has
concentrated much of its support on early stage
research, but we also need continuity of support
for our existing manufacturing facilities.

With new high growth compound technolo-
gies coming through, the country needs to be able
to achieve a faster return on investment. A sover-
eign investment fund targeting semiconductor
manufacturing would be very helpful in this
regard, perhaps also some more focused technol-
ogy-specific venture capital funds of the kind
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already seen with space technology.

Theissue of scale-up is a key challenge for many
industries include semiconductors. Yet the risks
do not evaporate once a magic company size is
achieved. They will need continuing supportifthe
sector is to remain healthy and if all parts of it are
to thrive. Backin the 1970s, we had some really big
tech companies like Plessey, GEC and Ferranti
who all had their own research centres as well.
None of them survived. How can the country
avoid repeating the mistakes of the Governments
of that era who did not support our key domestic
clubs industries at that time?

Some of the fundamental constraints that are
holding back growth in this sector are not technol-
ogy-specific. Instead, they are issues around plan-
ning restrictions, electricity grid capacity, funda-
mental skills and training that are required across
manufacturing industry - as well as the sheer
length of time it takes to get things done. O

FURTHER INFORMATION

National Semiconductor Strategy

www.gov.uk/government/publications/national-semiconductor-strategy

The semiconductor industryin the UK. BEIS Select Committee 2022
https://publications.parliament.uk/pa/cm5803/cmselect/cmbeis/291/report.html

The UK’s International Technology Strategy

www.gov.uk/government/publications/uk-international-technology-strategy/the-uks-international-

technology-strategy

CHIPS for America Outlines Vision for the National Semiconductor Technology Center
www.nist.gov/news-events/news/2023/04/chips-america-outlines-vision-national-semiconductor-

technology-center
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REF 2028

Asthe plansforthe 2028 Research Excellence Framework take shape, the architects of REF and representatives
from across the sectordiscussed theirimplications across two panel discussions

The emerging shape of the 2028
Research Excellence Framework

Grace Gottlieb is Head of
Research Policy at UCL,
where herwork has focussed
onareasincludingthe
financial sustainability
ofresearch, the regional
distribution of R&D

funding, transparency and
reproducibility in research,
andtheintersection between
research policy and research
culture.In2020 she was
seconded to the Russell
Grouptolead a projecton
research culture. Priorto
joining UCL, she worked
atthe Medical Research
Council and Royal College of
Surgeons.

hat will the 2028 Research Excellence
Framework (REF) mean for UK
Higher Education Institutions

(HEIs)? As a major mechanism for assessing and
rewarding research quality and excellence - to the
tune of £2 billion a year in Quality-Related (QR)
funding and devolved equivalents allocated to
institutions across the UK - there are fewlevers as
influential as REF in shaping the value system
underpinning UK research. Revisions to the REF
have ramifications for institutions in terms of
both prestige and funding, prompting both
excitement and apprehension in the sector.

Positive change

It is no surprise therefore that the release of the
initial plans for REF 2028 inspired rich discussion
across two panel discussions at UCL on 5 July
2023, with representatives from across the sector.
The excitement about REF’s potential to effect
positive change was evident from the Research
England representatives speaking at the event,
Dame Jessica Corner, Executive Chair of Research
England, and Dr Steven Hill, Director of Research.
As Dame Jessica reflected on the evolution of
research assessment over the decades, she deemed
REF 2028 “a once-in-a-generation moment when
we have the opportunity to shift in direction”.
Indeed, she sees potential for REF to tackle major
challenges in the sector, from the ‘publish or per-
ish’ culture and lack of research reproducibility to
the need to promote diversity and collaboration
and broaden what research excellence means.

As described by Professor Geraint Rees, UCL
Vice-Provost (Research, Innovation and Global
Engagement) in his opening remarks to the event,
one of the key shifts in REF is the reduction of the
weighting of research outputs to 45-50%, along-
sidean increased focus on research culture, with a
‘People, Culture and Environment’ (PCE) element
weighted at 25%. This is a notable shift - and a
major incentive for universities to promote posi-
tive research cultures - that hasbeen welcomed by
some in the sector and challenged by others. A key
question, noted Professor Rees, will be whether we
have robust metrics to assess culture.

22 November2023, Volume 23(6)

Dr Hill acknowledged that there is still a lot of
work to do to develop indicators of research cul-
ture. Indeed, following the event, in October 2023,
the funding bodies launched a tender for work to
develop outcome-focussed indicators for the PCE
assessment, alongside a consultation on the chal-
lenges and opportunities in this area. So how might
one approach developing such robust measures?

Pragmatism

At the event, Sir Peter Gluckman, Chair of the
International Advisory Group to the Future
Research Assessment Programme, was pragmat-
ic in his evaluation of how to do this. He pointed
out that we are trying to be objective about some-
thing that is inherently subjective, as research
quality, excellence and impact mean different
things to different people. The goal, Sir Peter
argued, is to find the best proxy measures and
consider how accurate they need to be. Given that
the measurement involved in REF drives confor-
mity, he also questioned how we can maintain
diversity, innovation and intellectual thought.

Another factor to consider is where the balance
should sit between quantitative and qualitative
metrics. Dr Elizabeth Gadd, Vice-Chair of the Coa-
lition for Advancing Research Assessment
(CoARA), described how CoARA favours qualita-
tive evaluation, supported by responsible use of
quantitative indicators. Shealso highlighted the risk
of unintended consequences from new approaches
and metrics, and the importance of listening to
community feedback on proposed changes.

Diego Baptista, Wellcome’s Head of Research
Funding and Equity, also cautioned against unin-
tended consequences, in particular for staff with
protected characteristics, in the context of efforts
to promote diversity in REF. As FST Chair, Lord
Willetts pointed out that REF has a clear commit-
ment to equality and diversity, and the impact of
REF on EDI is a live topic under discussion. Rec-
ognising the need to get this right, Dr Baptista
urged an iterative approach to assessment in REE

Diversity is an important consideration not
just with respect to staff butalso to institutions. Dr
Hill assured the meeting that the funding bodies
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are cognisant of the need to strike a balance
between culture metrics intended to make fair,
consistent comparisons across institutions and the
flexibility to recognise institutional diversity.

There is value in research culture indicators
beyond REEF, of course. Emma Todd, Director of
Research Culture at UCL, described UCLs
approach to promoting a healthy, inclusive
research culture, through a 10-year roadmap for
both top-down and grassroots change, drawing
on academic expertise in behaviour change. As
she pointed out, meaningful indicators are need-
ed to know that the work we are doing is making
a difference. While she argued that REF should
not dictate work on research culture, the empha-
sis on culture in REF 2028 does help to sharpen
the focus on how institutions are creating an
enabling environment for research.

Institutional change

The potential impact of REF on individual insti-
tutions was evident from the story of how REF
2021 was used as a driver for change at Northum-
bria University. Professor Louise Bracken, Nor-
thumbria’s Pro Vice-Chancellor (Research and
Knowledge Exchange), explained how the uni-
versity significantly increased the number of staff
it submitted to REF 2021 and enjoyed success in
its REF outcomes. With regard to the upcoming
REF exercise, Professor Bracken acknowledged a
mix of excitement and nervousness about the
changes, including the decoupling of outputs
from individuals.

This ‘decoupling’ means there will no longer
be minimum and maximum requirements on
individual staff to submit research outputs. This
is part of a broader move away from focussing on
individuals and towards institutions and ‘team
research’ This principle was welcomed by Profes-
sor Simon Hettrick, Chair of the Hidden REF, a
competition to recognise the breadth of contribu-
tions to research. Hettrick sees decoupling as a
good policy, but cautioned that its impact will
depend on how it is implemented by HEIs.
Decoupling has been criticised by some and Dr
Hill recognised the risk that universities respond
by focussing resources on a small portion of their
research to maximise their REF scores.

As initial principles for REF 2028 are devel-
oped into more detailed plans, it is clear that many
in the sector are deeply invested in the impacts
they will have. As Professor Rees emphasised
in his closing remarks, REF 2028 will need to
straddle the numerous tensions that inevitably
result from measuring something as complex as
research excellence. There are tensions between
qualitative and quantitative approaches, between
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REF 2028

LOOKING TOWARDS 2028

On5July2023, an eventarranged jointly between the Foundation for Science
andTechnology, UCL and the Research on Research Institute, in association with
Research England, provided one of the first opportunities to discuss and debate
the plans with the architects of REF since theirrelease.

The speakers were Professor Geraint Rees, Vice-Provost (Research,
Innovation and Global Engagement), UCL; The Rt Hon the Lord Willetts, Chair,
The Foundation for Science and Technology; Dame Jessica Corner, Executive
Chair, Research England; Dr Steven Hill, Director of Research, Research
England; SirPeter Gluckman, Chair FRAPIAG; DrElizabeth Gadd, Vice-Chair,
CoARA; ProfessorJames Wilsdon, Director, Research on Research Institute,
UCL,; Professor Louise Bracken, Pro Vice-Chancellor (Research and Knowledge
Exchange), Northumbria University; Diego Baptista, Head of Research Funding
and Equity, Wellcome Trust; Professor Simon Hettrick, Chair, The Hidden REF;
EmmaTodd, Director of Research Culture, UCL.

Avideo recording of the event is available at: www.foundation.org.uk/Events

the technical work that needs to be done and the
limited time available, and between seeking the
intended behaviour change without leading to
‘game playing’

Opposing imperatives?

As Professor James Wilsdon, Director of Research
on Research Institute, recognised, the REF sits
alongside many other imperatives and drivers in
the sector, some of which may act as obstacles to
REF’s agenda.

While there will be no perfect way to master
these challenges, as REF takes shape, we must ask
ourselves the final questions posed by Professor
Wilsdon: How should we judge the success of
REF? What would look different in the sector if
REF ‘works’? Whatever one’s particular view on
what that picture should look like, there is certain-
ly potential for REF 2028 to bring positive change
to university research cultures. a
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ATIN DISEASE DETECTION

CONTEXT

Recentdevelopments have shown the potential for Artificial
Intelligence in the early detection of diseases such as cancer,
Alzheimer’s and retinal diseases. What is the current state of this
technology in medical science? How widespread is its application?
What will this mean for clinicians and patients? Are there particular
ethical implications and how should the use of this rapidly evolving
technology be regulated?

To explore these questions, the Foundation for Science and

audience heard from David Crosby, Head of Prevention and Early
Detection Research, Cancer Research UK; Mike Oldham, atthe
time Director of Early Detection of Neurodegenerative Diseases,
Alzheimer’s Research UK; Jessica Morley of the Oxford Internet
Institute, University of Oxford; and Tobias Rijken, Co-Founder
and ChiefTechnology Officer, Kheiron Medical Technologies.
Avideorecording, presentation slides and speakeraudio from
the event can be found on the Foundation website at:

Technology brought togethera number of specialists in this area
atameeting held atthe Royal Society on 14 June 2023.The

www.foundation.org.uk/Events/2023/The-use-of-Al-in-the-
early-detection-of-disease

The opportunities of using Al
for early disease detection

David Crosby

David Crosby is Head

of Prevention and Early
Detection Research at
CancerResearch UK
(CRUK). Previously, at

the Medical Research
Council, he oversaw various
science areas and research
funding programmes
(includinginflammation,
cardiovascularand
respiratory research). He
isnow developingand
implementing a new strategy
and programme of research
investments at CRUKwhich
aimsto accelerate progress
towards earlier detection
and prevention of cancer,
through anintegrated
multidisciplinary approach,
driven by equitable
improvementsin health
outcomes.

he early detection of disease depends on

three key issues. The first is who you test,

which is a matter generally of under-
standing risk. The second is how do you test: that
isamatter of technology. Then the third concerns
what is one testing for and the nature of what has
actually been found.

Al is set to have a major impact on all three of
these domains, as it will in virtually every aspect
of human life. What does it mean for the early
detection of cancer? Aspects of scientific research
and clinical care delivery are already being
impacted by Al

There is a great deal of evidence to show that
AT and machine learning can be trained to repli-
cate the function of, for example, a pathologist.
When a biopsy of a potential tumour is taken
today, a pathologist looks at a stained slide and
makes a judgment about whether this is cancer or
not. That judgment is based on pattern recogni-
tion: are they witnessing patterns of unusual cel-
lular shape and behaviour. Al is, of course, a pat-
tern recognition engine as is the human brain.

The machine can, in fact, be trained to essen-
tially replicate the judgments that humans make.
The problem with training the machine against
human judgments as the gold standard is that it
can then only be as good as the human judgments.
The problem with human judgments, though, is
that they are inherently flawed too. They can only
perceive what they can perceive and so there is
always the potential for small things to be missed
or misinterpreted.
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SUMMARY

® Alisapatternrecognition engine with many
potential applicationsin early disease detection

® The hopeisthatAl can betrainedto eliminate
variability and subjectivity

® Al can potentially spot more complex, subtle and
multifactorial patterns than a human can

® Almay be able to successfully integrate multiple
streams of data into an integrated assessment

® There are importantethical issuesin this
subject.

Thereisalso anissue of reproducibility between
individuals: a different pathologist maylook at the
same image and give a different judgment to her
colleague. Indeed, there is evidence in the literature
of variability within individuals: a given radiologist
at different moments of the day could make differ-
ent judgments from the same scan.

Transcendence

The hope, then, is that machines will not just rep-
licate human performance, but actually transcend
itand eliminate variability and subjectivity. That
applies to all image-based recognition areas
whether reviewing an MRI scan, looking at
pathology slides, or looking at images from an
inside your lungs or colon. Al is already showing
the potential to match human performance in
these areas — and the hope is that it can exceed it.
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Other technological advances will synergise
with AL For example, with early detection of col-
orectal cancer, the first test today is of the faeces
to seeifthereisblood. If so, the patient is referred
for a colonoscopy. A camera on a tube is inserted
into the body and the data is interpreted visually
by a human, who may or may not spot anything
suspicious.

There are now technologies such as capsule
endoscopy. The patient swallows a miniaturised
camerain a pellet, that then passes down through
the colon conducting continual video surveil-
lance as it passes through. Al can be used to
review hours of footage that would be extremely
time-consuming for a human to carry out. A
more complete picture then emerges with a com-
bination of technologies.

Blood tests

Another advance is the multi-cancer, early detec-
tion blood test (MCED). Tumours are unstable,
they break down and release their contents into
the bloodstream. That tumour DNA is subtly dif-
ferent from normal, healthy DNA. But the frag-
ments are so small and the concentrations so low
that they are quite difficult to spot. Now, though,
sequencing technology has advanced to the stage
where this looks like a feasible method of early
detection. And the advantage of blood tests is the
ability to test for a number of different cancer
types at the same time. In a given individual, one
can be looking for lung cancer, brain cancer and
colon cancer all at the same time.

There is a very large trial of one such technol-
ogy happening in the NHS right now. That tech-
nology hasbeen evolving over the past 10 years or
so. It originally came from looking at foetal
genomic aberrations. The traditional test for
Downs syndrome is ultrasound followed by an
amniocentesis. That has now been superseded,
because fragments of foetal DNA float around the
bloodstream.

So we have proof of principle but every cancer
is different and every mutation is different. There
are hundreds of thousands of permutations.
Looking across all those different variations
would be impossible for a human. But Al can
search for those patterns — these MCED cancer
blood tests are now feasible because machine
learning has been employed to detect the optimal
complex biomolecular signatures to search for
and which may tell us not just that cancer is pres-
ent, but where in the body it may be. That is a
clear example where Al has jumped beyond what
humans are capable of.

If it was known who was at elevated risk of
developing cancer, or indeed any other disease,
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One way ofimproving the detection rate is by only
testing people who are atelevated risk. Buthow do

we know who is at elevated risk?

then we could be potentially much better at early
detection. Any given disease is relatively rare in
the general population. And tests are imperfect. If
you tested everybody for cancer every year, there
would be vastly more false positives than true
positives. Now that is a problem with any testing
or detection strategy.

One way of improving the detection rate is by
only testing people who are at elevated risk. But
how do we know whois at elevated risk? There are
many areas of research where people are looking
at different types of risk factor. Some people are
interested in genomic risk of cancer, the genes
you were born with which put you at differentlev-
els of risk. There are people who are interested in
socio-economic determinants of health, which
includes the environment you are born into, the
pollution you grew up in and are exposed to day-
by-day etc. Then there are people who are inter-
ested in behavioural risk: e.g. diet, exercise, tobac-
co smoke - all risk factors.

Now, AI might enable us to integrate all of
these. Thatisa very complex proposition because
it involves thousands of variables. Yet that is the
hope: that AI will make a major impact in inte-
grating multimodal data to assess who is at risk
and who should be tested in the first place.

Impacts

So those are the three main areas where we will
see significant impacts. One of the caveats,
though, is that just finding something is not the
end of the story. A great deal of disease can be
inconsequential. Many prostate cancers are
inconsequential, for example. They are growing
so slowly that the individual will die of some-
thing else long before prostate cancer would do
any harm. Equally, to build a machine that
detected everything would generate a huge
treatment burden on the NHS, which may or
may not actually have any impact on anyone’s
quality oflife or longevity.

Among other big caveats are stress and anxiety
and their psychological ramifications. We have to
think very carefully about what people want to
know about risk and whether they have incipient
disease, and whether we can really help them to
lower that risk or prevent that disease. Those are
important ethical considerations as we think
about the future of Al in early detection. O
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To build a machine
thatdetected
everything would
generate a huge
treatment burden on
the NHS, which may
or may not actually
have anyimpacton
anyone’s quality of
life or longevity.
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Finding the early signs of
disease

Mike Oldham

Mike Oldham was Director
of Early Detection of
Neurodegenerative
Diseases at Alzheimer’s
Research UK (ARUK) at
the time of the meeting.
Their programme involves
harnessing the potential
of digital technologies

to collectawide range of
digital data to develop
tools fordetecting
neurodegenerative diseases
attheirvery earliest stage.
Mike is an engineer who
has spenthisrecent career
working ininnovation,
helping new technologies
make the difficultjourney
from research to industry.

We do not need Al to
diagnose dementia
butwe do need Al
and machine
learning to help
detect the diseases
that cause dementia.

ementia is one of the biggest health chal-

lenges of our generation. One in three

people will go on to develop dementia:
Alzheimer’s disease accounts for about two thirds
of those. During the next decade, we need to rev-
olutionise the way we treat, diagnose and prevent
dementia. First generation treatments, drugs that
are intended to strip amyloid out of the brains of
patients, are already showing positive, albeit quite
modest, results, slowing down cognitive decline.
There is light at the end of the tunnel. All the
research, though, is pointing to the importance of
early detection and diagnosis. If you cannot
detect the disease, you cannot treat the disease.

Detection and diagnosis are different. Demen-
tiais a set of symptoms caused by neurodegener-
ative diseases. Alzheimer’s is the most common.
Detection is the ability to determine the presence
of that disease, the first changes that are happen-
ing in the brain. Diagnosis is when a clinician
takes all of those facts and makes a clinical judg-
ment about an individual. Someone once said to
me that most dementias are diagnosed by acci-
dent, when there is an accident or a catastrophic
trigger event. Then we ask what is causing it. In
future, we will have to start diagnosing the diseas-
es that cause dementia before the symptoms of
dementia become apparent.

We do not need Al to diagnose dementia but
we doneed Aland machine learning to help detect
the diseases that cause dementia. There are two
complementary technologies employed at the
moment in early detection. The first is pathology:
amyloid and tau in the brain cause tangles which
cause dementia, hence the latest drugs are
focussed on stripping the amyloid out of the brain.
Blood tests, PET scans and intrusive lumbar punc-
tures are used to detect these proteins in the blood.

Cognitive functional testing is the other meth-
od in widespread use. This indicates when the
brain is starting to change the way it works. The
technique measures working memory, episodic
memory, executive function, speech, language,
etc. Genetic risk also needs to be considered.

We are on a journey from paper tests to digital
to AL For example, the clock test is a well-estab-
lished tool: draw a circle, put the numbers on it,
put the time in it. The first step is to replace the
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SUMMARY

® Oneinthree people will develop dementia

® Earlydetection and diagnosis are extremely
important

® Weneed Aland machine learningto help detect
the diseases that cause dementia

® Al can help clinicians pick up subtle patterns
thatare noteasyto see

® We need sufficiently large datasets to avoid bias.

paper with keyboard or tablet entry. Then use Al
and machine learning to reproduce what a good
clinician can do. The next step will be to detect the
patterns that are currently too subtle for the clini-
cians to spot.

Alisalso starting to support voice and language
models, with the ability to analyse large amounts of
data and extract relevant features. Cognitive
impairment can be measured as speech and lan-
guage change. Some of these tests are still in clinical
trials, but looking to move into clinical use soon.

Meaningful measurement

Asan engineer, the first question must be: can we
measure clinically meaningful data? The ARUK
EDoN Project, for example, has at its centre a real-
ly strong cognitive test measuring working and
episodic memory, executive function, speed of
information-processing, attention, speech and
language. Can we make these tests more sensitive
by adding data on things like gait, sleep, social
activity, mood, eye movement, EEG, etc? Most
people with relatives or friends with dementia
will have seen all of these aspects change progres-
sively and quite slowly. The challenge is to detect
those subtle signs as early as possible.

We build the Al models using patient data in
research cohorts; we start by plotting the time
steps of somebody going into a clinic and having
aseries of scans, blood tests and memory tests. We
then compare that with what the digital tests are
telling us at the same time. The ultimate goal is to
do away with the highly intrusive scans and test-
ing and instead rely on the digital markers, iden-
tifying where people have a problem and then
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placing them back into the system. Ideally, we
want to be able to carry out a series of tests on an
individual and then supplement it with some sort
oflifestyle tracking, in order to plot their trajecto-
ry of cognitive decline.

Another challenge is how to deal with the
diversity of the population. Can these models
really separate out the complex entanglements of
geriatric depression and cognitive decline, peo-
ple’s education (particularly in early years educa-
tion) and many other factors? There is a huge task
in front of us.

Evenifit were possible to tell an individual that
they were on a particular trajectory, we would not
act without understanding the pathology. Some
drugs are very expensive and can have significant
side effects. They would not be prescribed to
somebody on the premise of just a digital test. The
buildup of amyloid would need to be confirmed
and one would want to know that the target was
there in the pathology, in order to strip it out.

The biggest challenges, as ever, concern data
and practicalities. First, what do you want to mea-
sure? Who do you want to measure that in? Who
are the at-risk groups? Then we need a secure data
platform to carry out all the harmonisation and
the pseudomisation. All of those processes have to
be completed before the data can be handed over
to machine learning experts in order to extractall
the meaningful clinical data. After that, how do
you cascade this to a clinical audience in an
explainable way?

Data is a real challenge. How much data is
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needed to build unbiased Al models? Many com-
panies, particularly startups, are working with
small datasets. Yet these risk inducing bias and we
cannot afford to do that in dementia. Black and
ethnic minorities, as well as women, are signifi-
cantly more at risk of dementia than the general
population and yet are under-represented in
research. We cannot afford to make the biases any
worse. That is why initiatives like the ADDI glob-
al data sharing platforms are enormously valu-
able in enabling a sufficient scaling-up the
amount of data.

We are often asked if people really want to
know if they are going to develop Alzheimer’s
dementia. According to our research, 74% of the
population say they want an early diagnosis, with
38% saying they would like to know 15 years
beforehand, so that they can plan and get things
ready. It is so important that we get this right.
Without appropriate regulation and appropriate-
ly trained models, people will go looking for
answers in wellness apps and the dementia clinics
will be clogged with the worried well.

We want to revolutionise the way we treat
Alzheimer’s. Early detection is key to that. Aland
machine learning are the key to unlocking the
power of early detection. Large amounts of
well-characterised patient data are absolutely
essential to build Al models that are unbiased and
representative of the population. Patient data is
where we need to start this journey. O
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How can we identify the

contribution of AI?

Jess Morley

The Institute for Healthcare Improvement
(IHI) Triple Aim for the NHS is to
improve the population’s health and
improve the experience of care while reducing the
per capita cost. Thisis to be achieved by ‘P4’ med-
icine; that is, medicine which is predictive, pre-
ventative, personalised, and participatory.
Essentially, this means gathering data on an

JessMorleyis aresearcher

atthe University of Oxford. individual all the time, using algorithms to find
Herwork focusses on thelevel of personal risk and determining person-
the use of health data for

: alised risk stratification. Then the appropriate
research and analysis, d identified t id lised
includingthe development rugs are identified to provide personalised, ear-
of Al-based clinical decision lier levels of intervention. This should reduce cost
supportsoftware. She becauseitis cheaper to treat people early than late
wasthe co-author of the - orindeed to prevent people from getting sick in
Government-commissioned the first pl Ultimately: this should i h
Goldacre Review of April efirs p a)ce. 1mately, this should improve the
2022. Priorto working population’s health.
full-time in academia, Jess Data is at the heart of this concept. It perme-

was acivil servant forthe ates the healthcare system the entire time, not
Department of Health and . . .. . T
Social Care/NHSX. only improving our ability to diagnose individu-

al patients earlier, but also improving our ability
to record and monitor the overarching perfor-
mance of the healthcare system and so deliver
better outcomes.

Clinical decision support software (CDSS)
has existed in the NHS since the 1980s. Further,
the first paper promoting the idea that Al might
help with diagnosing and diseases was published
in 1959, so the concept has been known for a
long time. CDSS is not very smart, though; it
works on pop-ups based on flowcharts. If I go to
my GP, for example, there will probably be a
pop-up that appears in the electronic health
record system to say: Jess is female, over 25,
needs reminding to go to cervical screening.
That is not very sophisticated.

More recently, there have been attempts to
measure an individual’s hazard ratios compared
to different people in the population - i.e. com-
pared to a baseline using large numbers of patient
records — and predict the likelihood of adverse
reactions to infection. In essence, these are mod-
els oralgorithms predicting risk, which allow ear-

Thefirst paper promotingthe idea that Al might help
with diagnosing disease was published in 1959, so
the concepthas been knownforalongtime.
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SUMMARY

® Data permeatesthe healthcare system

® The NHS has notalways been able to embed large
scale technology transformation

® The NHS is committed to supportinnovations
with potential to save lives

® Alhasthe potential to change the way the health
service works

® Al cannotreplicate the relationship between
patientand clinician.

lier intervention at the point of care.

However, the NHS does not have a good
record in large transformations of technology on
this scale. The NHS National Programme for IT
(NPAIT) was the biggest public sector IT transfor-
mation programme in the world. It cost a great
deal of money and did not achieve its projected
outcomes. However, it did deliver the NHS Spine
which allows information to be shared securely
across national services, a vital platform for the
organisation.

A question of consent

Projects to do with data have also been unsuccess-
ful. For example, the Royal Free and Deep Mind
tried to develop an app called Streams, which
would alert clinicians to people who were likely to
get acute kidney injury. However, they misinter-
preted data protection law. If the purpose is direct
care, i.e. one doctor talking to another doctor,
patient consent is not needed in order to transfer
the records. If the purpose is research, patient
consent is needed.

The Royal Free thought that because it was
developing the app for use in the hospital, this fell
under direct care, whereas in fact it fell under
research. They had handed over many thousands
of patient records without consent and had bro-
ken the law.

So should the NHS cease this activity? No,
because the NHS constitution states that it is com-
mitted to supporting innovation when there is the
potential to save lives. And we know that potential
is there. But healthcare is complicated.
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Alis complex, too. Remember, too, that we are
not trying to deal with just one type of condition,
we are trying to screen every individual for every
possible condition at all times. Hardware does not
always work, data quality issues can arise. Most of
the population is not well-represented in our
healthcare data.

The NHS is often presented as having the best
healthcare data in the world. And we do, but it
needs a lot of work to make it work, then it has to
be integrated into clinical systems, you have to
pass data protection requirements — and all of
these stages have to go well for a project to succeed.

Re-ontologising means fundamentally trans-
forming the healthcare service. Al has the poten-
tial to change what counts as knowledge about the
body. This is because Al monitors things that we
can record quantitatively — heart rate, how many
steps a person takes, how much sleep they get. Yet
it cannot measure how you feel and what your
outcomes are. Often people go to the doctor when
they just do not feel like themselves. That is an
early indicator that AI cannot measure because it
is not quantitative.

Should we only take account of what appears
in the data, not what people say about themselves
asaperson? That would change who has the right
to say that they have knowledge about the body
- the algorithm or the person. In that case, we
would only be considering the ‘data clone’ of an
individual. That data clone may not accurately
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represent the person and their physical body.

We know that healthcare is as much about the
dynamic between the patient and the clinician as
the treatment itself. Als cannot replicate that, they
are nothuman. Whileitis possible to teach a Large
Language Model to mimic an empathetic-sound-
ing human, it will never understand what that
actually means.

Treating everybody?

Not everybody is — or will become - equally
represented in datasets. Not everybody has access
to the latest smartphones. People who do not
have a fixed address might not appear in electron-
ic health records, although they are equally
deserving of care.

Looking to a future where AT helps to prevent
disease earlier, we should be focussing on aspects
ofinformation and utility. Does this application do
something useful? Is it screening for something
that we can actually treat? Is it usable - can the cli-
nician actually run it in a clinic and understand
whatitsays? Does it actually work — at the moment,
Al is very precise and very accurate, but there is
little evidence that it can improve outcomes in the
real world. And, then, do people trust it?

If we can address those four things - utility,
usability, efficacy and trust — we will have success.
If we cannot, we will not. d
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Healthcareis as
much about the
dynamic between
the patient and the
clinician as the
treatment itself.
Als cannot
replicate that.

Not everybody is
equally represented
indatasets. Not
everybody has
access to the latest
smartphones.
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Providing benefits for the
whole population

Tobias Rijken

TobiasRijkenisthe
co-founderand CTO of
Kheiron Medical, a leading
developerof Al cancer
diagnostics. Kheiron’s
breastscreening solution
isalready helping doctors
improve early breast cancer
detection. Tobias has an
MScin Computational
Statistics and Machine
Learning from UCLwitha
Deep Learning focus. Before
founding Kheiron, hewas a
Machine Learning scientist
atBenevolentAl applying
Deep Learninginthe
pharmaceutical industry.

Making sure that Al
works for every
woman everywhere in
anunbiased way is
key. Ifthe Alis
trained on biased
dataorasmall
dataset thatis not
representative of the
general population,
thenitwill not
generalise.

ancer detection and treatment raises a

number of issues concerning informa-

tion problems. Can we detect the cancer
in the first place? How do we diagnose it and at
what stage? What is the best treatment plan — and
how should it be monitored to verify its efficacy?
Then, when a person regains their health, the
whole process must start again because the cancer
can come back.

At Kheiron, we began at the start of the pro-
cess, which is detection: you need to detecta can-
cer before you can do anything else. We focussed
on breast cancer screening because it is one of the
best-defined screening programmes we have
today. Depending on the country, women
between the ages of 50 and 75 are screened using
mammography every two to three years.

Addingresource

To introduce Al into clinical workflow, the aim
should be to keep everything else as much as pos-
sible the same but to help where there is a clear
need. The problem for breast-cancer screening is
the huge workforce crisis. The Royal College of
Radiologists published a report recently in which
they noted there is already a 29% shortfallin clin-
ical radiology with 50% of vacancies remaining
open for more than 12 months. The NHS is cur-
rently spending £223 million a year on overtime
and outsourcing costs to address the shortage of
radiologists. That is not sustainable.

This is where AI can help. The breast cancer
task for radiologists is well defined: should we call
back this woman back for further examination -
yes or no? There is no diagnosis here: thisis detec-
tion. Only 1% of women in the screened popula-
tion have breast cancer, the other 99% are healthy.
Maybe 10% of those are difficult to decide and
those are the ones that matter.

How can we bring Al into the workflow in the
simplest and most effective way? The Kheiron Al,
called Mia, performs the same task as the radiol-
ogist, so it can be fitted into the process in a very
flexible way (see Figure 1). On the top left is the
current standard which is double reading. Every
mammogram is read by two radiologists: when
they agree with each other that is fine, when they
disagree an arbitrator radiologist is called upon.
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SUMMARY

® Breastcancerscreeningis averywell-defined
programme

® Alcan help meeta shortage of skilled clinicians

® GettingAlinto clinical practiceis notatall easy

® (Generalisability is key to maximising the value of
Almodels

® Beingable to monitorand adjustforchange is
critical to success.

This is incredibly wasteful in terms of resources
because these two radiologists agree on the vast
majority of cases. We want to reach a situation
where Mia becomes one of those readers because
that takes care of approximately 50% of all the
reads in one go.

As another possibility, we have also identified
thatan additional arbitration step (see top right of
Figure 1) can increase the cancer detection rate:
weare seeing clinical evidence for this in Hungary.
That does not reduce the current standard of care,
there are still two human radiologists and also an
arbitrator. This would justadd Mia as an addition-
al step to help identify some cancers earlier.

Clinical practice

Getting Al into clinical practice is not at all easy.
Miaisalready being used in Aberdeen asaservice
evaluation. Our Libra study is one of the first UK
prospective studies and Mia is already being
deployed in 15 screening units. By the end of
2023, we should be screening half a million
women per year in the UK.

Generalisability is a key issue, making sure
that AT works for every woman everywhere in an
unbiased way. AI models are built on existing
datasets but the aim is that it should work well on
future data as well. If the Al is trained on biased
data or a small dataset that is not representative of
the general population, then it will not generalise.

To address this, Kheiron decided early on to
build one of the largest — and most diverse — data-
sets in this field. Our data comes from the UK,
Europe, Asia, South America and North America,
incorporating different genetic makeups from
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The KheironAl,

called Mia, performs
the same task as the
Standard double reading (DR) Mia as an Extra Reader (XR) radiologist, soitcan

be fitted into the
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[ Figure 1. Options forincorporating Al into the breast-screening process
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(Source: Kheiron Medical Technologies)

different hardware devices with different As an example, one of our monitoring tools
post-processing software, even different screen-  noticed that one hospital suddenly reported a
ing programmes. We demonstrated our resultson ~ completely different number of call-backs for
avery large retrospective study of 275,000 cases. ~ women. It turned out the hardware vendor for this
The purposeistobuild Althat works forevery  hospital had upgraded their post-processing soft-
woman everywhere. One area of focus for usis  ware, but they had not told the radiologist or the
breast density which is one of the risk factors. hospital. We told the radiologist and were able to
African American women have a slightly higher  recalibrate the model quite quickly. Being able to
risk of being diagnosed with breast cancerandwe  detect changes to the data or the model in real time
are working with Emory University which hasa  isabsolutely critical to the safe deployment of AL

large African American population. We are now Bringing Alinto clinical practice ishard. There
testing how well the Al generalisesand theresults  isno clear path to adoption at the moment. This s
so far are looking good. notjusta technical problem to be solved, there are

Aldevelopmentis, however, just thebeginning  questions about who pays, who makes the deci-
of the story. What happens next? Aland dataare  sion about software in population-based screen-
not stationary; indeed, data changes all the time. ~ ing programmes, etc — a series of challenges still to

Those changes may affect how the Al performs.  beaddressed and resolved. a
That is not necessarily a problem provided you
monitor it and take appropriate action. DOI: 10.53289/QKKC2474

Earlyin the Covid pandemic, the NHS decided
to stop screening for breast cancer. A couple of
months later, when screening programmes
reopened, we noticed that our Al started behaving
differently, calling back more women - and it was
not just us, the radiologists were doing the same.
Now, that was completely natural because the can-
cers had more time to grow and the distribution
had changed. The cancers were now bigger and we
could detect that with our monitoring.

An Al system is more than just an Al model.
It consists of the model itself, hardware to make
the inference, but also modules that help deter-
mine whether this data is representative and if
the outputs are along the lines expected. Other
modules can help detect drift or bias — or the Arecentreport found there is a29% shortfall in clinical radiology with
quality of the image. 50% of vacancies remaining open for more than 12 months.

SHUTTERSTOCK/ ORION PRODUCTION
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AT IN DISEASE DETECTION

The debate

Afterthetalks, the speakersjoined a panelto discussissues raised by the audience. These included:
comparative advantage; the UK system, bias, regulation and standardisation.

Iis driven by applying enormous com-
A puting power to very large datasets and
if the UK has any kind of comparative
advantageitlies in our healthcare datasets. These
will be of interest to the developers of Al
The UK has substantial sets of longitudinal
health records. It also has alarge and very diverse
population. However, much of this data is kept in
legacy systems which may be difficult to access.

Practical issues

There are practical issues though. The data will
already have some bias encoded, which has to be
considered at the start of the data collection pro-
cess. So for example, all the mammograms in the
UK will come from women in a certain age range,
because that’show we designed the screening pro-
gramme.

The advantage the UK has is that we have a
unified single system, a lifelong system, with an
NHS number, patient identifier, and things can
be tracked over time. However, the UK has man-
aged to shoot itself in the foot several times over
the issue of public trust. We did not engage with
the public enough, before trying to implement
these initiatives. So then there was a backlash

with people opting out, withdrawing their con-
sent for the data to be used for research. So public
trust, communication, getting people on side is
going to be the key to realising the potential of
our health system as a data source.

There are major challenges about both regu-
lation and standardisation for this field. Howev-
er, the regulators are catching up and making
major efforts to reconsider the way that they
regard these technologies, how they classify
them and how they evaluate them.

Pathway

What the country does not have yet is the estab-
lished pathway we have for drugs, for example.
There are clear thresholds and standards for eval-
uating whether the extent to which a new drug
works is worth the money that it costs. There is a
process. There is no such process for medical
technologies, including Al although thereisalot
of work taking place to develop this.

But there will always be early adopters. Stan-
dardising the adoption of technology comes
later. So there has to be some flexibility where
early adoption and implementation are piloted
in certain places as testbeds. O

FURTHER INFORMATION

Alzheimer’s Research UK www.alzheimersresearchuk.org

Cancer Research UK www.cancerresearchuk.org

Institute for Healthcare Improvement Triple Aim www.ihi.org/Engage/Initiatives/TripleAim/Pages/default.aspx

Kheiron Medical Technologies www.kheironmed.com

NHS Spine https://digital.nhs.uk/services/spine

Royal College of Radiologists Workforce Census 2022 www.rcr.ac.uk/clinical-radiology/rcr-clinical-radiology-workforce-census-2022

Wellcome Trust https://wellcome.org

FST PODCASTS

The Use of Al in healthcare - Professor Chris Holmes, Programme Director for Health and Medical Sciences at the Alan Turing Institute
www.foundation.org.uk/Podcasts/2023/Professor-Chris-Holmes-The-Alan-Turing-Institute
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EDIIN STEM

CONTEXT

InMarch 2023, the House of Commons Science and Technology
Select Committee launched its report on Diversity and Inclusion in
STEM, which highlighted the importantrole Government can playin
promoting and supporting EDI. The report came two years afterthe
Government published the Research and Development People and
Culture Strategy and in the intervening period a number of science
and technology organisations and funders have reviewed Equity,
Diversity and Inclusion (EDI) within their own organisations and
across UK science and technology.

On28June 2023, atan event hosted between the Foundation

forScience and Technology, the British Science Association and

the Science Council, speakers from across the sector provided
insights into this subject. The speakers were: Dr Lilian Hunt

from The Wellcome Trust; Rachel Lambert-Forsyth of the British
Pharmacological Society whois a Science Council Trustee; and
Kevin Coutinho from the London School of Hygiene and Tropical
Medicine, who is a British Science Association Trustee. Avideo
recording, presentation slides and speakeraudio from the event can
be found on the Foundation website at: www.foundation.org.uk/
Events/2023/Equity,-Diversity-and-Inclusion-in-STEM

Creating an environment
for people to explore their

potential

Lilian Hunt

SUMMARY

® Workto create greater equity, diversity and
inclusion has been taking place fordecades

e STEMis a creative activity and needs equity,
diversity and inclusion to flourish

® Many ofthe initiatives in the area come from the
grassroots

® Theworld of STEM reflects the imbalances of
widersociety

® EDIisamatterofsocial justice.

DIS is a coalition of 29 organisations
Eacross the life science and health research
sectors with shared commitments around
Equity, Diversity and Inclusion (EDI), emphasis-
ing its importance as well as the need for senior
leadership engagement and for collaboration.
Itisimportant to note that this work is not new,
it has been going on for decades, for example
through Women in STEM and Black Women in
STEM. There are reports that go back to the 1960s
and 1970s, in the US, the UK and across the globe,
providing recommendations that we would have
expected to see taken up by the House of Com-
mons Science and Technology Committee.
The Government’s response to the committee’s
report talked about ‘entrenched imbalances),

fst journal www.foundation.org.uk

which is really pale language. It does not address
the fundamental problems of social injustice and
inequalities. The committee itselfhas said that the
response from Government was weak. [ think the
quote was: “It's a plan for a plan.”

The inquiry

In 2018, there was a My Science Inquiry where
the public were invited to put their requests to the
Science and Technology Committee. Professor
Rachel Oliver first submitted the suggestion for
an inquiry into the impact of science funding
policy on equality, diversity, inclusion and acces-
sibility. The current inquiry is therefore the result
of a grassroots push, and much of the work in this
area is still coming from community activism
and collaboration.

The APPG on Diversity in STEM, established
with the British Science Association as secretari-
at, followed shortly after the My Science initiative.
After the 2019 election, committees changed and
the inquiry was shelved. In 2020, the APPG set up
an inquiry into Equity in the STEM Workforce,
which generated a brilliant piece of work that pro-
vided a foundation for the Science and Technolo-
gy Committee inquiry launched in 2021.

Evidence was submitted to the inquiry from the
public, from communities and from a range of
organisations. Unfortunately, their suggestions
have been weakened and diluted in the final report.

DrLilian Huntis the Equality,
Diversity & Inclusionin
Science and Health (EDIS)
Lead in Wellcome’s Equity
Diversity and Inclusion (EDI)
team. They received their
PhD in Genetics from UCL
while atThe Francis Crick
Institute where they helped
bringtogetherthe founders
of EDISin2016. Lilian
hassince developedthe
coalition, supportingthe 29
EDIS membersto deliveron
their EDI strategies covering
inclusive research, culture
and careers.
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EDI IN STEM

People believe that
STEM is objective
and that careersin
STEM are structured
in an objective way.

43% of researchers
had experienced
bullying or
harassment while
close to 70% had
witnessed it.

It is really important to note the balance of
power in society — the systems, the structures,
access to and distribution of knowledge, resourc-
es, history, culture. People do not see that these
forces pervade STEM as well: they believe that
STEM is objective and that careers in STEM are
structured in an objective way.

We are all products of what has happened in
our lives to date and the people we interact with
- from role models to our families and the people
we work with - as well as our own personalities.
This influences the way we prioritise, the way we
interpret situations, even the way we carry out
research and innovation.

Diversity and inclusion are fundamental to
harnessing creativity and STEM is a creative pur-
suit. The idea that we would exclude any group
based on their identity or experience, or even pre-
vent groups from expressing their creativity with-
in the STEM workforce, does our entire country
adisservice.

It is crucial that we keep making that case,
because there are too many people who just do
not see a problem.

There were some very disappointing parts of
the inquiry itself. There was an MP suggesting
that young women chose physics at a particular
university because of a ‘sexy professor. Several
people suggested that girls do not do physics
because they are somehow conditioned not to like
hard maths. There was an instance of a witness
giving oral evidence being pressured to name and
shame employers and leaders who were bullies -
the committee did not consider the consequences
for that individual.

There was disrespect for non-STEM subjects
as well, by suggesting that STEM was more diffi-
cult and also more useful. Now, I am a geneticist
myself, but I recognise that without the ability to
interact with cultural and historical reference
points, STEM tends to repeat the mistakes of the
past in our methods and in our impact.

So the inquiry was not entirely smooth sailing,
nor completely positive.

Social justice
One of points EDIS made was about social jus-
tice. This is about putting fairness at the heart of
what we are doing here. This issue is not at root
about business productivity, it is fundamentally
about fairness. That is not just equality of oppor-
tunity, but also equality of outcomes, because the
system has been so heavily weighted against
some people for so long.

If we see that there is significant under-repre-
sentation, and that barriers exist for some peoplein
the STEM research and innovation endeavour, we
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have to counter this not just bylevelling the playing
field, but through a more active rebalancing, at
least for a while until you reach equality. I use the
metaphor of rowing down ariver. Stop rowing and
the river will still carry you in the same direction as
it has always done, so we have to actively row
against the stream to get somewhere else.

The Government response to the committee’s
report has focussed on education: early years edu-
cation and secondary education. Now these are
really important stages on the journey. Yet the
Government did not address the fact that science
capital is built throughout a career, whether that
isinresearch, in academia or in industry. Science
capital is not just built on what you know but also
who you know, where the opportunities are,
engaging with people who fund your work or
want to employ you. There are good reasons why
Nobel Prize winners often have Nobel Prize win-
ner parents and PhDs have PhD parents: it is
because someone has told them how that system
works, as well as the value and the benefit of it.

The Government response sets a 2030 target for
amore diverse range of people to enter the science
and technology workforce. ‘Entering’ the science
and technology workforce does not mean staying,
having a satisfying career and producing the best
work. Further, it is not sufficient to just aim for
‘more’ diversity without any measurable targets.

Culture

People experience the culture within science and
technology differently, for example there are var-
ied opinions about the value of competitiveness.
The Wellcome Trust’s Research Culture Survey
found that 43% of researchers had experienced
bullying or harassment while close to 70% had
witnessed it. Those numbers are shocking. There
are targeted interventions across the whole of the
sector that can improve the situation.

EDIS put forward a number of recommenda-
tions to the committee. The first was for invest-
ment in inclusive STEM education with a focus
on building science capital at all stages, including
beyond PhD stage. We asked for proactive steps
to remove bias and ensure equal outcomes. We
want support for organisations to create change
and embed good practice. Legal frameworks need
to be updated, there needs to be greater dissemi-
nation and uptake of guidance. We want invest-
ment in positive culture and incentives that
reflect diverse contributions — and when we say
invest, we mean money. Finally, we want consis-
tency in the design, implementation and moni-
toring of EDI interventions. O

DOI: 10.53289/CFRM8074
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EDI IN STEM

Bringing the sector together

Rachel Lambert-Forsyth

SUMMARY

Tosucceed there needsto be senior level
commitment

® |tneedsto be effectivelyembeddedinthe
organisation

® Socialjusticeisacrucial elementinthe
programme

® [tisnotjustwhatwe dobuthowwedoit

® We need to make betteruse of data.

he Declaration on Equity, Diversity, and

Inclusion (see box below) was developed

by the Science Council with its member-
ship in 2014. All members of the Science Council
sign up to this when theyjoin. It is designed to be
an outward statement of their commitment to
ensuring EDI is embedded across the organisa-
tion and can be used to drive commitment and
action in this area.

In 2022, the Science Council’s EDI steering
group reviewed the Declaration and updated it.
We updated the language, moving from a focus on
‘equality’ to one on ‘equity’, i.e. equality of out-
comes.

Within it, there are four key elements. First,
appoint a board level diversity champion. Their
role is to work in partnership with the senior
executive team to advocate for equity, diversity,
and inclusion. This commitment must come
from the top of the organisation and the appoint-
ed champion must have an interest, a passion and
an enthusiasm for moving this work forward.
Otherwise, it will never become embedded at the
heart of the organisation and be a golden thread
running through all programmes, projects, out-
comes, decisions and processes.

Accountability

Such an appointment also ensures accountabili-
ty at board level, and within the senior leader-
ship team, improving practice and communicat-
ing what the EDI strategies are, so that staff and
other stakeholders can get involved and contrib-
ute to progress.

The second area concerns planning and imple-
menting an effective programme of work that will
embed these aims in the organisation. The third
is introducing measurement, assessment, and
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reflection on progress — and then of course
reporting on those results. Data is crucial to sup-
port this process.

It is easy to state a commitment to increased
and broader diversity but what does that really
mean, especially if the baselines from which they
start are not clear? It is not possible to know
whether the commitment has made a real differ-
ence if continual measurement and reporting are
not carried out using adequate levels of data.

To be effective, our commitment to measuring
and reporting data must be renewed on a regular
basis and maintained in between. The Science
Council can help hold their members to account
by asking them for data and encouraging them to
show how they are improving.

The final element goes back to the convening
opportunity within the Science Council. We want
to share progress and learning across the sector.
There is much that has already been done and is
being done. We want to reduce duplication and
bring together learnings so that everyone can
share good practice.

Science capital
Science capital is often referred to in discussions
about young people and the different stages of
their careers. The work that has been carried out
by Professor Louise Archer' can help organisa-
tions like the Science Council to understand how
we can effect change in the system and so widen
and increase participation in STEM long term.
The Science Council, in reviewing the Decla-
rationin 2022, took the decision to change its lan-
guage to ensure that equitable approaches are
harnessed to deliver equality of outcomes. Our
membership is broad with differences in size and
resources, so it was not surprising there were
challenges to that change of language. We have
spent a lot of time working with the member

Rachel Lambert-Forsyth

is Chief Executive of the
British Pharmacological
Society (BPS) and Managing
Director of BPS Assessment
Ltd (BPSA). Working closely
with the BPS Counciland
seniorleadership team,
Rachelis responsible
fordelivering the vision,
mission and strategy of the
British Pharmacological
Society, and its subsidiary
companies. Priorto moving
tothe BPSin March 2020
she held the position of
Director of Membership and
Professional Affairs at the
Royal Society of Biology. At
the time ofthe session, she
held the role of Diversity
Champion onthe Science
Council Board of Trustees.

THE SCIENCE COUNCIL DECLARATION

By living the values of equity, diversity and inclusion, and critically assessing
and acknowledging the inequalities that exist, the Science Council and its
member bodies will create greater opportunity for any individual to fulfil their
scientific potential, irrespective of their background or circumstances. In so
doing it will also help science to better serve society by attracting the widest
possible talent to the science workforce and fostering a greater diversity of

scientific ideas, research and technology.
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SHUTTERSTOCK / EVERETT COLLECTION

Despite all the
investments that
have been made,
science and STEM
have not moved away
from the stereotype
of the white, middle
class, able-bodied
manin awhite coat.

organisations to understand how this change in
language affects their practice, but there is still
work to be done.

Social justice is then the next area of focus.
Where are the barriers? How can we break down
the structures that are maintaining those inequal-
ities? There have been many efforts over the years
towiden participation in STEM. So, how can these
bebrought together better? Where are the data that
help us verify what is working and what is not?
Data can identify projects that are not working or
indeed might be detrimental to progress, and can
identify programmes that are making a positive
difference. Decisions can then be taken about
where to use often limited resources, to further
positive interventions and stop or change those
interventions which are not working.

One point to note is that, despite all the invest-
ments that have been made, science and STEM
mostly remain dominated by privileged people.
By that, I mean white, male, middle class,
able-bodied, non-neurodiverse, etc. That is espe-
cially true in subjects like engineering, physics,
and computing, but not solely those subjects.
Existing efforts often focus on expanding the
young people coming in, rather than changing the
system around them. This creates barriers to
STEM and exacerbates inequalities.
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If that is true, then the main issues are the sys-
tems (white supremacy, patriarchy, social class
and ablism etc) and those practices that play a role
in excluding and dissuading people from choos-
ing and remaining in STEM and science. That is
why this concept of social justice is important to
progress further.

Yetitis not just what we do but the way we do it
that is important. Approaching these discussions
with kindness and understanding and an open-
ness to other views is important. Often the under-
pinning values and mindset that pervade our
organisations come from us. So, we must be more
self-reflective and open to critical analysis of our
own natural biases, in order to identify how this
affects our decision making.

The Science Council’s Progression Framework
was developed in 2016 in collaboration with the
Royal Academy of Engineering. It aimed to help
professional bodies track and plan progress on
diversity and inclusion.

We updated it together in 2020. It now sets out
four levels of good practice across 10 areas of
activity that professional institutions and scientif-
ic bodies encompass, from governance and edu-
cation to outreach and metrics. It provides a
framework within which to assess each of those
functions — how we are doing, the areas where we
need to invest more time or effort and those parts
of the organisation where we are doing well.

Recently we have been reflecting on the impact
of this framework and how we can make better use
oflongitudinal studies to gather the data to under-
stand the process of change and the opportunities
we have to make it more effective.

The Select Committee report highlighted the
need for the sector to take a more systematic
approach to EDI, making the STEM ecosystem a
beacon of good practice when it comes to
addressing underrepresentation. This is exactly
what the Science Council has been trying to do
for its own community. We are keen to work with
the Government to grow this activity further.
Some of the examples given in the report —
around diversity in decision-making, various
hiring practices, are a great challenge to the com-
munity. There are ways that the Science Council
can convene and discuss these ideas further and
we look forward to continuing to work with our
members and the wider scientific community to
ensure science really is for everybody. O

DOI: 10.53289/1JWW7657
Lwww.ucl.ac.uk/ioe/departments-and-centres/
departments/education-practice-and-
society/stem-participation-social-justice-
research#sciencecapital
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Building science capital
throughout a lifetime

Kevin Coutinho

SUMMARY

® Changeinthisfield can seem slow and not well-
connected

® Science capital needsto be nurtured, supported
and retained

® The challenge isto harnessthe many existing
programmes

e Communities need oursupportin orderto deliver
theirown science programmes

® Weneed more coordination, greaterengagement
and more effective leadership.

he British Science Association is on a

journey towards equality, equity, diversity

and inclusion: I use all four terms in the
context of the UK, they all are relevant given our
distinctive historical, legal and cultural experi-
ence. However, we are still discovering the desti-
nation that lies at the end of this journey.

We engage with many different communities
but there are others where we do not have a con-
nection and STEM is the poorer for it. I have
worked in both Higher Education and the volun-
tary sector for the best part of 25 years. Change in
these areas feels very slow and many of the initia-
tives do not seem very well-connected one with
another. How can we engage the different com-
munities within this sphere at a practical level?
The Select Committee report has already high-
lighted some of the challenges facing the sector
and some of the issues associated with it.

Initiatives
Among the British Science Association’s initia-
tives are two that are very well-established. There
is British Science Week and the CREST pro-
gramme. In the Government response to the
Select Committee report, we were pleased to see
that both were mentioned. They are not, of
course, the only initiatives in this area and we
should all recognise the wealth of good practice
already taking place. The challenge is to harness
all of that in a way that leads to systemic change.
The CREST programme has been running
since 1986, and each year over 50,000 young peo-
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ple take part. Science capital starts at a young age
and, like any good investment, it needs to be nur-
tured, supported and retained. The problem here
could be characterised as ‘leaky pipelines. These
tend to focus on the water, not the infrastructure.
Yet it is the infrastructure that provides support
and retains the valuable contents passing through.
While we see good numbers coming through our
pipeline there is still some attrition. Retention
and progression are not distributed equitably.
That illustrates the importance and urgency of
equity.

From the BSA’s perspective, we need to identi-
fy what can we do to retain those people. So
CREST is a really helpful example: we can work
with students who are women, or from minority
or socially disadvantaged backgrounds, in order
to help them understand what problems they
could face in STEM but then how they could
engage with them practically to understand,
address and solve them.

The programme has been attracting support
from a range of different bodies. Students in dif-
ferent parts of the UK will have different experi-
ences of it: the Welsh Government resources it so
that every secondary school student in Wales can
access it, for example.

Community engagement

The BSA is very invested in community engage-
ment and there is a range of different initiatives
which we support. Communities should lead
their own science, bottom-up engagement,
engagement with schools and indeed other parts
of theirlocality. So we have anumber of different
programmes that we use to resource, supportand
partner communities.

A key element of our programmes is the eval-
uation we undertake. Through these evaluations,
we come to understand to what extent the engage-
ment we are building is diverse in terms of disabil-
ity, mental health, age, race, and gender. More
importantly, people see that these programmes
are helping them increase their science capital
and that, for us, is an important outcome.

The challenge is then to map out these differ-
ent interventions so that we can create a pathway
of referrals into different programmes and initia-

Kevin Coutinhois Equality,
Diversity & Inclusion (EDI)
Lead Trustee at the British
Science Association. He
has 15 years’ experience
within Higher Education

as Pro-Director, Equality,
Diversity, and Inclusion
atthe London School

of Hygiene and Tropical
Medicine, head of EDl at
the University of Oxford,
genderpolicy lead at UCL
and EDI consultantatthe
University of Cambridge. He
brings extensive experience
of both EDI programme
implementation, principles
and practice. Kevinisan
experienced board member
as Chairof Trustees atthe
Windsor Fellowship.

Communities should
lead theirown
science, bottom-up
engagement,
engagementwith
schools and indeed
other parts of their
locality.
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School pupils on
strikein2019 to
protest about

climate change.

tives. The issue of retention is one we deal with
systematically.

Although specific Government responses may
fall short of expectations, we do value the import-
antrole of interacting with and influencing policy.
We provide the secretariat for the All-Party Par-
liamentary Group (APPG) on Diversity and
Inclusion in STEM, which is chaired by Chi
Onwurah MP.

We have also undertaken a number of research
studies into public attitudes about these issues.
One recent publication examined how climate
change can be included in the curriculum. The
British Science Association worked with the Uni-
versity of Plymouth to undertake a research proj-
ect into understanding perceptions of teachers
and students, bringing together the options for
improvement. There is no quick fix to this because
there are so many different stakeholders that need
to be involved. Through our work, though, we
better understand the challenges and the issues,
identifying those individuals and bodies we need
to influence and work with.

It is really important for us all to understand
that representation does matter. If we walk into a
room as a child and do not see the range of people
that reflects our experience, and the profile does
not change as we go through our education and
employment journeys, it becomes a barrier pre-
venting us from feeling that we belong. Such dis-
sonance in STEM is problematic, for individuals,
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for the community and, indeed, for society.

Once we recognise that lack of diversity is a
problem, we can also see that the response to date
is disappointing. The necessaryleadership hasnot
been there, although in some ways that leadership
has to be bottom-up. We have to recognise too that
improvement will not happen in a straight line.

The Inquiry into Diversity and Inclusion in
STEM is an important step on the journey. Now,
we need to consider how we collectively nudge
action in a direction that improves that diversity
and inclusion.

Community engagement

There are today so many initiatives in this area.
What we need is more coordination, greater
engagement and leadership, and more clarity
about what the data are saying. There is a great
deal of data available, but specific datasets that
help us, for example, understand the workforce
are not readily accessible. Longitudinal work-
force data becomes critical if we want to take this
work forward and understand its impact on cat-
alysing change.

The challenge is to provide sustained engage-
ment from school right into retirement. Diversity
and inclusion are not just an issue in entry level
roles. Everybody has a role to play in providing
that engagement. a
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The debate

The speakersjoined a panel afterthe formal presentations to address questions from the audience. Topics

included: Governmentinvolvement; timeframes; training; accountability; leadership.

overnment focus tends to be driven by
Gthe four-year election cycle so there will
always be limitations on its impact in
areas that have a longer-term horizon. There is
plenty of activity taking place without such sup-
port. However, much of this does cost money,
often money upfront, with the benefits not being
realised till much later. So Government support
will be needed to make some of the big changes.
On the other hand, there are some independent
organisations, such as the Wellcome Trust, that
are investing significant sums of money here.
There are some pockets of cultures that seem
quite resistant to change. Even after implement-
ing anti-harassment and unconscious bias train-
ing, some people with ingrained behaviours can
act as a disincentive to new people to join. Per-
haps external funders can exercise some influ-
ence over internal behaviours of organisations,
requiring certain standards from organisations
they are supporting.

Scarce talent
We are operating in a very tight labour market at the
moment, thereisa scarcity of talent. If organisations
do not treat staff well, eventually they will walk. So
the real challenge is to find ways to systematise bet-
ter practice, making this accepted — and expected -
behaviour. Itis not just about the training.
Sometimes bright, young scientists just feel
they do not belong. Statistics indicate that the
higher up a person goes in these professions, the
greater the problem. Yet, if people can see on
news reports and in commercial publications,

FURTHER INFORMATION

AWl

(% 48

People early in their careers often depend
on anolder professor, often a white male.

professionals from different backgrounds, they
are more likely to feel that they can do that as well.

There is an issue about a power balance:
very often people early in their careers depend
on the support of an older professor — often white
and male.

People need to be held accountable for not
meeting expectations of behaviour or values. This
is where many organisations fall down, because
the consequences of not following through on the
training are just not there.

People who are in senior research positions at
the moment have not been promoted based on
qualities like inclusive leadership or management
skills. By and large, career progression is based on
an individual’s academic record, on the ability to
do great research. So it does not include the kind
of additional attributes like people skills, sponsor-
ship, mentoring aspects. However, we are starting
to see some of that change O

ISTOCK/FIZKES

British Science Association
www.britishscienceassociation.org/edi

House of Commons Science and Technology Select Committee report: Diversity and inclusion in STEM (March 2023)

https://publications.parliament.uk/pa/cm5803/cmselect/cmsctech/95/summary.html

Science Council: Diversity and Inclusion Progression Framework 2.0
https://sciencecouncil.org/professional-bodies/equity-diversity-and-inclusion/diversity-framework

The R&D People and Culture Strategy (July2021)

www.gov.uk/government/publications/research-and-development-rd-people-and-culture-strategy
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There have been a number of attempts to identify the right technologies for the
Government to support. That selection will change over time and according to national
and international political circumstances.

Which technologies will be key
to the UK’s future?

David Willetts

The Rt Hon Lord Willetts
FRS HonFREng was
appointed Chair of the
Foundation for Science
and Technology in
December 2018. He

is the President of the
Resolution Foundation.
He served as the
Member of Parliament
for Havant (1992-
2015), as Minister

for Universities and
Science (2010-2014)
and previously worked
at HM Treasury and the
No 10 Policy Unit. Lord
Willetts is Chair of the
UK Space Agency, and
a visiting Professor at
King's College, London.
He serves on the Board
of Darktrace, the
Biotech Growth Trust
and SynBioVen. He is
an Honorary Fellow of
Nuffield College, Oxford
and a member of the
Council of the University
of Southampton.

Technology horizon-scanning is back in
fashion - promoted by a renewed interest
in its significance for national security
and industrial capacity. We currently have five
priority technologies. Before them there were
seven technology families in the Innovation Strat-
egy prepared after a very thorough consultation.
My own contribution as Science Minister was the
Eight Great Technologies which we launched in
the Autumn of2012.

I drew on technology horizon-scanning exer-
cises by the Chief Scientific Adviser’s office and by
Innovate UK, distilling them down into a simple
list which I explained in a pamphlet for Policy
Exchange. The narrative behind it went roughly
as follows:

“The digital revolution is the big technological
advance of this century and we will invest in key
applications where Britain has distinctive
strengths and there are global business opportu-
nities such as: Al and big data; Space and satellite
data; and Robotics and autonomous systems.
Those are the first three technologies. The great-
est scientific discovery of the past 75 years, genet-
ic code, itself comes in a digital form. The future
is the interaction of dry digital technologies and
the wet biological world. Britain has invented
every major genetic sequencing technology and
has a good regulatory regime for applying engi-
neering techniques to genetics. We will invest in
new technologies made possible by these advanc-
es, notably: genomics and synthetic biology;
regenerative medicine; and agri-science - our
three wet technologies. Yet none of this will hap-
pen without also investing in two key foundation-
al technologies - storing low carbon energy to
driveitand the advanced materials without which
the kit and the sensors won't work”

I followed up with a pamphlet describing the
Eight Great Technologies more fully. Instead of
vague talk about Industrial Strategy it was intend-
ed to test specific propositions: that Government
could successfully identify key general-purpose
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technologies and that it could back them on their
way to successful commercialisation. 8GT would
be a test case to assess whether the sceptics who
doubt the value of these exercises were right or
not. So my speech launching the pamphlet in
2013 invited the audience to “imagine that today
we are burying a time capsule and we are going to
open it up in 10 years when we take stock” So I
have now published for Policy Exchange a review
of how that exercise looks 10 years on.

Byand large, identifying those eight has stood
the test of time. Ten years on it is not a bad list. I
hazarded some rather bold speculations such as
“opportunities for the UK to host a space port if
we get the regulatory framework right” Quan-
tum had not quite registered then and came along
soon afterwards — some called it the ninth tech-
nology. I underestimated how long the applica-
tion of technologies such as self-driving cars or
new battery technologies would take. Cell and
gene therapies have done well, though I got the
balance wrong and focussed more on the cell than
the gene which is where the real action has been.
Itisa good example of the need for a bit of flexibil-
ity as a technology develops.

General to particular
Moving from general purpose technologies to par-
ticular companies is very difficult. In the original
pamphlet I picked out one synthetic biology com-
pany as an example — Green Biologics, which tries
to use engineering of biology to modify an organ-
ism so it makes key chemicals. I did, though, warn
that after development of such an organism: “The
next stage is just as tricky - the steps between an
organism in a lab and a full-scale industrial pro-
cess.” Green Biologics closed down in 2019 and one
report on its demise explained that the company
never got to a full-scale industrial process. It is just
one example of the difficulties of scaling-up, which
isboth a financial but also a technical challenge.
Since then there have been further attempts at
identifying key technologies. The Government’s
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Innovation Strategy of 2021 listed seven key tech-
nology families:

Advanced Materials and Manufacturing

Al, Digital and Advanced Computing
Bioinformatics and Genomics

Engineering Biology

Electronics, Photonics and Quantum

Energy and Environment Technologies
Robotics and Smart Machines

There are also now five key technologies which
will be the focus of the new Department for Sci-
ence, Innovation and Technology (DSIT):

e Quantum

Al

Engineering Biology
Semiconductors
Future Telecoms

The National Security and Investment Act
2021 lists 17 key sectors and technologies where
“Subject to certain criteria, you are legally
required to tell the Government about acquisi-
tions of certain entities.” The list mixes together
key technologies and sectors and indeed the
responsibilities of entire Government Depart-
ments. It includes six of the original eight great
technologies. Itis a dramatic reversal of one of the
tenets of Britain’s free market model - an open
market in company ownership. It reveals the big-
gest change in science and technology policy over
the past 10 years which is the return of security
issues to centre stage.

While BEIS had been prevaricating about any
attempt to back key technologies and had run
down the technology expertise of Innovate UK,
the defence and security agencies were getting
more and more focussed on them, partly influ-
enced by the American model. A Cambridge tech
entrepreneur put it very clearly when he asked me
afewyearsago: “How isit that the security services
are so clear about the significance of my technolo-
gy that they don’t want me to have anything to do
with Chinese investors but the Treasury and BEIS
are so doubtful that anyone can possibly assess if
this technology is of any value that they won’t put
in any British public support?”

Security

The new more turbulent global scene has brought
security considerations to the fore. Scepticism
about Industrial Strategy collapsed under the
growing influence of the security and defence
experts who set up and staff the Government’s
new Science and Technology Council. This is a
really significantlong-term shift of policyand itis
areminder that innovation is often driven by war

fst journal www.foundation.org.uk
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and national security. The most important recent
statement of industrial strategy is not from BEIS
or DSIT. It is the Integrated Review of Security,
Defence, Development and Foreign Policy pub-
lished in 2021. It sets out a Strategic Framework
with four objectives of which the first is:
“Sustaining strategic advantage through sci-
ence and technology: we will incorporate S&T as
an integral element of our national security and
international policy, fortifying the position of the
UK asaglobal S&T and responsible cyber power”

Challenges

The key security focus is on general-purpose

technologies, many of which are potentially dual-

use. This is different from the civil focus on Chal-

lenges. That modellay behind Greg Clark’s Indus-

trial Strategy of 2017 which had four challenges:

o Put the UK at the forefront of the artificial
intelligence and data revolution

e Maximise the advantages for UK industry
from the global shift to clean growth

e Become a world leader in shaping the future
of mobility

e Harness the power of innovation to help meet
the needs of an ageing society.

The Challenge is such a flexible concept that a
technologylike Al can be redefined asa challenge
if that is where the funding is. But there are real
challenges out there, of which the overwhelming-
ly most significant is the climate emergency. It

The IBM Q System
One Quantum
Computer. Quantum
arrived after the
original Eight
Technologies had
beenlisted - some
called it the ninth
technology.
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makes sense to set that challenge and then harness
arange of technologies to tackle it.

I always enjoy discussing this issue with the
charismatic Mariana Mazzucato who has made
the case that Challenges should be part of the
framework of innovation policy. They should be,
yet they are not the whole story. Challenges can
appeal to an anxiety regarding knowledge about
real things by enabling policy to float above those
key decisions. And they can be over-interpreted as
meaning there is no need to invest in the underly-
ing science and technology (which might give us
the capacity to set future challenges). I co-chaired
a Commission on the whole issue with Mariana
and we agreed that there is a role for technolo-
gy-push as well as Challenge-pull.

There is a role for Government too. New tech-
nologies and enterprises are on a long and tricky
journey to the market. Easing some of the risks
businesses face as they innovate is one of the best
ways Government can promote growth. Govern-
ment should not withdraw its support too soon
and then expect commercial investors to take it
on. It may hide its mistake by complaining that
business leaders are risk averse but actually it is
expecting them to take more risk than in many
other countries.

This lesson is harder to learn because by the
time there is an IPO and another unicorn floats on
the Stock Exchange the original support from an
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Innovate UK programme may well have disap-
peared from view. Innovative companies usually
only identify previous equity investments when
they float. Non-dilutive funding such as Innovate
UK grants are not part of the capital table so will
notbe visible, even to experienced investors com-
ingin at that stage.

This promotes the illusion thatall this ‘just hap-
pens’ because of savvy City investors with no pub-
lic policy behind it. While bold, self-confident tech
entrepreneurs and VC investors perform an
invaluable role, they can understate the role of
public agencies in getting these companies going
in the first place.

Looking forward I am confident that there will
be Government programmes to back key technol-
ogies. The issue now is the balance between back-
ing them simply for their economic potential or
whether the test today is whether there is a nation-
al requirement for them. We are still finding the
right balance between the commercial and the
security perspective. But without that security
perspective, we would not have the attention and
support which technologies now receive from
Government. O
o This article draws on the author’s paper for

Policy Exchange, ‘The Eight Great Technologies

10years On’
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The application of
technologies such as
self-driving cars has
taken longer than
anticipated.
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Presentations and audio recordings from all meetings of the

Foundation for Science and Technology are available at: www.foundation.org.uk

Inventing a Better Britain - How does R&D fit
into a new UK economic strategy?

November 15,2023

Professor Dame Ottoline Leyser DBE FRS,
Chief Executive , UKRI

Grant Fitzner, Chief Economist, Office for
National Statistics

Professor Jonathan Haskel, Professor of
Economics, Imperial College

NetZero - UK and global progress
October11,2023

Lord Deben, Former Chair, Climate Change
Committee

Professor Paul Monks, Chief Scientific
Adviser, Department of Energy Security and
Net Zero

Baroness Brown of Cambridge DBE
FREng FRS, Chair of the Adaptation
Committee, Committee on Climate Change
and Chair, House of Lord Science and
Technology Committee

Professor Jim Skea CBE, Chair,
Intergovernmental Panel on Climate Change

Transforming Scottish Healthcare - The Role
of Data and Technology

October5,2023

Professor Sarah Curtis FRSE, Honorary
Professor, University of Edinburgh
Jonathan Cameron, Deputy Director of
Digital Health and Care, Scottish Govt.
Professor Patricia Connolly, Deputy
Associate Principal, Biomedical
Engineering, University of Strathclyde
Professor Oliver Lemon, Co-academic
lead, National Robotarium

Dr Ken Sutherland FRSE, President, Canon
Medical Research Europe

The Emerging Shape of REF 2028
July5,2023

Professor Geraint Rees FMedSci, Vice-
Provost for Research, Innovation and Global
Engagement, University College London
The Rt Hon the Lord Willetts, Chair, The
Foundation for Science and Technology
Dame Jessica Corner, Executive Chair,
Research England

Dr Steven Hill, Director of Research,
Research England

Sir Peter Gluckman, Chair FRAP IAG and
President, International Science Council
Dr Elizabeth Gadd, Vice-Chair, CoARA
and Loughborough University

Professor James Wilsdon, Director,
Research on Research Institute, University
College London

Professor Louise Bracken, PVC for
Research & Knowledge Exchange,
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Northumbria University

Diego Baptista, Head of Research Funding
& Equity, Wellcome Trust

Professor Simon Hettrick, University of
Southampton and Chair, The Hidden REF
Emma Todd, Director of Research Culture,
University College London

Equity, Diversity and Inclusionin STEM
June 28,2023

Dr Lilian Hunt, Equality, Diversity &
Inclusion in Science and Health (EDIS)
Lead, Wellcome Trust

Rachel Lambert-Forsyth, Chief Executive,
British Pharmacological Society & Science
Council Trustee

Kevin Coutinho, Pro-Director: Equality,
Diversity and Inclusion, London School of
Hygiene and Tropical Medicine & British
Science Association Trustee

The use of Alin the early detection of disease
June 14,2023

David Crosby, Head of Early Detection
Research, Cancer Research UK

Mike Oldham, Director of Early Detection
of Neurodegenerative Diseases, Alzheimer’s
Research UK

Jessica Morley, Oxford Internet Institute,
University of Oxford

Tobias Rijken, Co-Founder and Chief
Technology Officer, Kheiron Medical
Technologies

The UK Semiconductor Strategy

May 24, 2023

Paul Scully MP, Minister for Tech and the
Digital Economy, Department for Science,
Innovation & Technology

Dr Andy Sellars, Strategic Development
Director, Compound Semiconductor
Applications Catapult

David Clark, Chief Technology Officer,
Clas-SiC Wafer Fab

Dr Jalal Bagherli, Former CEQ, Dialog
Semiconductor

The Nurse Review of the Research,
Development & Innovation Landscape

May 15,2023

Sir Paul Nurse FRS FMedSci, Chair, the
Research, Development & Innovation
Landscape Review

Chi Onwurah MP, Labour Shadow Minister
for Science, Research & Innovation

Dr Peter Thompson FREng FInstP FRSC
CEng, Chief Executive, National Physical
Laboratory

Vivienne Stern MBE, Chief Executive,
Universities UK

In conversation with Sir Patrick Vallance

26 April 2023

Sir Patrick Vallance KCB FRS FMedSci,
Outgoing Government Chief Scientific
Adviser

The Rt Hon the Lord Willetts FRS
HonFREng, Chairman, The Foundation for
Science and Technology

Mission Zero - Getting to Net Zero emissions
by2050

21March 2023

The Rt Hon Chris Skidmore MP, Chair of
the Net Zero Review

The Lord Turner FRSE, Chairman, Energy
Transitions Commission

Professor Emily Shuckburgh OBE,
Director, Cambridge Zero

How can schools and colleges prepare young
people for a technological life and help
tackle the technical skills gap?

22 February 2023

Professor Bill Lucas, Director of the Centre
for Real World Learning, University of
Winchester

Nancy Buckley, Group Director, Business
Development, Activate Learning

Sharmen Ibrahim, Group Director, Digital
Education

Ella Podmore MBE, Senior Materials
Engineer, McLaren Automotive Ltd

Phil Smith CBE FREng, Chairman of IQE,
Chair of Digital Skills Partnership and
former Chair and CEO of Cisco UK

Hardtech and High-Value Manufacturing
25January2023

Peter Marsh, Made Here Now

Will Butler-Adams OBE, Chief Executive
Officer, Brompton Bicycle

Katherine Bennett CBE FRAeS, Chief
Executive Officer, High Value
Manufacturing Catapult

Dr Edmund Ward, Head of Advanced
Manufacturing and Resources, Department
of Business

Black Scientists - Tackling Racismin UK
Science & Technology

7December 2022

Dr Alejandra Palermo FRSC, Head of
Global Inclusion, Royal Society of Chemistry
Professor Ijeoma Uchegbu HonFRSC,
FMedSci, Professor of Pharmaceutical
Nanoscience, University College London
Sigourney Bonner, Co-Founder of Black in
Cancer and PhD Student, Cancer Research UK
Dr Karen Salt, Deputy Director for
Research Culture & Environment, UKRI
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An Innovation Strategy for Scotland

7 November 2022

Ivan McKee MSP, Minister for Business,
Trade, Tourism and Enterprise, Scottish
Government

Dr Deborah O’Neil PhD OBE FRSE, Chief
Executive Officer, Novabiotics

Professor Sir Jim McDonald FREng FRSE,
Principal and Vice-Chancellor of the
University of Strathclyde, and President of
the Royal Academy of Engineering
Professor Julie Fitzpatrick OBE, Chief
Scientific Adviser for Scotland

Professor Rick Delbridge, Professor of
Organisational Analysis, Cardiff Business
School, Cardiff University

Leadership in Tomorrow’s World -
Foundation Future Leaders Conference
2022

1 November2022

Sophie Macfarlane-Smith, Head of
Customer Engagement, Rolls Royce SMR Ltd
John Corderoy, GDF Technical Programme
Director, Nuclear Waste Services

Professor Paul Monks, Chief Scientific
Adviser, Department of Business, Energy &
Industrial Strategy

Increasing interdisciplinarityin UK R&D

18 May 2022

Professor Dame Ottoline Leyser DBE FRS,
Chief Executive, UKRI

Professor Rachael Gooberman-Hill,
Institute Director, Elizabeth Blackwell
Institute, University of Bristol

Professor Graeme Reid FRSE, Chair of
Science and Research Policy, University
College London

Professor David Soskice FBA, Professor of
Political Science and Economics, London
School of Economics

Science, Climate Policy and COP27

26 October2022

Sir Patrick Vallance FRS FMedSci FRCP
HonFREng, UK Government Chief
Scientific Adviser

Professor Mahmoud Sakr, President,
Egyptian Academy of Scientific Research
and Technology

Emma Howard Boyd, Chair of the Green
Finance Institute

Professor Jim Skea CBE, Chair in
Sustainable Energy, Imperial College &,
Co-chair of Working Group III of the IPCC

Health policy implications of climate change
13 July2022

Sir Chris Whitty KCB FMedSci, Chief
Medical Officer for England

Professor Mike Tipton MBE, Trustee, The
Physiological Society, and Professor of
Human and Applied Physiology, University
of Portsmouth

Dr Modi Mwatsama, Head of Climate
Interventions, Climate and Health,
Wellcome Trust

Scenarios for a Science Superpower
6July2022

Professor Sarah Main, Executive Director,
Campaign for Science and Engineering
Professor Graeme Reid FRSE, Chair of
Science and Research Policy, University
College London

Lisa Brodey, Science Counselor, US
Embassy London

The Lord Rees of Ludlow OM Kt FRS,
House of Lords

UK-China research collaboration

27 April 2022

Minister Yang Xiaoguang, Minister and First
Staff Member, Embassy of China in the UK
Rt Hon Sir Oliver Letwin FRSA, Author of
China vs America: A Warning

Vivienne Stern MBE, Director, Universities
UK International

Professor Christopher Smith, Executive
Chair of AHRC and UKRI International
Champion

Rebuilding the UK Electricity Grid

23 March 2022

Nick Winser CBE FREng, Chairman,
Energy Systems Catapult

Dr Cathy McClay OBE, Trading and
Optimisation Director, Sembcorp
Energy UK

Professor Keith Bell, Scottish Power
Professor of Smart Grids, University of
Strathclyde

Delivering the Al Strategy - the use of new Al
technologies inindustry and the public
sector

23 February 2022

Professor Dame Wendy Hall DBE FRS
FREng, Regius Professor of Computer
Science, University of Southampton

Lord Clement-Jones CBE, House of Lords
Professor Geraint Rees FMedSci, Pro-
Vice-Provost, AI, University College
London

Professor Tom Rodden, Chief Scientific
Adviser, Department for Digital, Culture,
Media and Sport

New Nuclear and the UK Energy Strategy
15June 2022

Julia Pyke, Sizewell C Director of Financing
and Economic Regulation, EDF
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How can the National Science and Technology
Council and the Office for Science and
Technology Strategy direct S&T priorities?
26January 2022

Sir Patrick Vallance FRS FMedSci FRCP
HonFREng, National Technology Adviser &
Government Chief Scientific Advisor
Professor Dame Ottoline Leyser DBE FRS,
Chief Executive UKRI

Naomi Weir, Programme Director —
Innovation, Confederation of British Industry
Professor James Wilsdon FAcSS FISC,
Director, Research on Research Institute,
University of Sheffield

Round Table on UK Technology Priorities
26January 2022

Andrew McCosh, Deputy National
Technology Advisor and Director General of
the Office for Science and Technology
Strategy

COP26: where do we go from here?
1December2021

The Lord Broers FRS FREng HonFMedSci,
House of Lords

Professor Sir Dieter Helm CBE, Professor
of Economic Policy, University of Oxford
Professor Sir Ian Boyd FRSE FRSB FRS,
Professor of Biology, University of St Andrews
The Baroness Young of Old Scone Hon
FRSE, House of Lords

Professor Sir Charles Godfray CBE FRS,
Director, Oxford Martin School, University
of Oxford

EU R&D Programmes - Round Table
24 November2021

Foundation Future Leaders Conference
22-23 November2021

Rt Hon Greg Clark MP, Chair, House of
Commons Science and Technology Select
Committee

Dr George Dibb, Head of the Centre for
Economic Justice, IPPR

The Baroness Brown of Cambridge DBE
FREng FRS, Climate Change Committee
Dr Doug Parr, Chief Scientist, Greenpeace
Dr Hayaatun Sillem CBE, Chief Executive,
Royal Academy of Engineering

Professor Melanie Welham, Executive
Chair, BBSRC

Indro Mukerjee, Chief Executive, Innovate UK
Dr Peter Waggett, Director, IBM UK

The UK Innovation Strategy

13 October2021

Rt Hon Kwasi Kwarteng MP, Secretary of
State for Business, Energy and Industrial
Strategy

Indro Mukerjee, Chief Executive,

Innovate UK

Dr Hayaatun Sillem CBE, Chief Executive,
Royal Academy of Engineering

Paul Stein FREng, Chief Technology
Officer, Rolls Royce

Priya Guha MBE, Partner, Merian Ventures
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A

Arts and Humanities Research
Council, UKRI

Association for Innovation, Research
and Technology Organisations
(AIRTO)

AstraZeneca

B
Biotechnology and Biological
Sciences Research Council, UKRI

BP International Ltd

BPE Solicitors LLP
British Geological Survey
Brunel University London
BSI Group

C

Canterbury Christ Church University

Chartered Institute of Credit
Management

Chartered Institute of Plumbing and
Heating Engineering

Comino Foundation

Cranfield University

D

Defence and Security Accelerator

Defence Science and Technology
Laboratory

Department of Health and Social
Care

E
Economic and Social Research
Council, UKRI

EIB Institute

Elsevierb.v.
Engineering and Physical Sciences
Research Council, UKRI

ERA Foundation

G
Genomics England

MAJOR SUPPORTERS IN 2023

H

Haleon

Haskel Family Foundation

Heads of University Centres of
Biomedical Science (HUCBMS)

Health and Safety Executive

High Value Manufacturing Catapult

|

Imperial College London

Innovate UK, UKRI

Institute of Biomedical Science

Institute of Exportand International
Trade

Institute of Materials, Minerals &
Mining

Institute of Mathematics and its
Applications

Institute of Quarrying

Institution of Chemical Engineers

Institution of Mechanical Engineers

Institution of Railway Operators

J
Japan Society forthe Promotion of
Science

K

Kaizen UK Consulting Ltd (Kaizen
Institute)

King's College London

L
Lancaster University

M

Matrix - The Northern Ireland Science
Industry Panel

Medical Research Council, UKRI

Met Office

N

National Centre for Universities and
Business

National Physical Laboratory

Natural Environment Research
Council, UKRI

Natural History Museum

Nottingham Trent University

P
Parliamentary and Scientific
Committee

PeterJost Charitable Foundation

R

Research England, UKRI
Rolls-Royce

Royal Society of Biology
Royal Society of Chemistry
Royal Statistical Society

S

Science and Technology Facilities
Council, UKRI

Society of Maritime Studies

Society of Operations Engineers

T
The Academy of Medical Sciences

The Royal Academy of Engineering
The Royal Commission forthe
Exhibition of 1851

The Royal Society

U
University College London
University of Bath, Institute for Policy
Research
University of Birmingham
University of Dundee
University of East Anglia
University of Edinburgh
University of Exeter
University of Glasgow
University of Hull
University of Keele
University of Kent
University of Leeds
University of Leicester
University of Nottingham
University of Plymouth
University of Reading
University of Sheffield
University of Southampton
University of Westminster

The Foundation is grateful to these companies, departments, research bodies and charities for their significant

supportforthe debate programme.
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