journal

The Journal of The Foundation for Science and Technology
www.foundation.org.uk

Guest editorial
George Freeman MP: Seizing the moment — together

e UK Innovation strategy
Rt Hon Kwasi Kwarteng MP: Improving our record on innovation
Indro Mukerjee: The role of innovation in creating our future
Dr Hayaatun Sillem: Attracting innovative businesses to the UK
Paul Stein: A business view of the strategy
PriyaGuha: Bringing everyone along on the journey

Comment

Sir Anthony Finkelstein: A welcome and a farewell

e economics of biodiversity
SirPartha Dasgupta: Including nature in economic understanding
Professor Yadvinder Mahli: International action on biodiversity
Dr Stephanie Wray: Rethinking the way society operates

Advising Government

Science advice in the UK

Comment
Professor David Drewry: Science and UNESCO in the UK

A systems approach

SirJim McDonald: Taking a systems approach to net zero

Dervilla Mitchell: Tackling the implementation gap

Guy Newey: Developing a systems approach

Colette Cohen: All technologies will be needed to achieve net zero

Lessons from the vaccines programme

Dame Sarah Gilbert: Working in partnership

RtHon Nadhim Zahawi MP: Learning lessons to create a better future
Steve Bates: Scaling up and delivering at pace

Viewpoint
Dr Da_vid Cleevely: Raspberry Pi, space and the 7 X THE FOUNDATION
Al skills challenge ﬂ FOR SCIENCE AND

TECHNOLOGY


http://www.foundation.org.uk



mailto:office%40foundation.org.uk?subject=
http://www.foundation.org.uk

CONTENTS

journal

Volume 23 Number 1 February 2022

t THE COUNCIL AND TRUSTEES OF THE FOUNDATION Inside front cover
UPDATE
e UK launches strategy for cyber security and resilience e First head of ARIA appointed 2

e Science boostin New Year's Honours 2022 e UK funds marine environment protection

GUEST EDITORIAL

Seizing the moment - together George Freeman MP 3
OBITUARY
Sir John Enderby 5

THE UK INNOVATION STRATEGY

Improving our record on innovation Rt Hon Kwasi Kwarteng MP 6
The role of innovation in creating our future Indro Mukerjee 8
Attracting innovative businesses to the UK Dr Hayaatun Sillem 9
A business view of the strategy Paul Stein 11
Bringing everyone along on the journey Priya Guha 13
COMMENT

Awelcome and a farewell Sir Anthony Finkelstein 15
THE ECONOMICS OF BIODIVERSITY

Including nature in economic understanding Sir Partha Dasgupta 17
International action on biodiversity Professor Yadvinder Mahli 20
Rethinking the way society operates Dr Stephanie Wray 22
Nature: a blind spot in economic theory 24
ADVISING GOVERNMENT

Science advice in the UK 25
RECENT PODCASTS AND BLOGS 27
COMMENT

Science and UNESCO in the UK Professor David Drewry 28
A SYSTEMS APPROACH

Taking a systems approach to reaching netzero Sir Jim McDonald 30
Tackling the implementation gap Dervilla Mitchell 32
Developing a systems approach Guy Newey 33
All technologies will be needed to achieve net zero Colette Cohen 35
LESSONS FROM THE VACCINE PROGRAMME

Working in partnership Dame Sarah Gilbert 38
Learning lessons to create a better future Rt Hon Nadhim Zahawi MP 40
Scaling up and delivering at pace Steve Bates 41
VIEWPOINT

Raspberry Pi, space and the Al skills challenge Dr David Cleevely 43

DOI10.53289/CBBX9153

fst journal www.foundation.org.uk February 2022, volume 23(1) 1


https://www.foundation.org.uk

UPDATE

UK launches strategy to boost cyber security and resilience

The UK Government has launched a
National Cyber Strategy. The global
expansion of cyberspace is changing the
way we live, work and communicate, and
transforming the critical systems we rely
on in areas such as finance, energy, food
distribution, healthcare and transport.
The scale and speed of this change is also
unleashing unprecedented complexity,
instability and risk.

The UK’s new National Cyber Strate-
gy is designed to strengthen cyber secu-
rity capability in order to pursue and
promote UK interests with confidence.
It will strengthen the country’s ability to
act in cyberspace, while at the same time

enhancing the opportunities to influence
and shape tomorrow’s technologiessothey
are safe, secure and open.

To do this the strategy is built around
five core pillars:
® Strengthening the UK cyber
ecosystem, investing in people and skills
and deepening the partnership between
Government, academiaand industry;
® Building a resilient and prosperous
digital UK, reducing cyber risks so
businesses can maximise the economic
benefits of digital technology and
citizens are secure online and confident
that their data is protected;
® Taking the lead in the technologies

vital to cyber power, building industrial
capability and developing frameworks
to secure future technologies;

® Advancing UK global leadership and
influence for a more secure, prosperous
and open international order, working
with Governmentand industry partners
and sharing the expertise that underpins
UK cyber power;

® Detecting, disrupting and deterring
our adversaries to enhance UK security
in and through cyberspace, making
more integrated, creative and routine
use of the UK’s full spectrum of levers.
www.gov.uk/government/ publications/
national-cyber-strategy-2022

First head of ARIA appointed

Dr Peter Highnam has been appointed as
the first CEO of the Advanced Research
and Invention Agency (ARIA). Hejoins
from the US Defense Advanced Research
Projects Agency (DARPA).

Backed by £800 million of public
money, the agency has been established
to empower exceptional scientists to
focus on high-risk projects at the frontier
of discovery and innovation that could
transform people’s lives for the better.

Borninthe UK, Dr Highnambringsa
wealth of experience with him, as he joins
ARIA from the USA’ research agency
DARPA where he has served as Deputy
Director since February 2018. He will
take up his post as ARIAs first CEO on
3 May 2022, for a fixed term of five years.

ARIA is based on models that have
proved successful in other countries, in

Peter Highnam: takes up ARIA post in May

particular the influential US Advanced
Research Projects Agency (ARPA)
model. Thiswas instrumental in creat-
ing transformational technologies such
as the internet and GPS, changing the
way people live and work, while increas-
ing productivity and economic growth.

UK funds marine environment protection

The UK is committing £2 million to
support the creation of the world's biggest
transboundary marine protected area —
the Eastern Tropical Marine Corridor.
It aims to protect some of the world’s
most important and biodiverse marine
environments in the Eastern Pacific,
including key migratory routes for sea
turtles, whales, sharks, and rays.

At COP26, Costa Rica, Colombia,
Ecuador, and Panama announced they
are working together to expand and con-
nect marine protection covering over

2 February2022,Volume 23(1)

500,000 km? of ocean. The marine cor-
ridor stretches from the rich breeding
and feeding grounds around Malpelo
Island, the Cocos Ridge, and the Cordil-
lera de Coiba seamounts, to the Galapa-
gos Islands that were the inspiration for
Charles Darwin's theory of evolution.

The UK will invest an initial £2 mil-
lion of aid through the World Bank’s
PROBLUE fund, and deploy marine
experts to provide technical assistance
through the UK’s Ocean Country Part-
nership Programme.

DARPA

Science boost in New
Year’s Honours 2022

Science features strongly in the New
Year's Honours List. Government Chief
Scientific Adviser Sir Paul Vallance
and Chief Medical Officer Professor
Chris Whitty are both made Knights
Commander of the Order of the Bath.
They are perhaps the two most publicly-
recognisable scientists in Britain today.
Also honoured for their service to public
health are the Chief Executive of the UK
Health Security Agency Dr Jenny Harries
who becomes Dame Commander of the
British Empire and Dr Jonathan Van
Tam, Deputy Chief Medical Officer,who
is knighted. The Chief Medical Officers
of the Scottish and Welsh Governments,
Professor Gregor Smith and Dr Francis
Atherton, are also knighted.

Sir Paul Nurse, Chief Executive of the
Crick Institute, becomes a Companion
of Honour. Dr Vivienne Cox, Chair of
the Rosalind Franklin Institute, is made
Dame Commander of the British Empire,
as is Dr June Raine, Chief Executive of
the MHRA.

Science advice to Government is also
recognised. Professor Anthony Finkel-
stein, formerly Chief Scientific Adviser
(CSA) for National Security, and Profes-
sor Robin Grimes, lately CSA Ministry of
Defence Nuclear, are both knighted. Pro-
fessor Philip Blythe, CSA at the Depart-
ment of Transport, receivesa CBE, asdoes
climate scientist Professor Myles Allen.
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COMMENT

New ideas can provide a welcome stimulus for creativity and innovation.

Equally, some accepted ideas can constrict and frustrate progress

A welcome and a farewell

Anthony Finkelstein

This is really two comment articles in one,
a warm welcome and a much hoped for
farewell. First, then, awelcome to ARIA.
The UK hasa new research and invention agency.
It has been a while in arriving, making its way
from idea, to policy, to announcement, to fund-
ing, to legislation and now to the appointment of
aChiefExecutive, Dr Peter Highnam. Those of us
who have watched closely, sometimes from the
cheap seats, occasionally from the orchestra pit,
have certainly experienced the nervesand uncer-
tainty, and have written ARIA off more than once.
Yet—hereweare.

We have been gifted an incredible and exciting
opportunity. ARIA could be many different
things: better funded, with a more developed
model, with a stronger axis to UKRI and it could
have greater assurance on forward funding to
make long-term programmatic bets. Despite all
of this we have a new agency that has the opera-
tional freedom and, in good measure, the resourc-
es to make a difference and to position the UK in
some key frontier areas of technology.

Asacommunity, in science and technology, as
wellasin policy, we need now to step forward ina
collective effort to ensure ARIA works. This
means, it almost goes without saying, a high tol-
erance of failure when it comes to the choices it
makes. It also means, more challengingly, a will-
ingness to accommaodate new funding modalities
and models that may not be either familiar, or
necessarily optimal for the recipients. We will
need to show some institutional flexibility.

We can reasonably expect ARIA to be collab-
orative; independence should not mean disre-
garding the strengths of the UK research and
innovation landscape. We can also expectittobe
complementary — bridging gaps — rather than
purely going it alone.

We must demand that ARIA sets aside the
narrow compartments into which the research
and innovation system has been divided
(more on this below). These are not, however,
major constraints. All this being said, again,
welcome ARIA. You represent an important
advance for the UK and you should find many
friends. 1am one.
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And farewell...
There are some models that are so simple, so
seductive and so often repeated, that even when
you know them to be wrong —in fact, worse than
wrong, actively misleading — it remains almost
impossible wholly to set them aside. My example,
and my principal béte noire, is the ‘pipeline’ meta-
phor, that relates science and research to innova-
tion and commercial exploitation. | wish it gone.
It would not really matter, were this relation-
ship not of such overwhelming importance and of
mostimmediate relevance to howwe frame policy.
The idea of the pipeline is that scientists shovel
ideas into one end of the pipeline, then innovation
actors ready them for industry to commercialise.
The processis regular and staged, albeit leaky. Itis
easy in this model objectively to characterise the
state of atechnology —its level of readiness.
Everybody has their fixed station on the pipe-
line. If you are a researcher, you are not suited to
the role of innovator — too ‘other worldly’ If you
are an innovator, you are unlikely to have the
capability to scale and commercially exploit the
innovation you have nurtured — too ‘undisci-
plined Ifyouworkinindustry, your jobistoturn
the handle and deploy the capital — too staid to
innovate, too impatient to undertake research.
Of course, we all know thisiswrong. Itwas never
right and has become ‘wronger’ There is no pipe-
line —itis a jacuzzi. Research scientists based in
universities not infrequently prove to be excellent
innovators capable of attracting talentand spotting
commercial opportunity. Innovative small compa-
nies often undertake ground-breaking research,
even if they do not choose conventional routes to
publication. Larger industrial organisations
preserve a substantial reserve of deep technical
expertise, the residue of a research capacity, and
‘intrapreneurs’ who can act with agility.
My ‘first’ spinout led to a significant ‘exit’ and
spawned two further independently-successful
UK companies. Along the way, it paid off the

Professor Sir Anthony
Finkelstein CBE FREng DSc
MAEFCGlisthe President of
City, University of London,
and Professor of Software
Systems Engineering. He
was granted the title of
KnightBachelorinthe

New Year's Honours 2022
forpublicservice. He was
previously appointed a CBE
forservicesto computer
science and engineering.
Untiltaking up the role of
President, he was Chief
Scientific Adviser for
National Security to the
Government, a strategic and
operationalrole thatinvolves
leadership of science,
research and innovation
acrossthe UK’s national
security community.

InARIA, we have anew agency that hasthe
operational freedom and the resources to position
the UKin some key frontier areas oftechnology.
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COMMENT

Afteran extended period of disappointing
revenues, we came to a collective conclusion:
none of us could sell fortoffee.

mortgages of abunch of PhD students who came
alongfor the ride. Thestoryisacomplexoneand
that is really the point.

Systemwire started with a joint programme of
research on software development environments.
The programme was sprawling, with some core
funding and research muscle from the Research
Councils but it also drew in students, funded on
scholarships, a couple of students funded on dis-
cretionary accounts the group had accumulated,
a key researcher funded by an overseas national
foundation, and so on. Floating in and out of the
lab were some former researchers, now working
for another spinout. They were role models and
later, occasional mentors.

The core concept we came up with was certain-
ly a collective product and gained some interest
from the research community. | had rather
inflated and grandiose ideas about the potential of
the technology as an alternative to ‘the semantic
web. So much as expected. One, rather random,
early evening, a former student, then working on
an internship in a large investment bank, visited
the lab and leaned over the shoulder of a research-
er developing an early prototype. ‘That looks just
like abig problem we have at the bank’ and, in that
moment, we became fintech innovators.

The next day, an extraordinarily able student
started work on the banking data standards.
Meanwhile, with exceptional support from UCL
Business (the TTO), the idea and associated
implementation were patented and we started a
spinout, i.e. Systemwire. We were joined by an
experienced innovator who took on the role of
COOandwe secured some innovation funding (a
Smart Award from, then, BIS). We started to look
for opportunities to apply our technology and
found, insome investment banks, asmall number
of early adopters.

Unfortunately, and this is key to the story, our
initial technology did not really work! When
confronted with the real scale and operating con-
straints, as well as some important technical fea-
tures of the data, our approach fell over. So it was
back to the proverbial drawing board and a
rethink of some of the fundamentals which, by
the way, led to some of the best purely scientific
work | believe that | have published. We solved
the problem and developed a set of optimisations
that underpin the technology to this day. The
papers are still being cited.

There followed an extended period of success-
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ful technical demonstrations and disappointing
revenues, after which we came to a collective con-
clusion: none of us could sell for toffee. We did
not really understand the market, did not have
the contacts and could not talk the talk. We then
merged with asmall company, Message Automa-
tion, that had arelated, though considerably sim-
pler, product but which was run by a team who
had the fintech knowledge and address book we
so clearly lacked.

The rest was hard work, by that team and by
talented former students who joined the compa-
ny. My colleagues and | drifted in and out, offer-
ing advice on no very sound basis. Sales grew
organically, and the recurring revenue from
licences built up. There were a few early anxious
moments during market crises. Afterawhile, we
exited to a large US fintech platform.

Complex pathways

Why do | tell this story? Well, first because
research and innovation have complex contin-
gent pathways. Good ideas come from all sorts of
placesand are enriched through a network of dif-
ferentengagementsand opportunities. Research
feeds innovation but equally innovation feeds
research. Technology can be inan uncertain zone
between research, application and innovation for
lengthy periods. Researchers, innovators and
industry expertise can build sustainable partner-
shipsand share financial incentives. Background
knowledge is often more important than fore-
ground intellectual property.

All of this is a massive distance from any sim-
ple linear rendering of the research and innova-
tion process. Building our funding structuresand
schemes in accordance with an imaginary pipe-
line, separating research from innovation and
expecting technologies to conformtoasimplistic
readiness schema, runs counter to building acon-
nected research and innovation system.

Analternative is possible. We should be fund-
ing multiple pathways open to the different ways
through which technologies arise. We could be
building sustained relationships with innovative
networks and following technology as it loops
back through research, is tested, fails, pivots and
is rebuilt. We can apply funding both strategical-
ly and tactically inactive partnerships. We can be
proactive rather than waiting for the non-existent
pipeline to deliver commercialisable research. To
do this we need greater engagement and a more
integrated approach.

In the meantime, farewell and good riddance
to the pipeline metaphor.

DOI:10.53289/MGKQ4246
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CONTEXT

The impact of human activity on biodiversity loss has been

a major and increasing concern globally. In February 2021,

the Treasury published The Economics of Biodiversity, an
independent review led by Professor Sir Partha Dasgupta. This
had a number of key messages, including: that the world needs
to ensure that human demands on nature do not exceed supply;
that we change our measures of economic success to guide us to
a more sustainable path; and that we transform our institutions
and systems, in particular finance and education systems, to
enable these changes and make them sustainable. The Dasgupta
Review came out in advance of the G7 summit (June 2021), the

(November2021).

Science-and-International

UN’s Biodiversity COP15 and the UN’s Climate Change COP26

The Foundation for Science and Technology held an eventon 24
May 2021, with Professor Sir Partha Dasgupta, Professor Yadvinder
Malhi (who led on behalf of the Royal Society in producing a
statement on biodiversity from the national science academies
of the G7 nations) and Dr Stephanie Wray, Managing Director of
Nature Positive. A video recording, presentation slides and speaker
audio from the event are available on the FST website at: www.
foundation.org.uk/Events/2021/Biodiversity-Economics,-

Including nature In economic
understanding

Partha Dasgupta

SUMMARY

® Thereis nointrinsic reason why ecology cannot
be accommodated within economics

® Aninventory measuring the increase or decrease
in natural resourcesis needed

® To properly discuss welfare orwellbeing requires
afocuson assets

® |twould be a mistake to use GDP to discuss
economic success overthe longrun

® Humanity’s demand for nature’s goods and
services vastly exceeds the earth’s capacity to
supplythem on a sustainable basis.

cology isarelatively newdiscipline. Good

textbooks have only been available for the

last few decades. In addition, people in
general do not perceive signals from nature very
easily. While humanity makes use of nature’s
goods and services all the time, their value is not
recorded economically because it is not converted
into prices. Yetthere is no intrinsic reason why
ecology cannot be grafted onto, or blended with-
in, economics.

Inclusive wealth

The UK Government commissioned an inde-
pendent review on the economics of biodiversity
(see page 24). One of the key conceptsin the final
reportwas that of inclusive wealth, which is real-
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ly a very intuitive notion. Private companies
have no difficulty comprehending it because they
have balance sheets. Nations, however, do not
have balance sheets and have developed a habit of
estimating flows by GDP, which is income. Yet
we also need an inventory — of objects and dura-
ble goods. To discuss sustainable development,
for example, it is necessary to know the assets
that are being handed on to the following year,
particularly incomparison to the assets that were
inherited from the previous year.

Just relying on GDP fails to take into account
the depreciation of capital — that is, whether the
stock of something is more or less than it was last
year; and if not, why not. So if awetland is dete-
riorating, for example, it is depreciating in eco-
nomic terms. The notion of inclusive wealth is
nothing other than a confirmation of the need to
measure an inventory of goods. And of course, if
the social worth of those objects can be priced,
thenvalues can be added and that will contribute
to an estimation of wealth.

This valuation of wealth should be inclusive
for two reasons. First, because the prices are
social prices and not necessarily market prices,
for the reason that much of nature does not actu-
ally have a price in the market. The other is that
natural capital, nature, is included in the measure
as well as produced capital and human capital
(such as education and health). Inclusive wealth
includes the whole range of ecosystems.

Itisalmostinevitable that this will become part

Professor Sir Partha
Dasgupta FRS FBA has been
a Professor of Economics at
the University of Cambridge
since 1985, serving as
Chairman of the Faculty

of Economics from 1997
t02001. He haswon
numerous awards and in
2002 he was named Knight
Bachelor for services to
economics. His research
interests have covered
welfare and development
economics, the economics
of technological change,
population, environmental
and resource economics,
and the economics of social
capital. In2019, he was
commissioned by the UK
Treasury to lead a global
independent review on the
economics of biodiversity.
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The secret roof
garden of the
Birmingham Library
- for urban areas,
one of the key
recommendations is
afocus on gardening
and the provision of
more green space.

b YA N d i \«‘“ |
of standard economic analysis as it has a ver
strong theoretical backing and the foundations are
solid. To properly discuss welfare or wellbeing
requires a focus on assets — those stocks on the
basis of which our lives depend.

Inclusive wealth sits very comfortably with
GDP because these two measures are designed to
serve different purposes. GDP was invented to
give a sense of the extent of economic activity for
short-run macro-economic management. It
would be a mistake to use it to discuss economic
success over the long run.

Carrying capacity

The bedrock of the review is the finding from
earth sciences that humanity’s total demand for
nature’s goods and services vastly exceeds the
earth’s capacity to continue to supply them on a
sustainable basis. Sothisisafirefightingsituation.
Itisvital to find ways to cut the gap between capac-
ity and consumption to zero, i.e. to create a bal-
ance. Ifsustainable development meansanything,
that balance must then be maintained for the long
term. Nature has to be considered as a series of
assets that have to be managed responsibly.

The entire language we use for economic
analysis must place nature at the centre. Inclu-
sive wealth is just one part of that new approach
which will involve wholesale recalculation and
re-estimation.

Then there is the question of reforming the
institutions that support these activities, at local,
national and international levels.

Citizens live in local surroundings and our
activities are, in large part, confined to that. So at
the local level, at least for urban areas, one of the
key recommendationsisafocus on gardeningand
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for the provision of much more green space: it is
good for our health, quite apart from the fact that
it rejuvenates nature in the local environment.
Another task for the citizen is to lobby local and
national government to include natural capital in
their investment and other policy decisions.

At the national level, subsidies for nature
should be removed immediately. In fact,
nature is often not zero-priced, it is commonly
negatively priced because its use is subsidised.
We are actually paying ourselves to degrade
nature at present.

Then, at the international level, itis high time
there was an international institution charged
with monitoring and managing the global com-
mons, such as the open oceans. Such an institu-
tion could raise vast sums of money to protect
the oceans.

Biodiversity is one of the characteristics of
ecosystems. It poses the question: is the portfolio
of assets diverse, or is it concentrated on just a few
things? Now, ecosystems differ greatly in size.
My mouth is an ecosystem but so are the oceans.
Yet it is possible to adopt a consistent way of
thinking about these assets at various levels of
scale. Doing so forces an holistic approach
because it looks at the whole of the biosphere, but
considers it in its component parts which are all
interrelated.

So the review was not just about measuring
carbon. Biomass was not considered as a unit of
account either. Instead, the focus was on eco-
system functions.

Now, | have a background in economics. My
experience of very, very large-scale global models
is that they can be very misleading and result in
mistakes. Ecologists, on the other hand, tend to
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e
study the small scale. Of course, small scale in
terms of the planet could mean the Amazon rain-
forest. Yet, studying samples and how the various
elements interact with one another means consid-
ering them as integrated systems. It is not a great
idea to strive for a mega-model of the biosphere.
Starting with the various components of eco-
systems, itisevident how at every stage those small
systems are related to one another. That way, an
overall view can be built up, rather than trying to
impose a top-down approach.

The global commons

After the Second World War, the nations of the
world were farsighted and established interna-
tional institutions like the World Bank and the
International Monetary Fund. These were
designed to supply global public goods. The inter-
national community should now be considering
establishing bodies to protect and manage the
global commons, like the open oceans. By collect-
ing rents for their use, a huge amount of revenue
could be generated for awide variety of conserva-
tion projects. Yet there are also global commons,
in the form of peatlands and the tropical rain-
forest, that lie within national jurisdictions.

How should that work in economic terms?
Obviously, countries should be compensated for
protecting them, because they constitute global
public goods with everybody enjoying the bene-
fits and these countries will be bearing the entire
responsibility of protecting them. Some subsi-
dies are therefore required for this. To be clear
though, in this context ‘subsidy’ is actually a pay-
ment for ecosystem services, such as is already
commonly used in countries like Costa Rica and
China, at the local level.

fst journal www.foundation.org.uk
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Focussing on consumption, though, avoids the
question of population growth. Regardless of one’s
views on the general topic, there are things that we
should be doing. Globally, over 200 million
women of reproductive age have an unmet need
for family planning: they do not have the equip-
ment, the knowledge or the facilities. Yet nothing
is being done about it. Of all the foreign aid going
from OECD countries, less than 1% goes to family
planning. Now, everyone says that women’s
empowerment is extremely important but that will
not happen if they do not have control over their
own bodies. To give another example: people say
that these issues can be tackled through education.
However, after all the years of investment in educa-
tion, the World Bank reports that a third of women
aged 15-24 in the poorest countries are still illiter-
ate. There isagood deal we can do right now.

Grassroots strategy

What could we do in the UK? Well, let's start ata
grassroots level, with every child having nature
study as compulsory. Introduce this at primary
school level, but revisit it right through to tertiary
education.

We already have the Three Rsas the basis of our
education system, so let’s add a fourth, which is
nature studies. Love for nature can only arise if
people actually handle nature though: mucking
around insoil, examining what is there, the fungus
and the earthworms and so forth. That could be
the beginning of a real cultural revolution.

DOI:10.53289/ZRAC7551
Lwww.gov.uk/government/publications/final-
report-the-economics-of-biodiversity-the-dasgupta-
review

Ecologists tend to
study the small scale
- but small scale in
terms of the planet
could mean the
Amazon rainforest.
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International action on
biodiversity

Yadvinder Malhi

)\
ProfessorYadvinder Malhi
CBEFRS is Professor of
Ecosystem Science at Oxford
University and Director of the
Oxford Centre for Tropical
Forests. Inaddition, heis
Visiting Professor atImperial
College London. He chaired
the process of drafting of
the G7 Science Academies
Statementon Biodiversity.
He has a broad research
interestin the interactions
between the biosphere and
climate change. He has
developed aninternational
research network, the Global
Ecosystem Monitoring
network (GEM gem.
tropicalforests.ox.ac.
uk) collecting data on
ecosystem functionina
number of research sites
acrossthe tropics.

Countries like the
UK have a relatively
good understanding
of biodiversity and
have developed
effective monitoring
systems.

The G7 has a major role to play in
addressing the biodiversity crisis. While
members account for 10% of the world’s
population, they are responsible for 40% of the
world’s consumption of biological resources,
i.e. of nature.

So there is an important moral dimension in
this, and also potential leadership. This group of
the most influential nations can take major
action, both within the member nations but also
through supporting initiatives across the world.

In order to outline that role and move things
forward, the Science Academies of the G7—all 30
of them — drafted the Statement on Biodiversity?,
which includes a set of recommendations. The
first concerns the need to embed biodiversity into
economic planning and thinking, as well as
human wellbeing. The world needs to move
beyond narrow economic definitions to a much
more integrated approach.

The second recommendation isabout the inte-
gration of systems-thinking into our planning for
the future — linking up economic planning and
human development planning with an under-
standing of climate and biodiversity. The aim, of
course, isto enable joined-up decisions about for-
ward pathways.

The final recommendation involved the ways
to monitor biodiversity effectively. How will we
know when things are going wrong and, equally,
when thingsare going right? Whatare the gapsin
humanity’s ability to understand the world’s
immense biological diversity? What improve-
ments can be made both in terms of overall tech-
nological capacity and also in strengthening gen-
eral capacity in the global South where most of the
world’s biodiversity is found?

The underlying principle is to consider the
biophysical capacity limits of biodiversity when
drawing up economic or trade plans. This could
include establishing pathways that combine sus-
tainable agricultural yields: in other words,
improving the provision of nutrition for human-
ity, while at the same time protecting biodiversity
and staying within a safe climate space.

Another area, which is still an emerging con-
cept, is to manage biodiversity and trade while
minimising the risk of the emergence and spread
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SUMMARY

® G7membercountries are responsible for 40% of
the world’s consumption of biological resources

® Biodiversity must be embedded into economic
planning and thinking

® The monitoring of changesin biodiversity is
essential

® Biodiversity is now being recognised as an
existential challenge

® Havingthe willto acton ourimproved
understandingisthe real challenge.

of infectious diseases. Not just the initial appear-
ance of the disease but also the international con-
nectionsthatallow it to spread. Agreed protocols
need to be developed.

Then there is the whole field of nature-based
solutions. Inaddition to finding ways to mitigate
or adapt to climate change, we need to find ways
toaddress the biodiversity crisis while at the same
time aiding human development. So forexample,
one avenue is to encourage a shift towards more
plant-based diets. That does not mean every-
body has to become vegetarian or vegan, but
decreasing the amount and footprint of meat in
our dietisimportant, because the amount of land
devoted to rearing livestock is a major cause of
biodiversity loss and habitat degradation.

Monitoring
The monitoring of changes in biodiversity is
essential in helping develop strategies to protect
the environment. Countries like the UK have a
relatively good understanding of biodiversity and
have developed effective monitoring systems for
the many aspects of that diversity. In other coun-
tries, inthe tropics for example, it is really difficult
to maintain biological tracking, partly because
the biology is so much more overwhelming —
there is so much more of it. In addition, the
resources and the capacity to carry out this
monitoring effectively are simply not there.
Sothere is potential to strengthen monitoring
networks, particularly in these biodiversity-rich
countries. Itwould be worth considering extend-
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ing it beyond the obvious as well. Everyone loves
birds and mammals, and they are generally quite
well studied and monitored. However, the insects
that are crucial to many of the essential life sup-
portfunctions of biodiversity, or the creatures that
keep soil healthy, need much more understanding
and attention so that we know when things are
beginning to fall apart, or when we want to rebuild
natural ecosystems.

Biodiversity has been the neglected sibling of
the climate challenge: climate change has been
seen asan existential threat for quite awhile. Bio-
diversity, on the other hand, has been thought of
as nice to have, but not essential.

That has begun to change with biodiversity
also recognised as an existential challenge. Pull-
ing apart the fabric of our biodiversity will result
in fundamental breakdowns in our resilience to
climate change and many other issues.

Robust analysis

There is a real opportunity now for next-genera-
tion modelling to include the climate system, the
complexity of the ecological system, and the com-
plexity of the social system. All of this in one
framework allows an exploration of feedbacks
andtrade-offs. Allthe variouselements have been
around for awhile, butwith today’s computation-
al power, as well as our greater ecological and
social understanding, itis possible to carry outan
analysis that is much more robust.

Producing better and better scenarios to
improve our understanding is only part of the
solution, though. Having the will to act on that
understanding is, obviously, the more profound
challenge that we have.

Itisimportant to highlight consumptionwhen
thinking about population. When questions are
asked about human populations and their impact
on the planet, the focus tends to be on the global
South, where some countries have large projected
population increases. Yet the global North has a
disproportionate impact overall, because per cap-
itaconsumption is so high.

There are two ways of addressing high levels of
consumption. The first is to limit or ultimately
decrease it. The other is to make consumption as
decoupled or circular as possible. In the latter, as
many materials as possible are recycled, energy
does not pour waste carbon dioxide into the
atmosphere and efforts are made to decouple the
economy from biophysical systems by reducing
the interactions.

Itisvery difficult to see a future where there are
no limits placed on consumption. There isa great
deal of effort going into persuading people to
moderate or reduce their use of resources. Yet that
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change not is happening quickly enough, so there
may be a need to think more proactively about
some limits, making hard choices. There are exam-
ple of where this has worked: plastic bags is one.

The net zero goal sets a number of short-
er-term goals — where we need to be in 10 years’
time for example —on the way to the mid-century
netzero goal. Goals on biodiversity are also being
established, with some long-term targets for gov-
ernments to commit to.

Societal change is a key factor. If society com-
mits to these goals, they are much more likely to
be carried through in the longer term: there will
be a popular mandate.

On questions of international governance,
there are areas of the world that have, like the Ant-
arctic, international agreement about the way
they are regulated. A colleague who is a marine
scientist has proposed reversing the current
approach to global commons governance —in this
case, of the open oceans. Instead of defensively
protecting them, the default would be that they
are not to be exploited. Exceptionswould only be
made on the basis of a robust, agreed proposal.

The biosphere is the matrix that creates usand
surrounds us. There is a visceral connection to
nature —and pandemics really bring that reality
home. Such immersive connection is probably
best communicated through the Arts and the
Humanities, bringing a deeper cultural under-
standing — there is a real role for these disciplines
in getting beyond words and attaching us to a
deeper connection with nature.

DOI:10.53289/TJUW3562
Lwww.interacademies.org/sites/default/
files/2021-04/DES7289_2_S7%20Statement_
Biodiversity.pdf
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There is a great deal
of effort going into
persuading people
to moderate or
reduce their use of
resources - such as
legislation to reduce
the consumption of
plastic bags.

Biodiversity has
been the neglected
sibling of the
climate challenge.
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Rethinking the way society
operates

Stephanie Wray

DrStephanie Wrayisan
ecologistand the Managing
Director of RSKBiocensus,
an environmental
consultancy specialising
inbiodiversity and natural
capitalissues. Sheisa
former President ofthe
Chartered Institute of
Ecology and Environmental
Management, andisthe
Chairofthe Institute’s
Strategic Policy Panel.
Herwork focusses on
environmental law and
policy, sustainability and
biodiversity; she advises
both Governmental and
private clients.

The UN Convention
on Biological
Diversity dates back
to the Earth Summit
in Rio de Janeiro

in 1992

he UN Convention on Biological Diversi-

ty seeks to protect biodiversity globally.

The agreement is not just about conserv-
ing biodiversity, though, it also looks at the sus-
tainable use of natural resources. That meansthe
goods and services that arise from biodiversity
and how these are used so that they will be avail-
able for future generations. The Convention is
also concerned with the equitable sharing of the
benefits of biodiversity and natural capital.

The Convention dates back to the Earth Sum-
mit in Rio de Janeiro in 1992 some 30 years ago.
Since then, there have been regular meetings of
the parties. Aseries of targets have been setwhich
have yet to be achieved: none of the most recent
has been completed inits entirety.

The Conference of the Parties which starts this
autumn in Chinais the time and place where del-
egates need to take account of all the guidance
that has been given. The data shows that bio-
diversity is declining; there have been many stud-
ies demonstrating that. In this decade we need a
complete shift in a range of global systems. The
next 10 years must be the UN decade of an eco-
system restoration. We are already one year into
the decade: there are just nine left to deliver this.

UK issues

In terms of national biodiversity, there are signif-
icant issues in the UK. Itis among the countries
that have seen the greatest decline. There is very
little natural habitat within the UK. My particular
specialisation is mammals: in the UK, 25% of
them are at risk of extinction. If common, rapid-

SUMMARY

® Biodiversity is declining and that decline must be
addressed urgently

® The UKisamongthe countries that have seen the
greatestdecline

® Sustainability is about more than carbon and
netzero

® Business needs a good structure of legislation,
policy and regulation within which to operate

® [tisimportantto view everythingin terms of how
the activity affects the natural environment.

ly-breeding species like rodents are being driven
to the brink of extinction, there is a problem.

A country’s biodiversity is related to the legis-
lation and policies in place. In policy terms, the
UK’s approach to dealing with this crisis is ahead
of many other countries. There is legislation that
derives from EU policy. There are innovative
ideas in the Environment Bill. And there are
examples of great practice in ecosystem resto-
ration, habitat restoration and rewilding. These
must all be brought together to form a body of
policy which provides the motivation and direc-
tion of future action.

While much of the effort will have to come
from business as the driver of economic activity,
awide spectrum of activity is required — interna-
tional treaty and Government policy level, right
through to individual action.

In terms of business, it is important to stop

United Nations Conference
on Sustainable Development

de Janeiro, Brazil - 20 - 22 June 2012
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thinking that sustainability isall about carbon and
net zero: there are wider measures of sustainabil-
ity. Everyone is familiar with the three-legged
stool image of sustainability: of environment,
social and economic aspects. The stool needs to
be balanced in order to achieve sustainability so
all three have to be addressed simultaneously.
Tostartwith, how are we using natural resourc-
es? Businesses need to think in whole-of-life terms
and consider the whole of the value chain, rather
than just as far as the factory gate. Where are the
raw materials coming from? Do they have signifi-
cant natural resource implications? Does the pro-
duction process take a lot of water? Responsibility
ismuch broader than the immediate activities that
abusiness may have direct control over.

Business matters
Businesses need to start thinking in a different way
in order to tackle these crises, to make themselves
fit for the future and avoid some of the business
risks that arise from these challenges. Tobeableto
do that, they need a good structure of legislation,
policy and regulation within which to operate.
Businesses innovate and find clever new ways
to do things. But they work within the existing
economic system. Without structural change,
withouta rethinking of institutions, it will be real-
ly hard for business to make that leap. Of course,
there will be some innovators who find a way to
make acommercial advantage of being more sus-
tainable. Many people, though, will not follow
that lead until a supportive structure is in place.
There is much discussion about the linkages
between biodiversity and global warming. But
there is a deficit of joined-up policies, though

fst journal www.foundation.org.uk

|

these will be essential if net zero strategies are to
be extended to deliver genuine sustainability.

For example, one of the most common nature-
based solutions for climate change is planting
trees. However, planting trees in the wrong plac-
esactually has a negative effect, both for biodiver-
sity and potentially for climate. Atonesite | have
been studying, the best solution for both bio-
diversity and for climate is to remove hundreds of
hectares of trees in order to restore the natural
bog underneath, as this will sequester far more
carbon while being more beneficial for the bio-
diversity that should be in the area (and that in
turnwill bring additional benefits for water qual-
ity in the streams and so on).

Just focussing on one element can result in
choices which may not have the best outcomes —
indeed, they can sometimes have the reverse
effect. Itis important to do everything through
the lens of an holistic approach that addresses the
question: how does this affect the natural environ-
ment? Does it have a net positive impact on life, in
its broadest sense, both human and also in the
natural environment?

This implies nothing less than completely
rethinking society, how we do business, and how
we go about our day-to-day lives. Itisjustnot pos-
sible to carry on living as though natural resourc-
es are unlimited. That may entail sacrifices like
missing out on the next version of the smartphone
that comes out every year. Yet maybe that is not
what we should be wanting. Maybe we need to
think about wanting less and still enjoying a better
quality of life.

DOI:10.53289/XPTD9760

One of the most
common nature-
based solutions for
climate change is
planting trees.
However, planting
trees in the wrong
places actually has a
negative effect.
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Nature: a blind spot In
economic theory

A fundamental change in how we think about and approach economics is needed if we are to reverse
biodiversity loss and protect and enhance our prosperity, an independent, global review on the economics
of biodiversity has reported.

The Economics
of Biodiversity:
The Dasgupta
Review

T he independent review led by Professor
Sir Partha Dasgupta presents a compre-
hensive economic framework for bio-
diversity. It calls for urgent and transformative
change in how we think, act and measure eco-
nomic success to protect and enhance our pros-
perity and the natural world.

Grounded in a deep understanding of eco-
system processes and how they are affected by
economic activity, the new framework presented
by the Dasgupta Review sets out the ways in which
we should account for nature in economics and
decision-making.

Part of nature

It states that we are part of nature, not separate
from it. We rely on nature to provide us with
food, water and shelter; regulate our climate and
disease; maintain nutrient cycles and oxygen
production; and provide us with spiritual ful-
filment and opportunities for recreation and
recuperation, which can enhance our health
and wellbeing. We also use the planet as a sink
for our waste products, such as carbon dioxide,
plastics and other forms of waste, including
pollution.

Nature is therefore an asset, just as produced
capital (roads, buildings and factories) and
human capital (health, knowledge and skills)
are assets. Like education and health, however,
nature is more than an economic good: many
value its very existence and recognise its intrinsic
worth too.

Biodiversity enables nature to be productive,
resilient and adaptable. Just as diversity within a
portfolio of financial assets reduces risk and
uncertainty, so diversity within a portfolio of nat-
ural assets increases nature’s resilience to shocks,
reducing the risks to nature’s services. Reduce bio-
diversity, and nature and humanity suffer, notes
the Review.

The Review argues that nature is our most
precious asset and that significant declines in
biodiversity are undermining the productivity,
resilience and adaptability of nature. This in
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turn has put our economies, livelihoods and
wellbeing at risk.

It finds that humanity has collectively mis-
managed its global portfolio of assets, meaning
the demands on nature far exceed its capacity to
supply the goods and services we all rely on.

The Review makes clear that urgent and trans-
formative action taken now would be significant-
ly less costly than delay and will require change on
three broad fronts:
® Humanity must ensure its demands on nature

do not exceed its sustainable supply and must

increase the global supply of natural assets
relative to their current level. For example,
expanding and improving management

of Protected Areas; increasing investment

in nature-based solutions; and deploying

policies that discourage damaging forms of

consumption and production.

® \\e should adopt different metrics for
economic success and move towards an
inclusive measure of wealth that accounts

for the benefits from investing in natural

assets and helps to make clear the trade-offs

between investments in different assets.

Introducing natural capital into national

accounting systemsisacritical step.
® \We must transform our institutions and

systems — particularly finance and education

—to enable these changes and sustain them for

future generations. For example, by increasing

public and private financial flows that enhance
our natural assets and decrease those that
degrade them; and by empowering citizens to
make informed choices and demand change,
including by firmly establishing the natural
world in education policy.

The Government has welcomed the Review’s
final reportand is expected to respond formally to
the Review’s findings in due course.

www.gov.uk/government/publications/
final-report-the-economics-of-biodiversity-the-
dasgupta-review
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ADVISING GOVERNMENT

The UKhas a well-developed framework for providing science advice to Government. Areport published by
the Foundation describes this system and how it might be adapted to otherjurisdictions.

Science Advice In the UK

t the end of 2020, the British
Embassy in Santiago commis-
sioned the Foundation for Sci-

ence and Technology to produce areport
looking at science advice inthe UK. The
idea behind the report was not just to
explain how the UK system of science
advice worked, but how this system has
developed over time. This might prove
of use to other countries as they develop
their own science advisory systems.

The Chief Executive of the Founda-
tion, Gavin Costigan, worked together
with Anna Hopkins of Transforming
Evidence, Dr Sarah Foxen of the Parlia-
mentary Office of Science and Technol-
ogy and Dr Kathryn Oliver of the Lon-
don School of Hygiene and Tropical
Medicine, to interview current and for-
mer Chief Scientific Advisers, civil ser-
vants, Research Councils, national acad-
emies, universities and others. Thiswas
in order to explore science advice from
both the demand and supply side. The
final report, Science Advice in the UK,
was published in September 2021 and
launched at an event in collaboration
with the Chilean Science Ministry and
the British Embassy in Santiago.

Government Chief Scientific Adviser
The reportexamines the role of the Gov-
ernment Chief Scientific Adviser
(GCSA), and how that individual is sup-
ported by the Government Office for
Science. The role of the GCSA is a key
feature of the UK’s Science Advisory sys-
tem. The first GCSA was appointed in
1965 (although previous Governments
had advisers of different kinds). In the
UK system, the GCSA is not a political
appointment, but a civil servant who is
politically neutral and would stay in post
if the Government changed. Thisperson
would typically be a leading scientist or
researcher in their field.

The authority of the GCSA comes
from the Prime Minister. Former
GCSAs stressed the importance of hav-
ing this authority, as it allowed them to
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work across Government and seek sup-
port from officials and Ministers in dif-
ferent Departments. Trustis thereforea
key part of making thiswork, as are some
of the individual relationships involved.
Itis clear that the individual holding
this position cannot possibly have all the
expertise needed, so a large part of
making the role successful is accessing
that expertise, either through existing
structures or actively convening agroup
of experts when the need arises. Equally
importantly, the GCSA has a role to
communicate directly to the public
aboutscience and science advice.
Thisfunnellingand focus through one
person can be areal strength—in particu-
lar, it allows trust to build up between
Ministers and senior policy makers, as
well as the GCSA. However, it is also a
potential weakness if those relationships

|
Since the reportwas published, the
National Science and Technology

Council and the Office for Science and
Technology Strategy (www.gov.uk/
government/groups/o ce-for-science-
and-technology-strategy) have been
established to provide further avenues of
science advice to Government.

donotwork. Another potential weakness
isalack of diversity and inclusionifavery
small number of people are involved in
decision-making: systems are needed to
avoid any “group think”.

The Government Office for Science
The GCSA is supported by the Govern-
ment Office for Science (GO-Science).
This is a central body within UK Gov-
ernment pulling together science advice.
GO-Science has some specific commis-
sioning roles (for example in Foresight
and futures planning), and provides the
secretariat for key committees, such as
the Science Advisory Group for Emer-
gencies (SAGE).

Itisalso helping the GCSAdriveacul-
tural shift across Government to embed
science advice in different Government
Departmentsand agencies. Inaddition, it
supports the Science and Engineering
Profession across Government.

Government Departments

As in all countries, individual policy
responsibilities are held in different
Departments across Government and
they have their own need for science
advice. All Government Departmentsin
the UK have a Departmental Chief Sci-
entific Adviser (CSA) — but that was not
always the case. Crises such as the Foot
& Mouth outbreak of 2001 illustrated the
need for a wider range of CSAs but it
took several years for the network of
CSAs to be fully established.

CSAs provide advice to their own
Ministers and are line-managed in their
own Department, but akey feature of the
system is that they network with each
other and with the GCSA. Where need-
ed, they feed in advice and expertise to
the centre.

Aswiththe GCSA, these are civil ser-
vants, not political appointments, and
are usually established researchers.
Often, they work part-time in Govern-
ment and part-time in their university.

Like the GCSA role, the success or
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The UK has awell-developed framework for delivering scientific advice to Government

failure of the CSA role hinges around
individual relationships, and the holders
have greater authority and influence in
some Departments than in others.
Some Departments also fund their
own research and CSAs have akey rolein
shaping that science programme. There
has been a recent exercise across all
Departmentsto publish Areas of Research
Interest: these identify to funders and
researchers where the Department needs
evidence. Again, different Departments
have made greater or lesser use of their
Areasof Research Interestand the process
isstill developing.

Committees
Many Government Departments access
science advice via the use of expert com-
mittees. These have been established
over time and there is no single model,
although there are some central guide-
lines. There are also some central Gov-
ernment advisory committees, the best
known of which is SAGE, the Science
Advisory Group for Emergencies.

SAGE was originally established as a
mechanism to gather experts in response
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to a crisis, typically of short duration.
During the Covid pandemic, however, it
has undergone a huge transformation.
There has been a massive increase in its
activities and the support given to it in
order to provide the critical science
advice needed by Government.

There have been inevitable issues of
trust, mutual understanding and commu-
nication between Ministers, officials and
advisersduring Covid, butitisclear that it
would have been much harder for the UK
to tackle Covid if it did not already have
existing science advisory structures.

Science and Parliament
Aswith Government, there are challeng-
es in getting successful engagement
between Parliamentarians and those
with evidence such as academics. The
Parliamentary Office for Science and
Technology (POST) is Parliament’s
in-house science advisory mechanism —
it promotes links, produces briefing,
holds events, delivers training on knowl-
edge exchange and organises fellowships.
As with Government, structures and
systems have evolved over time. Select

Committeesin Parliament scrutinise the
work of Government and hold inquiries
on relevant subjects; to do this they solic-
it scientific evidence and expertise.

There is, of course, adanger of always
going to known experts. Parliament is
aware of this and has taken active steps to
broaden diversity of expertise—helpedin
part by providing incentives for academ-
ics to engage with them.

Therole of funders

As well as the use of scientific evidence,
there have been significant developments
in recent years about how those with such
evidence and expertise are improving the
way they supply it. This has been partly
driven by financial incentives, with UKRI
and its Research Councils playingabridg-
ing role between Government and the
research community.

The biggest change in recent years is
in the Research Excellence Framework
(REF) which assesses research perfor-
mance inthe UK and awards Quality-Re-
lated (QR) funding as a result. In the
past, this only measured the excellence of
the research.
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In 2021, 25% of the outcome was
based on the excellence of the impact of
the research — which includes policy
impact. This provides a direct incentive
for universities to engage with policy.
There are other specific grant funds
which have also beenintroduced, such as
Impact Acceleration Accounts and the
Higher Education Innovation Fund.

In some cases, Research Councils are
working with Government to identify
long term research needs and facilitating
funding calls to address them. Some
Councils also fund specific research and
evidence centres, and they are building
their own teams of evidence brokers.

The research community

There have always been academics who
have worked with policymakers, but
until recently this was very much down
to the individual concerned. For many
academics, there are many more incen-
tives not to engage with policy than to do

ADVISING GOVERNMENT

The Universities Policy
Engagement Network aims
to provide a ‘one-stop
shop’ for policy officials.

so, though the culture is slowly changing.

In recent years, driven in part by the
financial incentives mentioned, univer-
sities have become more systematic in
providing ‘evidence brokerage, with spe-
cialist teams helping to bridge the gap
between expertsand policymakers. Such
teams are involved in increasing both
demand ‘pull’and evidence ‘push’, as well
as helping build skills in the research
community and supporting second-
ments of researchersin Governmentand
Parliament. The Universities Policy
Engagement Network (UPEN), setup in
2018, aims to provide a ‘one-stop shop’
for policy officials.

National Academiesalso play acrucial
role, in particular because of their power

to convene expertise. The major acade-
mies all have policy units, working both
proactively and reactively in policy
engagement. National Laboratories also
provide evidence to Government, and a
recentaddition to the UK system has been
the What Works Centres, which aim to
increase the supply of tailored, policy-rel-
evant evidence in specific areas.

e Science Advice in the UK was published
on 21 September 2021 by the Foundation
for Science and Technology and Trans-
forming Evidence. Transforming Evi-
dence is a multidisciplinary, cross-sec-
toral, international community that aims
to connect individuals and organisations
who generate, share and use evidence.
Thereportisavailable on the Foundation's
website (in both English and Spanish) at:
www.foundation.org.uk/Document-
Library/Science-Advice-in-the-UK
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RECENT PODCASTS AND BLOGS

Amongthe sections on the Foundation’s website are the regularly updated podcasts and blogs. These covera wide range of topics
touching onscience, technology and innovation. A number of them expand on the discussions that take place in the main Foundation
meetings - and these are detailed in the relevant sections of thisissue. Otherrecent postings are listed here.

RECENTPODCASTS

SirlanDiamond
The Work of the ONS during the Covid
Pandemic

Dr George Dibb
Technology and Economics

Kevin Sabin
Technology and Skills in the UK Mining
Industry

DrPaul Bate
UK Space Strategy

Anna Hopkins, Dr Sarah Foxen and Dr
Kathryn Oliver
Science Advice inthe UK

Amar Bhardwaij
US-UK COP26 Youth Working Group

DrHelenPain
Royal Society of Chemistry

RECENT BLOG POSTS

Chloe Davis
Will your energy bills go down with nuclear
energy production?

Indro Mukerjee
Building the Future Economy

Jules Payne

Putting patients atthe heart of early-phase
clinical trials
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Daniel Swerdlow

Improving clinical trial success by
optimising patient selection - how can UK
healthcare data resources help?

SirGordon Du
Ascientific superpower: harnessingthe
UK’s early-phase research capabilities

Keyne Walker
Systems thinking: the key to getting net
zeroright

DrTom Dolan

National Infrastructure - A Globally
Significant Leverage Point fora
Sustainable, Resilient, NetZero Future
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COMMENT

The United Nations, Educational, Scientific and Cultural Organisation (UNESCO) celebrated its 75th
Anniversaryin 2021. Itisthe only UN agency that engages explicitly with and promotes science

Science and UNESCO in the UK

David Drewry

Professor David Drewry
is Non-Executive Director
(Natural Sciences) atthe UK
Commission for UNESCO. He
was Directorof Science and
Technology at NERC, Director
of the British Antarctic
Survey, served as Chair of
the Council of Managers of
National Antarctic Programs
and was President ofthe
International Arctic Science
Committee. He was also
Directorofthe Scott Polar
Research Institute. He was
awarded the Polar Medal,
Patron’s Gold Medal of the
Royal Geographical Society,
and hasamountainand
glaciernamed after himin
Antarctica.

l l NESCO was founded in London in
1945. Its Constitution was then ratified
on 4 November 1946 with its headquar-

tersto be based in Paris.

Its enduring vision is that peace and human
rights must be built upon the intellectual and
moral solidarity of humanity. Thisisenshrinedin
its Constitution and summarised as “since wars
begin in the minds of men and women, itisin the
minds of men and women that the defences of
peace must be constructed”

UNESCO's responsibility is to reaffirm the
missions of education, science and culture by act-
ing as a laboratory of ideas, setting international
normative standards, building capacity, and
being a catalyst for international dialogue and
co-operation.

National Commission

Each acceding state, of which there are 193, has
established a Commission as the official body
coordinating its UNESCO activities. Inthe UK,
the aim of the National Commission is to be an
active, authoritative and influential leader in
engaging with UNESCO. It advises Government
Departments on UNESCO programmes and
standard-setting instruments, and it promotes
measures and enterprises on behalf of the UK
harnessing its considerable convening powers.
UKNC goals are thus allied closely with the UK
Government's strategic objectives as currently
manifested in the Integrated Review.

Across the UK there are over 170 UNESCO
designations, associated with 1300 further busi-
nesses, local and regional bodies and organisa-
tions. Scientific interests are focussed through
geoparks, biosphere reserves and university
chairs, as well as the network of experts, and can
elide with World Heritage sites as in the recent
designation (2019) of Jodrell Bank Observatory
and The Giant’s Causeway.

In all of these, UKNC is the link between
UNESCO, Government and civil society,
enabling them to contribute positively and with
impact on global science agendas and engage
directly with the international community. In
this way it works to support the UK’s contribu-
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tion to UNESCO and to bring the benefits of
UNESCO to the UK.

UNESCO science

Since its outset, UNESCO has viewed interna-
tional scientific cooperation as fundamental. It
established the CERN Convention that led to the
establishment of the European Organisation for
Nuclear Research in 1954. Ten years later the
Nobel Laureate Abdul Salam founded the Inter-
national Centre for Theoretical Physics with a
mission to advance scientific expertise in the
developing world. Today, UNESCO is pushing
forward with issues of contemporary resonance
—recommendations on climate change, the ethics
of Artificial Intelligence and Open Science.

The work of UKNC in science forms part of a
multi-lateral approach to international engage-
ments and maintains the UK position of the rules-
based system, an overarching objective of the
Integrated Review. More specifically, the UKNC
supportsand has oversight of the contributions to
UNESCO programmes that build on the UK’s
considerable scientific expertise.

The International Oceanographic Commis-
sion (IOC) is coordinating projects in areas such
as ocean observations, tsunami warnings and
marine spatial planning. The 10C provides a
focus for UN bodies working to understand and
improve the management of our oceans, coasts
and marine ecosystems.

Inthe UK, the National Oceanographic Centre
plays a leading role and is particularly influential.
The Intergovernmental Hydrological Programme
is devoted to water research and management as
well as related education and capacity develop-
ment. The Centre for Ecology and Hydrology is
playing a prominent research function and coor-
dinates contributions across UK universities and
other establishments. It works collaboratively in
least-developed countries to underpin access to
water for disadvantaged communities.

Biosphere reserves

The long-running Man and the Biosphere Pro-
gramme (MAB) isfocused on enhancing the rela-
tionship between people and their environment
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through a network of biosphere reserves combin-
ing social and the natural sciences. The UK has
taken a leading role in developing its 10-year
Strategy and Action Plan.

The seven UK biosphere reserves find creative
ways for people and nature to thrive together. The
North Devon Biosphere Reserve embraces Dart-
moor, Exmoor and Lundy Island. It possesses one
of the best dune systems in the northern hemi-
sphere, a strong maritime heritage, and thriving
cultural communities.

Othersinclude the Isle of Man, Wester Rossand
Brighton & Lewes Downs. This last attracts 12
million visitors annually who come to experience
the high-quality natural environment and rich
heritage, including Neolithic archaeological sites.
Visitors are engaged directly with the science of
landscape, geology and coastal ecosystems.

Primary hubs

The Geological Society and the British Geological
Survey are the primary hubs for the International
Geoscience Programme (IGCP). This includes
understanding and mitigating geohazard risks,
sustainable use of earth resources, as well as study-
ing changes in Earth’s climate and life on Earth as
preserved in the geological record.

The seven UK global geoparks include the
North-West Highlands, Cuilcagh Lakelands
straddling the Northern Ireland-Eire border, For-
est Fawr (Brecon Beacons) as well as the English
Riviera in South Devon that is home to the Kents
Cavern jawbone, the oldest modern human fossil
in North-West Europe. 1n 2021, UNESCO estab-
lished a worldwide Annual Geodiversity Day on
the joint proposal of the UK and Portugal.

Sustainable Development Goals
Cuttingacrossall UNESCO activitiesare the UN’s
Sustainable Development Goals (SDGs) which
arerooted inafundamental concern for our plan-
et’s longer-term health and the wellbeing of its
inhabitants. Many of these are tracked by UNES-
COsscience programmes —climate, poverty elim-
ination, clean water, affordable clean energy and
sustainable cities. UKNC monitors UK involve-
ment in these global activities.

UK UNESCO designations provide a visible
demonstration of the support for various SDGs.
For example, many are contributing actively to the
urgentand pervasive challenges of climate change.
Biosphere reserves and geoparks are in represen-
tative locations for monitoring changes to the nat-
ural environment and are delivering significant
research and educational opportunities. Their
community-led partnership constitution helps
promote an appreciation of natural and cultural
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heritage while supporting local sustainable eco-
nomic development, primarily through geo- and
eco-tourism. They are playing fundamental roles
in communicating the urgency and importance of
climate change to tens of thousands of linked com-
munities, stakeholders and individuals. This top-
to-bottom characteristic is particularly powerful.

The value of UNESCO in the UK
The UKNC has undertaken important initiatives
evaluating and quantifying the benefits to the UK
of UNESCO designations. The 2019 survey of
approximately half of the UK designations shows,
in relatively simplistic terms, their annual contri-
bution amounts to about £150 million; this
excludes benefits in-kind and downstream to sup-
ply chains. The overall fiscal benefit is likely to be
several times this number. The exercise has been
sufficiently successful for UNESCO and other
countries, such as Denmark, Canada, Iceland and
Portugal to seek UKNC'sadvice and proceduresin
order to undertake similar evaluations themselves.
The UKNC comprises an extremely small but
able staff and seven non-executive directors, yet it
has worked energetically to undertake a range of
collaborative projects alongside the FCDO pri-
marily, as well as other Government Departments
(BEIS, DCMS and DfE) and independent agen-
cies. For a decade, it has worked jointly with
L'Oreal to deliver the annual Women in Science
awards that have recognised outstanding talent. It
has administered the Newton Prize for the UK
Newton Fund, advised the UK Permanent Dele-
gationto UNESCO on all UNESCO programmes
and provided Alternate UK members of the UNE-
SCO Executive Board.

Challenges

Global trends and contemporary challenges fac-
ing the world today require international collabo-
ration, dialogue and multilateral approaches.
These include: climate change; biodiversity loss;
depletion of ocean resources; access to water;
impact of frontier technologies (notably Al); dis-
information, hate speech and rising extremism;
growing urbanisation; unequal access to knowl-
edge and technology; and gender inequalities.

In the face of these serious threats UNESCO's
pluralist, humanist philosophy ismore important
than ever and offers a framework that is open to
all, endorses the rule-based international system
and provides widespread benefit through its
engagement in scientific programmes — inter-
laced with the SDGs—in which the UK canand is
playing an effective role.
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The 2019 survey of
approximately half of
the UK’s UNESCO
designations shows
theirannual
contribution
amounts to about
£150 millionin
benefits to the UK.

UKUNESCO
designations
provide avisible
demonstration of the
support forvarious
UN Sustainable
Development Goals.
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A SYSTEMS APPROACH

The public tends to
understand climate
change in emotional
images of wildfires,
parched earth and
extreme weather,
rather than cold,
scientific fact.

system. Toensure ajust transition, we need to use
the transition period to deliver this integrated
energy vision. This must be done in such a way
that jobs can be transferred, with skills and capa-
bilities redirected to achieve this integrated ener-
gy system.

Realising the vision

Inastudy carried outin 2019, the Net Zero Tech-
nology Centre looked at the critical technologies
needed to deliver this integrated energy future.
Thereisahost of scenarios that could unlock a net
zero future. For example, moving to blue hydro-
genallows the industry to fast track the hydrogen
economy, but also prepare for a green hydrogen
future. There are many technologies that can be
synergistic and complement each other.

The face of the North Sea is evolving from an
oil and gas arena to somewhere where we reuse
existing facilities for hydrogen and for carbon
sequestration. It is also one where we generate
power from wind, wave and tidal.

By reusing infrastructure that already exists,
the carbon footprint of creating this new integrat-
ed energy system can be minimised.

Itis critical to start investing at pace which
means working in partnership, across govern-
ment, industry and academia. The challenge
is not just in building an integrated energy
system, but in creating an integrated roadmap to
encourage working through the complexities
together, cross-sector and cross-industry.
Solving the climate challenge together can
create a new, sustainable, affordable net zero
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future, one that is fit for people and planet.

This implies nothing less than completely
rethinking society, how we do business, and how
we go about our day-to-day lives. Itisjustnot pos-
sible to carry on living as though natural resourc-
es are unlimited. That may entail sacrifices like
missing out on the next version of the smartphone
that comes out every year. Yet maybe that is not
what we should be wanting. Maybe we need to
think about wanting less and still enjoying a better
quality of life.
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A SYSTEMS APPROACH

e debate

The formal presentations were followed by a panel session in which topics covered included: the scope of
the challenge; national priorities; potential conflicts between national/international programmes and those
of particular bodies; changing behaviours; and the risk of unintended consequences.

he audience noted that the challenge was
I massive. Isthereamodel thatcanencom-
pass all aspects? Do we have the data with
which to make arelevantanalysis? All the focus at
presentison 2050, but planning should be looking
further ahead, perhaps with the aim of extracting
carbon from the atmosphere and going beyond
net zero to try to reverse some of the changes. It
was also noted that the challenge is global. Itisnot
enough for the UK to decarbonise: it only matters
if the whole world is able to decarbonise.

It was pointed out that a systems approach is
designed to accommodate complexity, whether in
the national arena or the international sphere.
Coordinating innovation atan international level
isabsolutely essential in this regard.

Different countries will have different priori-
ties. For a developing country, producing cheap
energy is a central part of any growth strategy — it
was after all afundamental feature of the UK suc-
cess story. The decarbonisation process has to
proceed in a way that is not going to hurt their
growth but rather improve overall outcomes. A
systems approach is the right way to show that a
smooth transition is possible.

Many organisationsare pursuing their own net
zero strategies. While this may be commendable

initself, it could hinder a whole system approach.
Individual behaviour, inaddition, does not neces-
sarily fit with a macro model of energy supply.

Achieving net zero needs long term commit-
ment, far beyond the normal political cycle. And
itis not a matter of political will and foresight. It
also concerns the day-to-day lives of ordinary
people: issues like the political acceptability of
changing everyone’s boiler, changing domestic
heating systems and perhaps changing personal
transport arrangements. How do we take politi-
cians, and the people who vote for the politicians,
with us in this process?

There hasto beaclear vision, one that the people
understand and to which they are committed. The
10 Point Plan points out to industry, to designers
and to investors where the priorities currently are.
Itdoes notaddress the public about their behaviours
and what they need to change, though. Overall
demand can be reduced if this were to happen.

In a systems context, net zero carbon dioxide
does not cover methane or nitrous oxide emis-
sions, for example. Simply achieving net zero
risks offloading emissions into non-measured
contexts. That returns to the issue of systems and
‘systems of systems’ in order to capture all the vari-
ables and avoid unintended consequences.

FURTHER INFORMATION

Net Zero: A systems perspective on the climate challenge (National Engineering Policy Centre and

Royal Academy of Engineering, May 2021).

www.raeng.org.uk/publications/reports/net-zero-a-systems-perspective-on-the-climate-chal

Net Zero: The UK’s contribution to stopping global warming (Climate Change Committee, May 2019).
www.theccc.org.uk/publication/net-zero-the-uks-contribution-to-stopping-global-warming

FST PODCASTS AND BLOGS

A Systems Approach to Net Zero - Podcast with Professor Rebecca Lunn, Professor of Civil and
Environmental Engineering at the University of Strathclyde.
www.foundation.org.uk/Podcasts/2021/Professor-Rebecca-Lunn-Systems-Approach-to-Net-Zer

A Systems Approach to Net Zero — Podcast with Professor Keith Bell, Scottish Power Professor of Smart

Grids at the University of Strathclyde.

www.foundation.org.uk/Podcasts/2021/Professor-Keith-Bell-Systems-approach-to-Net-Zero
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VACCINE PROGRAMME

CONTEXT

Covid-19 has been the greatest challenge to governments around
the world in living memory. The UK has been at the centre of
developing global vaccines against Covid. The UK’s vaccine
programme has been a key element of helping the country
emerge from Covid restrictions. The Foundation wanted to explore
how the Government has worked with the life sciences industry
and the academic community during the Covid-19 pandemic,
what lessons have been learnt, and what the implications are for
future policy, R&D, investment and collaboration going forward.

To explore these issues, the Foundation held a webinaron
19 July 2021. The speakers were: Nadhim Zahawi MP, Minister
for Covid Vaccine Deployment; Professor Dame Sarah Gilbert,
Said Professorship of Vaccinology, Jenner Institute, University of
Oxford; and Steve Bates, Chief Executive Officer, Biolndustries
Association. Avideo recording, presentation slides and speaker
audio from the event are available on the FST website:
www.foundation.org.uk/Events/2021/Lessons-from-the-
Vaccine-Programme-for-UK-Life-Sci

Working in partnership

Sarah Gilbert

|
Professor Dame Sarah
Gilbert holds the Said
Professorship of Vaccinology
and has been a part of
Oxford’s vaccine community
since 1994, as part of the
Jenner Institute within the
Nuffield Department of
Medicine. Receiving her
professorship in 2010, she
has spent the past decade
and a half working on
vaccines againstinfluenza,
MERS, Nipah and Lassa
vaccines. Sheis co-founder
of Oxford spinout company
Vaccitech. She was
appointed DBE for services
to Science and Public Health
in the Queen’s Birthday
Honours in 2021.

artnerships can achieve great things. In

P 2020, a partnership was established

between academic groups at the Universi-

ty of Oxford that already knew each other and

worked together, as well as a big pharma partner

in AstraZeneca. This is a very good model for

partnerships in the future when results are need-
ed quickly, but also at scale.

Academia can be fast and flexible. There are
many sources of expertise available in-house, net-
works of academic collaboratorsin the UK and in
other countrieswhich can be drawn upon imme-
diately. Unusually in this case, the university was
notjustinvolved in the very early development of
new ideas. Oxford hasits own Good Manufactur-
ing Practice (GMP) facility which can make vac-
cinestotake intoclinical trials. Ithasitsownclin-
ical trial centre and a great deal of experience in
developing manufacturing processes and con-
ducting clinical trials.

By 23 April 2020, the vaccine had been manu-
factured to GMP ready for clinical trials, all the
necessary approvals had been gained and the clin-
ical trials started. Oxford led Phase One, Phase
Two and Phase Three clinical studies in the UK,
Brazil and South Africa.

Taking things further
Toachieve agood transfer of ideas from academia
into pharmaceutical companies, itis necessary to
take things past the idea stage: if academic work is
transferred at a very early stage, it often moves
very slowly when it gets into a company.

This case was different because the academic
partners had taken italong way through develop-
ment, there was a scalable manufacturing pro-
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SUMMARY

Teamsin academia can work fastand flexibly
® Pharmaceutical companies can deliverscaling
up and delivery

® Thereis astrong case formore work being
carried out by academia before pharmaceutical
companies take over

® Until recently, there has been little interestin
funding the underpinning technology behind
vaccine development

® Maintaining expertteams overtime is vital for
long-term preparedness.

cess, we were generating clinical trial data, and
therefore it was much easier for a large pharma
partner to step in and take it from there.

Not every university or academic group will
have access to such facilities, particularly in other
areas of drug development. Yet the UK does have
the possibility of creating a series of hubsin GMP
manufacturing and linking these to clinical tri-
als. Thiswould allow academicsto get their early
phase work further on in the development pro-
cess; and that iswhat is needed. By collaborating
and by facilitating access into GMP manu-
facturing and then clinical trials, more value
can be generated from the vast amount of
work that is done in academic groups (which
otherwise may not move out of the university lab
and into the clinic).

So there really needs to be greater emphasis
on projects moving further along the develop-
ment pathway while still in academia. That goes
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hand in hand with creating new processes and
perhaps new approaches to clinical trials.

Of course, a university cannot carry out the
large-scale manufacture and the preparation of
global regulatory submissions that are needed to
license a vaccine which will be used across the
world. So we had to move from a hands-on,
small-scale approach to a large-scale systems and
logistics approach within AstraZeneca.

Combining the advantages of the academic
approach with those of Big Pharma was what
enabled us to move quickly in 2020. For academ-
ic groups, though, there is the challenge that
funding isbecoming more shortterm: often three
year grants, although it may take a year to apply
for them. Large teams for manufacturing and
clinical trials were really essential in 2020, but itis
increasingly difficult to maintain them in the face
of such short-term funding.

Technology funding
I have been working in outbreak pathogen vaccine
development for some time and had beentrying to
get vaccine technology development and vaccine
manufacturing enhanced many times before 2020.
Yet it was never possible to gain funding for the
technology that underpins the development of the
different vaccines that we then worked on. Fund-
ing has been available for specific vaccines against
specific diseases. Butto fund the underlying tech-
nology itself: there were no suitable calls for pro-
posals to apply for. So although we had the ideas,
we were not able to put them into practice.
Another issue involved the production of
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doses for clinical trials. They were made by four
different companies, each with a different process
and assays. This was a major difficulty for the
clinical trials, which would have run much more
quickly and smoothly had an extended and mod-
ified Clinical Biomanufacturing Facility (CBF)
and the Vaccine Manufacturing and Innovation
Centre (VMIC) already been up and running.
They were really needed then.

Finally, having a clear and shared goal achieves
agreatdeal. Grant applications are increasingly
large and complex. Yet last year, we went from
concept to 700 million vaccine doses released for
use in 172 countries in less time than some aca-
demic funding applications now take.

Our plans were constantly being developed
every day — literally! Budgets were reactive, we
did reportactual spending, but the plans changed.
Often, we did not have agreed budgets for specif-
ic funding in advance. The decisions were made
by those leading the work, not by external consul-
tants to funders who often have a large amount of
influence despite not doing the work themselves.

The UKRI rapid response scheme achieved a
good balance between information gathering and
speed. This meant that we could provide the
appropriate amount of information needed to
release funding to move the programme forward.

In conclusion, establishing and maintaining
expert teams in academia should be prioritised
over the award of small, short-term grants which
make team-building very difficult.
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The Oxford
AstraZeneca
Covid-19 vaccine
was the result

of a successful
partnership
between academia
and industry.
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Lessons to create a better future

Nadhim Zahawi

Nadhim Zahawiwas
appointed Secretary of
State forEducationon 15
September2021. He was
previously Parliamentary
Under Secretary of State
atthe Departmentfor
Business, Energy and
Industrial Strategy (BEIS)
and Ministerfor COVID
Vaccines Deploymentat
the Department of Health
and Social Care. Before
thathe was Parliamentary
Under Secretary of State
atthe Department for
Education. He was elected
as Conservative MP for
Stratford-on-Avon in May
2010.

The pandemic has been probably the big-
gest threat this country has faced in peace-
time. It is the most infectious, aero-
sol-transmitted, respiratory disease that humanity
has experienced. The Government worked at
pace, formed a plan and brought people in to
implement itand to ensure the response was led by
science each step of the way.

The development and deployment of vaccines
has clearly been amajor successstory. The chanc-
es of finding a successful, effective vaccine were
pretty low at the start. Thanks, though, to the bril-
liance of everyone involved, we have done so.
That would not have been possible without the
Vaccine Taskforce which integrated the efforts of
Government, industry and academia behind a
single mission to find safe and effective vaccines
as quickly as possible.

We had the clinicians with the genius to devel-
opavaccine, with NIHR supporting clinical trials.
MHRA provided regulatory approval, and then
there were the manufacturing facilities that pro-
duced the vaccines at scale and pace. The NHS, of
course, has been absolutely key to administering
the many millions of vaccinations across the UK.

Outstanding collaboration

The Vaccine Taskforce was not the only example
of outstanding collaboration between academia
and industry, the Government and NHS, collab-
oration that turned the dial on tackling the pan-
demic. The recovery trials also used the brilliant
work of academics, the NHS, the regulators and
of course, the patients, to identify new approach-
es to treating COVID by establishing large trials
at pace. The discoveries from the trials have now
been adopted globally.

The Government has now published its Life
Sciences Vision. The core ambition and vision is
to take the lessons of the pandemic and apply them
to other less evident but also devastating diseases
and illnesses that impact our lives. It is a bold
vision, created with industry and academia, set-
ting out a 10-year strategy. It will build on that
collaborative relationship seen during the pan-
demic. The underlying foundation is, of course,
the excellence of the UK science base and the scale
and potential of the NHS.

The Vision sets out how the UK will set targets
for the entire life sciences ecosystem, building on
our deep academic and industrial expertise to
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SUMMARY

® The developmentand deployment of vaccines
hasbeen a UK success story

® The Vaccine Taskforce brought togetherthe key
playersto ensure development at pace and at
scale

® The Life Sciences Vision will take the lessons the
UK has learned from the pandemic and apply
them forthe future

® The NHS will make research and innovation
fundamental to everything it does

® Bringingtogetherall parts of the sectorwill
create an environment for UK life sciences
to flourish.

develop and trial new medicines and technolo-
gies quicker than anywhere else in the world.

The NHS will make research and innovation
fundamental to everything it does, driving
improvements in care quality, efficiency, and of
course, staff happiness and satisfaction. Thiswill
ensure that patients in the UK are among the first
in the world to benefit from new medicines and
technologies.

We also want to establish the best business
environment in the world for companies to grow,
toinnovate and to take advantage of the regulatory
freedoms created by leaving the European Union.
The Vision identifies key healthcare challenges
where we can harness the collaboration and cre-
ativity that was fundamental to our COVID
response so that we can save and improve more
lives. We will emulate the approach of the Vac-
cines Taskforce to develop genuine breakthrough
medicines and technologies that improve out-
comes and patients’ lives.

The sector deals bring together industry and
Governmenttoaddress the skillschallenge. There
isalso a real role for Government here in looking
across the whole life sciences ecosystem — and
beyond—in order to identify the skills needs of the
sector and determine how to deliver those skilled
individuals the country needs going forwards.
The same urgency that was demonstrated in the
response to COVID is needed to deliver the skill
sets required in the coming years.

Modern vaccine technology has the potential
to prevent and treat a range of non-infectious
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diseases. So continuing to advance UK capability
and capacity can have wide health benefits as well
as support the G7 ambition to have vaccines
developed and deployed within 100 days of a
future pandemic. To do this, the UK will contin-
ue to improve core immunology, vaccinology,
clinical trial design and infrastructure, it will
deepen experience and expertise in vaccine for-
mulation and delivery, and strengthen and main-
tain the Government/industry partnership.
While there is still a great deal to do to lift the

VACCINE PROGRAMME

world out of the COVID pandemic and transition
from pandemic to endemic status, there is an
opportunity to reflect on what has been learned
and howtodo better in the future. Itisnecessaryto
seize the moment to capture these lessons through
the Life Sciences Vision. It is vital that industry,
academia, the charitable sector, regulators, the
NHS and Government continue to work together
at pace and at scale to improve and save lives.
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Thereis an
opportunity to
reflect on what has
been learned and
how to do betterin
the future.

Scaling up and delivering at pace

Steve Bates

SUMMARY

® Therole ofindustry in being able to scale up
vaccine production was crucial to the
programme

® Pacewasalso a key factorin the programme’s
success

® Many businesses operated atriskin orderto
deliverthe required outcome

® |tisimportantto maintain a diversity of industrial
players that can deliver globally

® The networks of experts and the research institutes
playavital role in meeting these challenges.

s head of the UK Biolndustry Associa-
Ation (BIA), one of the tasks I carried out

inthe project to develop a vaccine against
the Covid virus was take some of the requests
from the Oxford team, including the need for
more funding, to Government and make the case
on their behalf. | was explaining that these
requests represented vital steps, although involv-
ing relatively small amounts of money in the
grand scheme of work. | was able to help put
together aconsortium of BIA member companies
who stepped up to support the Oxford team in the
manufacture of the Oxford AstraZeneca vaccine
asitbecame known.

Three valuable lessons come from this period
of time. First, although being able to inventamaz-
ing things is, of course, essential, being able to
scale them and develop the necessary industrial
capability is also vital. Manufacturing is at the
heart of the UK life sciences sector.

Second, pace was absolutely crucial for achiev-
ing the required outcome, and some of the lessons
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learned were concerned with how to do things
very fast. It was also important to operate at risk,
before all the paperwork was signed off. Many
people across many parts of the vaccine pro-
gramme were routinely working at risk through
the development period.

Asamember of the Steering Board of the Vac-
cine Taskforce I had insight into many elements
of the programme, some of which will have a
long-term legacy. One is that there is now a capa-
bility to develop, at pace and scale, vaccines
against normal pathogens. The sector has also
organised clinical trial networks, including recov-
ery trials, that enable us to gather data (again at
pace) that is meaningful across the globe.

There has been some significantinnovationin
this country on the functional use of genomic
data to understand a novel disease. The Oxford
team had the genomic information to be able to
design the vaccine; getting information about
genomics into the discovery arena is one of the
important learnings from this period.

The UK has been vaccinated largely by the
Oxford AstraZeneca vaccine. Yet other vaccines
have done some of the heavy lifting, such as Pfizer
BioNTech. Some years ago, Pfizer endeavoured
to buy AstraZeneca: if that merger had succeeded,
would both of these different vaccines have been
developed to industrial scale? Itisaserious ques-
tion, but | doubt there isa simple answer.

It does raise the issue about the number of
industrial players and what can be done to keep a
diversity of globally-relevant companies in areas
of significant health need. The same discussions
are being raised over anti-microbial resistance
(AMR). Industrial diversity at global scale is
clearly important.

There are other factors that underpin the suc-
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Biolndustry Association
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cess of the vaccine development programme. We
have long term institutionswith aresearch focusin
this area. The Jenner Institute has been vital.
Although a fairly recent creation in its present
form, its focus has been very important for vaccine
development. The Sanger Institute and itswork on
genomics, again, is a relatively recent establish-
ment. This, too, has made a real difference.

A decade of investment under Dame Sally
Davies and the National Institute for Health
Research (NIHR), which underpinned the work
on recoverytrialand error clinical trial capability,

means that there have been longer term invest-
ments with a focus on fundamental areas that we
are now able to build on.

Another lesson is the role of experts who have
worked together before: the trust relationships
across the UK life science ecosystem. The Vaccine
Manufacturing Innovation Centre (VMIC) had
notbeen built. Having diversity in the sector with
companies stepping forward and taking risks was
so important.
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e debate

Afterthe presentations, the speakers joined the chair for a panel session to answer questions posed by
the audience. Topics included: attracting people with the right skills; industry-based science; zoonotic

diseases; and the international nature of drug development.

The UK must make sure it trains the right
teams of people with the right skills. Itwas
able to draw on that for the Covid pan-
demic but more people will be needed in vaccine
manufacturing. This can get overlooked giventhe
focus on clinical trials. The country must build
that skills base.

It was suggested that more private sector
investment could be brought into this field and
that it was not just a matter for Government to
provide all the support.

There is a great deal of expertise outside aca-
demicsettings. There isagreat deal of cutting-edge
science, particularly in bio processing, that is
based in companies. Itis possible to have an excel-
lent scientific career without remaining in an aca-
demic setting. And one of the lessons from this
episode is the collaboration between academiaand
industry, getting together to find a solution.

FURTHER INFORMATION

Life Sciences Vision (HM Government, July 2021)
www.gov.uk/government/publications/life-sciences-vision

UK Vaccine Task Force: Membership and Objectives of the Steering Group
www.gov.uk/government/publications/the-vaccine-taskforce-objectives-
and-membership-of-steering-group/ vtf-objectives-and-membership-of-the-
steering-group

UK Vaccine Taskforce 2020 Achievements and Future Strategy (December 2020)

https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/ 1027646/ vtf-interim-report.pdf
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Small companies often have a good core team
but do not have the access to facilities to develop
further. Here, the interactions between academia
and the manufacturing groups can be beneficial.

Should it be easier for scientists, particularly
clinical scientists, to move between industry and
academia and the Health Service seamlessly? In
that way, people can develop their skills and then
deliver across these different domains at different
stages in their careers.

How can we prepare better for the next zoonot-
ic pandemic, as this concerns both human and ani-
mal health? There are many zoonotic infections.
Butthere is notthe available money to develop vac-
cines for livestock. It would be possible to use the
same platform technology in humans and in live-
stock. The manufacturing process must be highly
purified for clinical use, but it could be aslightly less
pure, and therefore cheaper, process for livestock
applications. However, there are currently no
schemes that allow the code development of
human and veterinary vaccines, although it would
make a great deal of sense to be ableto do it.

The vaccine development depended on the
engagement of multi-national networks. Industry
isglobal in nature and supply chains are definitely
international. There is, for example, a European
supply community that has been built up over the
past 40 years. For the future of UK programmes,
we have to inspire the best people to come here
fromaround the world. Those peopleare likely to
come from the global south as much as from
Europe over the coming years. The reality is that
we live in a global marketplace and knowledge
transcends national boundaries.
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VIEWPOINT

This year marks the 10th anniversary of the launch of the first Raspberry Pi computer. The latest version is
now opening up new opportunities for research and study on the International Space Station.

Raspberry PI, space and the Al
skills challenge

David Cleevely

little after 10 am GMT on Tuesday 21
ADecember 2021, a SpaceX Falcon 9 rock-

etblasted off from Launch Complex 39A
at the Kennedy Space Center in Florida, carrying
aDragon 2 spacecraft en route to the Internation-
al Space Station.

Thiswas an unmanned mission carrying sup-
plies to support life in space and equipment to
undertake scientific research. Itisworth remem-
bering that the most expensive object that
humans have built — the ISS — is essentially a
science laboratory in orbit. This flight was trans-
porting materials for a study of the delivery of
cancer drugs; a bioprinter for experiments inves-
tigating wound healing; materials for a study of
how detergents work in microgravity; and Christ-
mas presents for the astronauts.

Every mission to the Space Station is remark-
able, but this one was extraordinary because it was
also carrying two specially adapted Raspberry Pi
computers. I believe sending such computersinto
space will help us address the Al skills challenge.

The Raspberry Pi phenomenon

Thisyear marksthe 10th anniversary of the launch
of the first Raspberry Pi, a low-cost, credit-card
sized, programmable computer, invented in
response to the problem that too many young peo-
ple grow up without learning how to create with
computers and digital technologies.

The project started with the relatively modest
ambition of inspiring a few thousand young peo-
ple to study computer science and engineering by
providing a programmable computer for the cost
of a textbook — $35. The founders were inspired
by the excitement they saw in the first wave of the
personal computing revolution in the 1980s,
when several lines of code had to be written in
order to getacomputer to do anything. For many,
that early experience of programming led to a
career in computing, solving problems, and
founding companies that have changed the world.

That is what the inventors of the Raspberry Pi
wanted to recreate and, crucially, at a cost that
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would make computer science accessible to
young people for whom the price of technology
was a real barrier to learning.

Over the past decade, it has grown into aglob-
al phenomenon. Over 45 million Raspberry Pi
computers have been sold (the vast majority
manufactured in South Wales) making Raspberry
Pi Ltd the UK’s most successful computer com-
pany by volume.

Millions of young people all over the world
have used Raspberry Pi computers to get started
on computing, while the number of students
choosing to study computer science has never
been higher. Admissions tutors report that stu-
dents often talk about being inspired by getting
hands-on with a Raspberry Pi.

In addition, the latest generation are fully
fledged desktop PCs capable of streaming ultra-
HD video and runningall but the most demanding
software, providing an affordable solution to the
digital divide that was so starkly highlighted when
schools were closed at the start of the pandemic.

What started as an educational project is now
also seeing an impact in industry, with over half
of the Raspberry Picomputers sold going into the
hands of engineers and entrepreneurs who are
using them across an extensive range of industri-
al and commercial applications. Raspberry Pi
computers are automating factories, being
arranged into clusters to mimic supercomputers
for training purposes as well as being increasing-
ly found embedded in consumer devices.

The educational mission
The Raspberry Pi Foundation has an educational
mission: to empower young people to realise
their potential through the power of computing
and digital technologies. Low-cost computersare
an important part of how the Foundation
addresses that mission and that part of the busi-
ness is delivered through its commercial subsid-
iary, Raspberry Pi Ltd.

The Foundation has also evolved into one of
the world's leading education non-profit organi-
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What startedasan
educational project
isnow also seeing an
impactinindustry,
with over half of the
Raspberry Pi
computerssold
going into the hands
of engineers and
entrepreneurs.
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One thing we know
about motivation for
learning is that
context matters.
Young people are
more engaged in
learning about
computer science
whenthey canseeits
relevance to their
own lives.

sations in its own right, creating learning experi-
ences and products that have already helped mil-
lions of young people all over the world learn new
skills and knowledge.

The Foundation supports schools to teach
computing and computer science through curric-
ula, resources, platforms, and teacher training. In
England, it is part of the consortium running the
National Centre for Computing Education on
behalf of the Department for Education, support-
ing every primary and secondary school to intro-
duce computing, including training tens of thou-
sands of teachers each year. Globally, over aquar-
ter of a million educators have used the Founda-
tion’s free online courses to learn more about
computing and how to teach it.

Millions of young people are also supported by
the Foundation to learn how to create with digital
technologies outside the classroom: through free
online resources and apps, the world’s largest net-
works of coding clubs, and partnershipswith youth
and community organisations in more than 40
countries. All of this is underpinned by a signifi-
cant investment in rigorous research, including
through the Raspberry Pi Computing Education
Research Centre at the University of Cambridge.

The Al skills challenge

While there are lots of positive signs that the work
of the Raspberry Pi Foundation — alongside
many other organisations committed to improv-
ing computing education — is having an impact,
the pace of technological innovation is accelerat-
ing all the time, and education and skills policy
desperately needs to keep up.

One of the most significant trends is the explo-
sion of interest in artificial intelligence, including
machine learning, robotics, computer vision, and
natural language processing, driven by the need to
gather, store and process colossal amounts of data.

As Stuart Russell argued in his 2021 Reith Lec-
tures?, increasingly powerful Al has the potential
to bring about the most profound change in
human history and is already transforming every
aspect of our lives.

Itis vital to ensure that young people —what-
ever their backgrounds — are equipped with the
skills to thrive in an unknown technological
future. ArecentRoyal Society report on machine
learning recommended that schools should
ensure that key concepts in machine learning are
taught to those who will be users, developers, and
citizens. The UK Government’s National Al
Strategy includes a strong commitment to univer-
sal Al education for young people.

In 2021, the Raspberry Pi Foundation part-
nered with The Alan Turing Institute, the UK’s
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national institute for data science and artificial
intelligence, to run a series of research seminars
with the world’s leading academics and thinkers
on Al skills, learning from pioneering practice
across the globe to define the key conceptsin Al
and determine how they can best be taught.

This is an emerging field, but it's already clear
that we urgently need more investment in research
and experimentation to understand what works,
followed by a sustained national effort to support
schools, teachers, and young people.

Astro Pi: your code in space
How does all of this relate to Raspberry Pi com-
puters on board the International Space Station?

This is the Astro Pi Challenge, a collaboration
between the European Space Agency and the
Raspberry Pi Foundation that started in Decem-
ber 2015 when British ESA astronaut Tim Peake
first took Raspberry Pi computers to the ISS as
part of the Principia mission.

Since then, 54,000 young people from 26
countries have written code and experiments that
have run on these specially augmented Raspberry
Pi computers, which included sensors and cam-
eras that collected environmental data and imag-
es of life in space and on earth.

We are now seeing growing interest from
young people in the potential of Al, machine
learning, and image recognition to help them
understand challenges like the climate crisis,
deforestation, and pollution.

The new Astro Pi units that were sent to the ISS
on 21 December 2021 represent a significant
upgrade, with something like 40 times the pro-
cessing power, a new high quality camera and a
Google Coral machine learning accelerator.
These upgrades open up the possibility for young
people to gather more datafrom the onboard sen-
sors, including sharper and full-colour images of
earth, with the potential to develop machine
learning models that allow high-speed, real-time,
on-device processing.

One thing we know about motivation for learn-
ing isthat context matters. Young people are more
engaged in learning about computer science when
they canseeits relevance to their own lives. Putting
Raspberry Pi computers in space creates the
opportunity for young people to experiment with
machine learning and Al in order to better under-
stand problems like the climate crisis. | cannot wait
to see what they make of the opportunities.
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