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Foreword by Ministerial Group

Nanotechnologies may seem like something from science-fiction, but they are already a
science-reality and are being used to revolutionise products we buy, the ways in which they are
manufactured and our approaches to addressing global challenges. The UK is in an excellent
position to be at the forefront of nanotechnologies development, and we must maintain
momentum and keep pace with the biggest players on the international stage.

The UK's manufacturing base is a cornerstone of our continued and sustainable economic
recovery. Nanotechnologies have the potential to drive innovative and competitive industry
because they can enable advancement in so many key manufacturing sectors such as automotive,
aerospace, construction and biosciences.

There is a role for Government to support and facilitate these developments so that both the
UK economy and its consumers can benefit fully from nanotechnologies. This means not only
working to create a cohesive and flourishing industry, but also acknowledging and addressing
the implications for health, safety and the environment so that we can all use products containing
nanotechnologies with confidence.

Doing so requires a co-ordinated and joined-up approach across Government Departments.
It is for this reason that the Ministerial Group on Nanotechnologies was formed, and we will
continue to oversee efforts to develop the nanotechnologies industry while protecting the
health of consumers and employees and avoiding damage to the environment. We will engage
with the public to make sure they are informed and confident about nanotechnologies and the
products which contain nanomaterials.
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The actions detailed in this Strategy will have effects in the short-term, and we will continue to
build upon them until the benefits of nanotechnologies are fully embedded in our society. The
landscape for nanotechnologies is likely to change dramatically in the future as we understand
more about them and integrate them into our everyday lives. Government’s approach will need
to adapt to these changes. We will continue to work with industry, academia, non-Governmental
organisations, non-Departmental public bodies and other interested parties to ensure that our
policies evolve in step with new developments. This Strategy lays the foundations to enable the
UK to make the very most from these exciting and promising technologies.

Lord Drayson Dan Norris
Minister for Science and Innovation Minister for Rural Affairs and Environment
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@‘. w Molewt
Gillian Merron Lord McKenzie

Minister of State for Public Health Parliamentary Under Secretary (Lords)
Department for Work and Pensions




Executive Summary

Government announced its intention to
develop a UK Strategy for nanotechnologies in
its 2009 response to the Royal Commission on
Environmental Pollution’s report, Novel materials
in the Environment: The case of Nanotechnology.
This Strategy has been informed by the views
of those involved with nanotechnologies from a
wide range of interested parties across academia,
industry and non-Governmental organisations.

With the launch of the UK Nanotechnologies

Strategy, UK Nanotechnologies Strateqy: Small

Technologies, Great Opportunities, Government

is confirming its commitment to the successful and

safe development of these technologies. \We believe

that nanotechnologies have the potential to:

e Deliver improvements for consumers in the UK;

e Help to sustain continued recovery and growth
in the UK manufacturing industry;

e Contribute to our effort to tackle global
challenges.

Our vision:

The UK'’s economy and consumers will benefit
from the development of nanotechnologies
through Government’s support of innovation
and promotion of the use of these emerging
and enabling technologies in a safe, responsible
and sustainable way reflecting the needs of
the public, industry and academia.

In order to achieve this goal, Government has
identified a number of actions, which are outlined
in this document under four categories:

e Business, Industry and Innovation

e Environmental, Health and Safety (EHS) Research
e Regulation

e The Wider World

Each section has its own strategic aim. These aims
are interdependent and together they help to
deliver our vision.

Business, Industry and Innovation
Aim:
Transparent, integrated, responsible and skilled

nanotechnologies industry with good links to,
and support from Government.

Summary of Actions:

e A Nanotechnologies Leadership Group will be
established to provide strategic leadership for
the nanotechnologies industry and to work to
address the barriers to growth which affect
businesses in this area. The Group will be
chaired by a BIS Minister.

e Companies and academics will be encouraged
to apply for funding through Grand Challenge
calls from the Technology Strategy Board (TSB)
and Research Councils to support the
development of innovative applications for
nanotechnologies.

e Awareness of the UK nanotechnologies capability
will be promoted nationally and internationally
and provision made for improvements in the
underpinning skills capacity required.

Environmental,
Research

Aim:
Better understanding of the risks associated with

the use of, and exposure to, nanomaterials, and
enough people with the right skills to assess them.

Health and Safety
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Summary of Actions:

e Approaches to Government EHS research
on nanotechnologies will be explored by the
Chief Scientific Adviser network, with the aim
of improving co-ordination. A meeting will be
chaired by the Government Chief Scientific
Adviser, John Beddington.

e There will be an ongoing portfolio of
Government and publically funded research into
a wide range of crucial EHS nanotechnologies
issues including the behaviour of key
nanomaterials in the gut when eaten and when
inhaled into the lungs.

e Contributions will be made to international work
programmes on nanotechnologies including
the Organisation for Economic Co-operation
and Development's (OECD) Nanotechnology
Working Parties and the EU’s Framework
Programme. The UK will work to influence the
future scope of these projects.

Regulation

Aim:

Better informed policies and requlations relating
to nanomaterials and nanotechnologies.

Summary of Actions:

e Government will expand the scope of its work
on a scheme to succeed the pilot voluntary
reporting scheme to include products as well
as materials. A working group comprising
officials from the Department for Business,
Innovation and Skills (BIS), the Department for
Environment, Food and Rural Affairs (Defra),
the Department of Health (DH), the Food
Standards Agency (FSA) and the Health and
Safety Executive (HSE) will be tasked to develop
a proposal.

e Government will monitor the success of
implementation of upcoming amendments
to novel foods and cosmetics directives with
respect to nanomaterials and will influence
changes made to the Registration, Evaluation,
Authorisation and Restriction of Chemicals
Regulation (REACH) in order to ensure they are
robustly covered.

e Horizon scanning and monitoring  will
be performed by the Medicines and
Healthcare Products Regulatory Agency

(MHRA), FSA and HSE to detect necessity
for ~ amendments to  legislation  in
the future.

The Wider World
Aim:
Well-informed public and stakeholders and a

leading position on nanotechnologies for the UK
on the world stage.

Summary of Actions:

e The Nanotechnologies Collaboration Group
will be established to facilitate ongoing
communication and collaboration between
Government, academia, industry and other
interested parties, including consumer groups.

e Information about Government’s ongoing
actions on nanotechnologies will be made
accessible to the public on a portal website.



1. Introduction

1. There are many exciting emerging technologies
in development today which have the potential
to change the everyday lives of people across
the globe. Nanotechnologies are an important
set of new technologies at a very early stage in
their development. Scientists and engineers are
increasingly able to create new tools and improve
the knowledge base necessary to manipulate the
properties of nanomaterials, for example their
strength or the speed at which they conduct
electricity.

BOX 1: What are nanotechnologies?

A nanometre is one-billionth of a metre,
or around 80,000 times smaller than the
diameter of a human hair.

Nanoparticles exist in nature. For example,
milk contains nanoscale droplets of fat and
every cell in your body relies on nanosized
protein complexes to function.

One definition of a nanomaterial is a
material with at least one dimension in the

nanoscale (between 1-100nm). They can be
particulate in nature, for example nano
titanium dioxide, fibre-like, for example
carbon nanotubes or sheet-like, for example
graphene. Nanomaterials can also be defined
in terms of their functionality, as opposed to
relying strictly on their size alone.

Nanotechnologies can be thought of as
any technology which either incorporates or
employs nanomaterials or involves processes
performed at the nanoscale.

2. Nanotechnologies are important to the future
of the UK because of their potential to improve
many types of consumer products, for example:

e Medicine delivery systems which use
nanomaterials to enable targeted and time-
controlled release of drugs;

e More compact and powerful computer
systems, mobile phones and wiring systems
incorporating carbon nanotubes;

e Coatings for car components which confer
resistance to erosion and other damage;

e Antimicrobial dressings.

3. Nanotechnologies could also help us address
universal challenges such as global warming and
food sustainability, for example:

e Solar cells with enhanced efficiency due to a
nanocoating which is far more sensitive to low
light levels than previously used materials;

e Fuel additives which allow decreased fuel
consumption in diesel engines;

e Water purification systems with increased
efficiency and efficacy;

e Improved air purification membranes which
can transform vapours escaping from cars or
industrial plants into harmless gasses.

4. The worldwide transition towards the greater
use of nanotechnologies is a significant economic
opportunity for the UK. The global market in
nano-enabled products is expected to grow from
$2.3 billion in 2007 to $81 billion by 2015
To fully meet this opportunity, the UK will need
to build upon its existing commercial strengths in
nanotechnologies, which include:

e The third highest number of nanotechnologies
companies in the world;

1 Nanomaterials and Markets 2008-2015, Nanopost, quoted in Nanoscale Technologies
Strategy 2009-12, Technology Strategy Board, September 2009
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e Strengths in nano-optics and nanoscale materials;

e The fourth largest number of nanotechnologies
patents applied for globally;

¢ Aleadingrolein the development of international
nanotechnologies standards through the British
Standards Institution (BSI).

5. Novel materials often raise questions around the
ways in which they interact with humans, animals
and the environment, their safety and the level of
caution that should be exercised when they are
placed on the market in products. While there
is currently no evidence that any nano-enabled
products cause harm to humans, animals or the
environment, in the case of nanotechnologies,
the position is complicated by the potential
number of nanomaterials in circulation, which
may each have different properties, uses and
exposure pathways.

6. At present, it is thought that the greatest level
of risk may be posed by nanomaterials which
are in the form of free particles, such as in a
powder or liquid. When fixed into a structure,
for example in a solid material like a plastic or
in a coating, it is far less likely that nanoparticles
could be absorbed into the body or enter into the
environment. However, it is not yet clear whether
fixed nanoparticles will remain so when the item
they are incorporated into is disposed of. There
is a possibility that they could leach into the
environment, and, if so, uncertainties remain over
the level of risk they would pose. For this reason
that there is a need for research into how both
free and fixed nanomaterials behave throughout
the whole life of the products in which they
are used.

Past and Present

7. There have been a number of reports over
the past six years that have looked at the
benefits offered and potential risks posed by
nanotechnologies, including the joint Royal Society
and Royal Academy of Engineering (RS/RAENg)
report?, the Council for Science and Technology
(CST) review of Government progress® and the
Royal Commission on Environmental Pollution
(RCEP) report*. Most recently, the House of Lords
have conducted an inquiry into Nanotechnologies
and Food® which reported earlier this year. Links
to these reports and Government'’s responses to
them can be found in Appendix D.

8. Government acknowledges the potential
benefits of nanotechnologies and has been
working to promote their safe use in a number
of ways following the advice of RS/RAENg in
2004, for example:

e A cross-Government approach has been taken:
— The Ministerial Group on Nanotechnologies
(chaired by the Science and Innovation
Minister, Lord Drayson) was established to
provide strategic oversight and leadership;

— The Nanotechnology  Research  Co-
ordination Group (NRCG) was formed to
bring together Government Departments,
Agencies, Research Councils and Devolved
Administrations to set the priorities for the
UK's research programme;

— The Nanotechnology Issues Dialogue Group
(NIDG) was formed to bring together
Government Departments, Agencies and
Devolved  Administrations to  ensure
co-ordinated policy development;

2 Nanoscience and nanotechnologies: opportunities and uncertainties (2004)

3 Nanoscience and Nanotechnologies: A Review of Government's Progress on its Policy
Commitments (2007)

4 Novel Materials in the Environment: The case of nanotechnology (2008)

5  House of Lords Science and Technology Committee — 1st Report of
2009-10 Nanotechnologies and Food (2010)



e Stakeholders have been engaged;

— The Nanotechnology Stakeholder Forum
(NSF) was formed to engage more widely
with stakeholders to influence and discuss
development of Government policy;

e Arange of international and domestic activities
have been carried out by Departments,
Research Councils and Agencies to improve
the environmental, health and safety (EHS)
knowledge base, create appropriate regulation
and support industry.

9. In 2009, Government announced its intention
to develop a UK Nanotechnologies Strategy to
consolidate activities across all Departments and
Agencies®. In order to inform the Strategy, an
evidence gathering exercise was carried out to
seek the views of interested stakeholders
including academics, consumer groups and
industry representatives. A full summary of
responses has been published on the
Department for Business, Innovation and Skills
(BIS) website’” and the following headline issues
were noted:

e Recognition that nanotechnologies have the
potential to have positive impacts on a wide
range of manufacturing and consumer
industries including those which are pivotal to
the economy, such as the automotive industry
and those which underpin wider societal
challenges, such as the alternative energy
industry;

e Concern over the level of Government funding
of research into the EHS risks of manufactured
nanomaterials and strategic co-ordination of
research efforts:

6  Government Response to the Royal Commission on Environmental Pollution (2009)
7 Nanotechnologies: influence and inform the UK Strategy http:/interactive.bis.gov.uk/nano/

e Demand for consolidated sources of

information for;

— the public — detailing Government activity
on nanotechnologies;

— industry — detailing regulatory/reporting/

risk assessment requirements.

10. In addition, a project commissioned by BIS
and conducted by several Knowledge Transfer
Networks (KTNs) and Materials UK invited a wide
range of key industry figures to participate in a
mini-Innovation and Growth Team (mini-IGT) to
feed into the Government exercise. Companies
such as Johnson Matthey, Rolls Royce, Marks &
Spencer, Pfizer, Unilever and Oxonica participated
in the project. The resulting report® included
recommendations for Government to consider
when developing the UK Nanotechnologies
Strategy.

11. Responses to the evidence gathering exercise,
as well as the mini-IGT report have been key
inputs to the development of this Strategy.

A UK Nanotechnologies Strategy

12. Government recognises its role in optimising
the UK's position to benefit from the development
of nanotechnologies. In order to achieve this,
Government must act in the following areas and
these will form the basis of this Strategy:

e Business, Innovation and Industry;

e Environmental, Health and Safety Research;
e Regulation;

e The Wider World.

8  Nanotechnology: a UK Industry View can be downloaded from www.nanoktn.com
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13. Above all, it is Government’s role to
protect health and the environment during the
development and use of nanotechnologies. This
Strategy represents an important step in this
oNngoing process.

14. This document presents Government’s
overall strategy for the responsible development
of nanotechnologies, and reflects Strategies
produced independently by several public bodies,
for example the Technology Strategy Board® (TSB)
and Research Councils UK (RCUK)™. It highlights
the actions that Government and others will
be taking to ensure that the UK maximises
the economic and social benefits from these
technologies in a safe, responsible and sustainable
way taking into account the views of industry,
academia and the general public. The overarching
aim of the Strategy is detailed in Box 2.

BOX 2: Aim of the UK
Nanotechnologies Strategy: Small
Technologies, Great Opportunities

The UK'’s economy and consumers will benefit
from the development of nanotechnologies

through Government'’s support of innovation
and promotion of the use of these emerging
and enabling technologies in a safe, responsible
and sustainable way reflecting the needs of
the public, industry and academia.

15. The outcomes of the actions in each chapter
do not stand alone. In fact, they are each
strengthened by the outcome of actions in the
other chapters, as illustrated in Figure 1 (overleaf).

9 Nanoscale Technologies Strategy 2009-2012
10 Nanoscience through Engineering to Application

For example, EHS research provides a good
knowledge base, which is essential to inform
appropriate regulation, which in turn is necessary
for the public to feel reassured that products on
the market are safe for them to buy.

16. The interdependence of the different action
areas and outcomes in the Strategy clearly
demonstrates the importance of an overarching
and consolidated approach to co-ordinating
Government activities in this area. The work spans
several Government Departments and Agencies,
as well as involving the input of many external
stakeholders. An outline of organisations involved
in the management of nanotechnologies, as well
as the groups which facilitate their interaction is
available at Appendix B. This Strategy delivers a
clear message about how Government will bring
together activities in this area to ensure that the
very most can be made from these exciting and
promising technologies.

BOX 3: What are nanotechnologies
used for?

Nanotechnologies are beginning to be
thought of as essential, underpinning tools
across science and industry. They are being
used by many organisations for very different

purposes and the skillsand expertise necessary
vary greatly. For example, a biologist may be
using a nanomaterial in their work producing
life changing medicines, while a builder
incorporates a self cleaning window, coated
with a nanomaterial, into a new house.



Figure 1

Environmental
Health and
Safety Research

Better understanding of
the risks associated with
the use of and exposure to
nanomaterials and enough
people with the right skills
to assess them

ACTIONS

THE STRATEGIC AIM
The UK'’s economy and
consumers will benefit

from the development of
nanotechnologies through
Government'’s support of

Transparent, integrated,
responsible and skilled
nanotechnologies industry
and businesses with good
links to, and support from
Government

Business,
Industry and
Innovation

innovation and promotion of
the use of these emerging and
enabling technologies in a safe,

responsible and sustainable
way reflecting the needs of the
public, industry and academia.
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Regulation

Better informed policies
and regulations relating
to nanomaterials and
nanotechnologies

Well-informed public
and stakeholders and
a leading position on
nanotechnologies for the
UK on the world stage

The Wider
World
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2. Business, Industry and Innovation

17. There are currently market applications of
nanotechnologies available for purchase or at the
research and development stage across a wide
range of sectors, including; coatings, particles,
porous structures, composites, medicines and
diagnostics, toname afew. However, as companies
move speedily to develop new and more advanced
products involving nanotechnologies, they are
becoming increasingly aware of the challenges
which must be addressed. These include:

e The fragmentation of the industry;

e A need for greater collaborative research and
new skills;

e A need for industry to engage with the public
in order to raise awareness of the benefits
of nanotechnologies-based products, and to
counter any negative perceptions or concerns;

e Regulatory burdens.

18. It is against this backdrop that BIS
commissioned a mini-IGT to prepare a report'’
on nanotechnologies on behalf of UK industry.

19. This chapter looks at some of the issues
raised by industry in the mini-IGT report, and the
opportunities and barriers identified. The actions
which Government will take to enable industry to
develop nanotechnologies to their full potential
are set out. These will allow the innovative use
of nanotechnologies and nanomaterials, with
appropriate support made available to help
businesses exploit good ideas and create new
products, benefiting consumers, industry and the
wider economy alike.

11 Nanotechnology: a UK Industry View — http://www.matuk.co.uk/docs/Nano_report.pdf

The Global Market: Opportunities for
Growth

20. There are currently around 800 nanotechnologies
products or product lines on the market globally;
this has increased from approximately 210 in 2006.
However, there is a wide variation in estimates for
the size of the global nanotechnologies market,
and predictions of its future size. Despite the
variations in forecasts, very rapid growth in the
global market for nanotechnologies-enabled
products is predicted across the board. Even the
more conservative forecasts predict that the total
global revenue for nanotechnologies will grow
from around $2bn in 2007 to $81bn in 2015™.
These figures are broken down in Figure 1
overleaf.

The UK Market

21. The UK is ranked third in the world, after the
US and Germany, when it comes to the number
of nanotechnologies companies operating'. The
European Commission completed a study of the
economic development of nanoscale technology
in 2006'>. According to this the UK was:

e fourth in terms of number of patents applied
for, after the US, Japan, and Germany;

e very strong in nano-optics, placed third after
the US and Japan;

e fourth on nanoscale materials after the US,
Japan and Germany.

12 OECD (2009) Nanotechnology: An overview based on indicators and statistics; working
paper 2009/7

13 Nanomaterials and Markets 2008-2015, Nanopost, quoted in Nanoscale Technologies
Strategy 2009-12, Technology Strategy Board, September 2009

14 www.nanovip.com

15 The economic development of nanotechnology — An indicators based analysis,
European Commission, November 2006

11
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Figure 1: Predicted Growth in Global Revenue of Nanotechnologies'®

Nanotechnologies revenue in

Predicted nanotechnologies

2007 ($m) revenue in 2015 ($m)
ICT 585 41,402
Automotive 404 7,134
Aerospace & Defence 323 3,768
Agriculture, Food/Drink 265 3,210
Consumer goods 188 6,225
Life Sciences 145 5,670
Textiles 122 2,170
Energy 90 3,615
Environment & Water 86 3,885
Construction 66 1,672
Brand & Product Security 30 2,650
Totals 2,304 81,401

Nanotechnologies Industry for which nanotechnologies makes up a

22. While it is relatively easy to define bulk forms
of materials according to large scale, primary
supply industries (e.g. glass, steel etc) this is not
the case for nanomaterials; here the technologies
have been applied to the development of products
and processes across many industries, particularly
over the past ten years.

23. Developing a comprehensive picture of
the UK nanotechnologies supply chain, from
manufacturers or importers of nanomaterials,
service providers, through to end users (companies
who produce a final product for consumers to
purchase), has proven difficult. The mini-IGT
attempted to provide a picture using data from
the Nanotechnology KTN'. Their survey estimated
that there are around 220 companies in the UK

16 Nanoscale Technologies Strategy 2009-12, Technology Strategy Board, September 2009
17 The Nanotechnology Knowledge Transfer Network facilitates the transfer of knowledge
and experience between industry and research bodies

significant portion of their business. The mini-IGT
believes that this figure is conservative and may
be only a fraction of the true number because the
involvement of many organisations is sufficiently
removed from the nanomaterial itself; for example
a manufacturer of windows might use a water
resistant coating containing a nanomaterial
purchased from a supplier without considering
themselves to be a nanotechnologies company.

24. Figure 2 (next Page), shows the range of
applications that UK companies are focusing on
in order to develop and exploit the opportunities
presented by nanotechnologies.

25. Coatings and inks, biotechnology, speciality
chemicals, electronics, sensors, instrumentation,
medical devicesanddrugdeliveryare clearly the key
market sectors where companies are most active.
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Figure 2: Market Application Focus of UK Nanotechnologies Companies'®
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End user sectors for these applications include:
information and communications (hardware),
automotive, healthcare and medicines, aerospace
and defence, and food and drink.

26. The majority of companies that responded to
the mini-IGT survey were small and medium-sized
enterprises (SMEs) with some 34% of companies
being involved in nanotechnologies for more than
ten years.

UK Capabilities

Research
27. The UK has a world-class reputation in
nanotechnologies research with a nationwide

18  Nanotechnology: a UK Industry View — http://www.matuk.co.uk/docs/Nano_report.pdf

network of research institutes and universities
involving approximately 1,500 research scientists
focusing on the development of nanotechnologies.

28.TSBinvested approximately £30min a portfolio
of research into nanotechnologies between 2006
and 2009. This included work in a diverse range
of application areas, for example; healthcare, low
carbon energy and advanced manufacturing.
Further investment was made as a result of wider
competitions when successful proposals utilised
nanotechnologies. An example of this was the
competition on Materials for Energy, held in 2007,
where 75% of the supported projects involved a
nanotechnologies based solution.

19 UKTI http://www.ukinvest.gov.uk/Nanotechnology/en-GB-list.htm

13
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29. Twenty-four Micro and Nanotechnology (MNT)
facilities were set up by Government between
2003-07 and form a major part of the UK's micro
and nano technologies infrastructure. These were
established primarily by open competition and
are geared to support and enhance collaborative
research programmes, technology transfer initiatives
and capital projects. The centres are open access
facilities and are supported by combined TSB,
Regional Development Agencies (RDAs), Devolved
Administration and industrial funding.

30. With a significant research portfolio in
nanoscience, Research Councils are supporting
the UK’s ability to harness the interdisciplinary
nature of nanotechnologies. This includes investment
to help address commercialisation challenges
such as:

e The scale-up of small, laboratory-based
methods to technology that is viable on a
commercial scale;

e |nvestigation of manufacture feasibility using
demonstrator models and the deployment of
new technology in real-life situations.

A recent RCUK initiative has been the programme
of Grand Challenge investments in energy,
healthcare and the environment, made as part
of the cross council programme, Nanoscience
through Engineering to Application®. These projects
have been scoped with input from business,
academia and the public and by March 2010,
£28m will have been invested to assist the
development of solutions in the challenge areas.
The second stage of the Grand Challenges will
have joint funding from the Research Councils
and the TSB, and plans are outlined in Action 2.6.
To date, Grand Challenge funds have supported
projects to develop:

20 http://www.rcuknano.org.uk/

e Cheaper and more efficient approaches to
energy generation through solar technology;

e Novel methods for diagnosing disease and
improved approaches to drug delivery;

e Technologies to reduce the UK's carbon
emissions by capturing and converting carbon
dioxide into valuable products such as energy
and chemicals.

Action 2.1

Research Councils will partner with business,
KTNs and the TSB to maximise the pull-through
of promising nanotechnologies research outputs
to commercialisation. To achieve this, funding
will be provided to ensure that the best
performing grand challenge projects can deliver
further improvement over what is currently
state-of-the-art. Close collaboration with business
and other government departments will be critical
to ensuring that this initiative is a success and will
deliver real benefits to the UK.

Knowledge Transfer Activities

31. The Nanotechnology KTN and other KTNs
such as Materials, Chemistry Innovation and
Sensors & Instrumentation facilitate the transfer
of knowledge and experience amongst industry
and research institutions. They are able to offer
companies dealing with nanotechnologies access
to information on new processes, patents and
funding as well as helping them to keep up to date
with regulatory requirements. Services provided
by KTNs include; networking events, a directory
of micro and nanotechnologies providers, online
communications, project partnering services, and
technology brokerage.

Standards

32. A standard is an agreed, repeatable way of
doing something, for example, making a credit
card so that it can be used all over the world or
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quality testing to ensure that there is parity
between different companies producing similar
products. The establishment of standards is an
important step towards the commercialisation of
research and fostering of innovation; they establish
a common framework and understanding, providing
the bridge between research and industry.

33. The UK is playing a key role in leading
the development of nanotechnologies standards
through BSI. The majority of nano-standardisation
initiatives in the International and European
standardisation organisations have been proposed
by the UK. To date BSI, with Government
assistance, has developed ten standards, details
of which can be found on the BSI website?'.

Action 2.2

Government will continue to support
standardisation work in innovative and
emerging technologies, including that of
the BSI Nanotechnologies standards work
programme. Standardsin support of occupational
and environmental health and safety have
been identified as a priority, underpinned by
the relevant measurement, characterisation and
terminology standards.

Barriers to Growth

34. The UK has a very strong technical base in
nanotechnologies and has historically been very
successful in research. It is crucial that this success
follows through to the commercialisation of
nano-enabled technologies.

A Fragmented Industry, Lacking Leadership

35. Companies developing nanotechnologies
applications and end users are present across
a wide range of sectors and many of these

21 www.bsigroup.com

companies are SMEs. There is therefore a lack of
critical mass within the industry around which a
strategic direction can emerge; for example, most
SMEs are operating in isolation, and not able to
form standards or make use of the knowledge or
expertise of others.

36. The variety of businesses, including niche
producers and those with sector specific
applications, means that manufacturers face
challenges in developing new processes and
exploring potential markets for them. Many
struggle to establish effective supply chains
and generate the critical mass needed to get
developments to a commercial stage.

37. A need has been identified by industry for a
comprehensive national strategy to address these
issues, along the lines of key competitors such as
the US and Germany. This would provide greater
co-ordination across sectors. More cohesive
leadership would support growth and ensure
effective engagement with Government.

A Lack of Collaborative Research and New Skills
38. To avoid duplication and facilitate the
development of best practices there is a need for
greater communication amongst industry and
with the academic community, thereby enabling
the sharing of knowledge and the identification
of shared challenges.

39. People with sufficient skills in this high-value,
high-skilled, knowledge-based market are essential
to drive innovation and sustain the development
of nanotechnologies. Currently the two most
important barriers to the supply of skilled people
are the lack of adequate training programmes
and the high cost of those that do exist??.

22 Nanotechnology: a UK Industry View, Mini Innovation & Growth Team, 2010
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CASE STUDY 1: Vehicle Efficiency

Car engines produce heat energy as a waste
product and they must have effective cooling
systems to prevent overheating. Traditional
cooling systems can use a lot of fuel; if
improvements could be made to their function,
then fuel could be saved. A small, high-
technology company in Leeds are working
with nanotechnologies to achieve this result.
They are developing thermal transfer fluids
which use nanoparticles to enable heat to pass
more efficiently through cooling circuits. When
these nanofluids are installed into a radiator
system, they have the potential to reduce fuel
consumption, thereby reducing the carbon
footprint of the vehicle and saving money for
the vehicle owner.

Researchers have been aware of the potential
of nanofluids for around ten years, but the
technology couldn’t be applied to real life
situations until scientists from the Institute
of Particle Science and Engineering at Leeds

University developed novel technologies for
suspending nanoparticles in fluids so that
they don't stick together or form a residue.
The company they formed in 2006 employs
five people and is backed by British venture
capital. They enjoy partnerships with potential
collaboration companies based in Japan,

Germany and the US as well as coolant
suppliers and are on schedule to bring their
technology to market by the end of 2010.

Public Perception

40. Further work is needed by industry and
Government to improve public understanding of
the benefits which nanotechnologies currently hold,
as well as their potential in the future. People
must also have confidence that sufficient risk
assessments are taking place by companies using
nanomaterials in their products. More detail on
public engagement can be found in Chapter 5.

Regulatory Burdens

41. Companies developing nanotechnologies
require information in advance regarding the
regulatory regime which will be necessary when
their product goes to market. If this is deemed
to be excessive, it can prevent businesses from
venturing into the nanotechnologies market,
or from using them within their own operating
markets. Further consideration of a proportionate
regulatory regime is set out in Chapter 4.
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Creating a Unified Industry

Action 2.3

A Nanotechnologies Leadership Group
(NLG) will be established, based on the
recommendation of the Nanotechnologies
community through the mini-IGT and will be
chaired by a BIS Minister. It will focus on issues
raised by the mini-IGT and comprise stakeholders
from across industry, research institutes, RDAs
and academia. Its key tasks will be to:

e Provide strategic leadership and direction
to the wide range of sectors engaged in the
development and application of nanoenabled
technologies;

¢ Highlight developments or industry needs that
provide potential commercial opportunities
across sectors that can use nanotechnologies;

e Encourage the development of new industrial
collaborations, supply chains and networks;

e Encourage and provide direction to the national
development of new processes, materials
and products;

e Help to monitor delivery of the commitments
in the UK Nanotechnologies Strategy.

It is envisaged that NLG will meet at least twice a
year. It is intended to be a short term activity, and
its work will be reviewed after two years.

Action 2.4

NLG will have strong Ilinks to the
Nanotechnology Special Interest Group which
is evolving from the mini-IGT and the KTN
Programme, providing input and opportunities
for dialogue with a wide range of industry
representatives with an interest in nanotechnologies.

Action 2.5

TSB has completed a strategic review to identify
how to maximise the benefits from MNT centres.
This will also feed in to the Hermann Hauser’s
review of Technology and Innovation Centres —
due to report in March. In future TSB support
for the majority of the MNT centres will be
channelled through research and development
(R&D) competitions. TSB will continue to
actively manage this investment and will be
strengthening the knowledge transfer and
co-ordination activities to ensure technology
providers are connected to potential users,
working in conjunction with NLG. This will
accelerate the commercial exploitation of UK
capabilities. Two key areas are:

e Nanomedicine — TSB, in consultation with
stakeholders, will develop the business case for
potential future investment in nanomedicine
research. This investment will be co-ordinated
closely with other potential funding bodies.

e Nanosafety — TSB will extend the Safe
Nano project?® which provides nanotechnologies
health and safety information to allow continuity
of provision in this area.

23 www.safenano.org
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Developing Technology and Expertise

Action 2.6

The TSB Nanoscale Technologies Strategy 2009-
2012 was launched in October 2009 and targets
the ways by which nanotechnologies can address
major challenges facing society such as
environmental change, ageing and growing
populations, and global means of communication
and information sharing. This will provide the
framework for future applied research
predominantly through activity inspired by
the needs of wider technologies and
challenge led calls, including:

e Fighting Infection through Detection
Competition — This competition, worth up
to £11m funding from TSB and Department
of Health (DH) opened in January 2010 and
comprises feasibility studies, fast-track projects
and larger R&D projects. It is expected that
a significant portion of the funding will be
awarded to nanotechnologies projects. The
Nanodlife* event held on 4th February
2010 is an example of the type of activity
that is required to connect and catalyse the
nanotechnologies community to prepare for
this competition along with wider healthcare
focused activity;

* Regenerative Medicine Programme — This
will include the launch of competitions in the
next six months in regenerative medicine
therapeutics, tools and technologies. The total
investment will be around £21.5m, with
funding from TSB, Engineering and Physical
Sciences Research Council (EPSRC), Biotechnology
and Biological Sciences Research Council
(BBSRC) and Medical Research Council (MRC).
It is envisaged that a significant percentage
of applications to this activity will have a
nanotechnologies based element;

24 A collaboration between the Nanotechnology KTN and the Wellcome Trust

e The second stage of the Nanoscience
from Engineering to Application Grand
Challenges will be jointly funded by RCUK
and the TSB. Their primary aim will be to
commercialise early stage research with the
most promising solutions to societal challenges:
— Solar Energy — The second stage of this

challenge is scheduled for late 2010 with
indicative funding of £5m;

— Healthcare - This challenge is aimed at
nanoscale targeted delivery of therapeutics
and healthcare diagnostics. The second
stage is scheduled for 2011 with indicative
funding of £10m;

— Carbon Capture and Utilisation — An
announcement on first stage funding will
be made in March 2010 followed by further
stage 2 activity in 2012.

Action 2.7

In  England, RDAs will support business
innovation on nanotechnologies through a
portfolio of simplified business support products,
and will work closely with TSB to deliver
regional schemes that support the UK
Nanotechnologies Strategy: Small Technologies,
Great Opportunities. In particular, RDAs will
help businesses work with universitiesin their
regions by offering networks and innovation
vouchers that are relevant to the businesses
in a region. The Devolved Administrations
will provide tailored support structures for
businesses within their borders?>.

25 Wales — Flexible Support for Business http://fs4b.wales.gov.uk; Scotland; SMART:
SCOTLAND and Regional Selective Assistance grants www.scottishbusinessgrants.
gov.uk ; NI — Grant for R&D www.investni.com/r+d and Flexible Support for Business
www.investni.com
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Raising Awareness and Education

Action 2.8

The Science and Innovation Network (SIN) will
help identify the policies and best-practices
adopted by leading nations for assessing any
risks in relation to nanotechnologies and its
safe exploitation. It will also disseminate key
UK policy messages on the safe development
of nanotechnologies.

Action 2.9
The skill requirements of the
nanotechnologies sector will be addressed

through a range of complementary
Government policies, as outlined in
Government’s framework for higher

education Skills for Growth?** and Higher
Ambitions®’:

e 35,000 additional advanced apprenticeships
available for 19-30 year olds over the next two
years to meet technical skills needs in advanced
manufacturing sectors;

e Measures to make the adult skills and higher
education systems more responsive to the
needs of employers;

e Resources for skills focused on areas of the
economy which can do the most to drive
growth and jobs, including science, technology,
engineering and mathematics (STEM) at higher
education level;

e Work with the relevant sector skills councils
and UK Commission for Employment and Skills
to identify longer term skills needs in advanced
sectors and ways in which these needs can
be addressed;

26 www.bis.gov.uk/skillsforgrowth
27 www.bis.gov.uk/higherambitions

e RDAs will address skills supply for growth
sectors, such as nanotechnologies, in their skills
strategies, so that skills provision is responsive
to regional strategic economic needs as well as
to shorter-term business needs.

International Co-operation

Action 2.10

BIS, TSB, UK Trade & Industry (UKTI) and
SIN will ensure that the UK is embedded
in strong international nanotechnologies
business collaborations, including
investment in R&D opportunities and
leadership of the Organisation for Economic
Co-operation and Development’s (OECD)
Working Party on Nanotechnology (WPN).

Action 2.11

BIS, working in partnership with the TSB, will
work to influence future European policy
and support instruments to encourage more
effective deployment of nanotechnologies.
The European Commission has announced
plans to create a High Level Group to assess
the competitive position of five key enabling
technologies (nanotechnologies, micro-
electronics, advanced materials, biotechnology
and photonics) and to make recommendations
by the end of 2010.
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3. Environmental, Health and Safety Research

42. Actions in this area will help to establish a fuller
understanding of risks associated with the use
of nanomaterials and any resulting exposure to
them. Like all materials and chemicals, the specific
safety implications for any given nanomaterial
are likely to differ significantly from material to
material. Also, the way in which the material is
used has an effect on the likelihood of human or
environmental exposure. Research into this area
is essential in order to understand how different
nanomaterials may impact on human health and
the wider environment.

43. Government recognises the strong opinions
expressed by stakeholders on the subject of
the EHS implications of nanotechnologies
during the 2009 evidence gathering exercise,
Nanotechnologies: influence and inform the UK
Strategy. Many contributors felt that there was
not enough co-ordination of Government
research efforts and that a greater level of
investment should be committed to investigation
of the effects of nanomaterials on human health
and the environment.

Action 3.1

The Government Chief Scientific Adviser
will chair a meeting with Chief Scientific
Advisers from the relevant Departments to
discuss approaches to improve Departmental
engagement and co-ordination of
nanotechnologies research.

Recent Findings

44. The past few years have brought a significant
increase in research into the characterisation
and applications of nanomaterials and the
potential risks arising from their manufacture
and use. Research commissioned by Government
Departments and Agencies (see Box 4), as

well as research publicly financed through the
Research Councils (see Box 6) have enhanced
the nanotechnologies knowledge base in some
important areas.

45. Researching the potential risks associated
with nanotechnologies is an international effort.
By ensuring that the UK is linked into international
research networks, we are able to benefit from a
much wider knowledge base. In addition to the
advances made in the UK, important work has
been carried out in other countries, with examples
detailed in Box 5. Much of the international work
detailed has been funded through the OECD or
EU’'s Framework Programme; these are explored
in more detail in Chapter 5.

Government and Research

46. In 2005, in light of the recommendations
made in the RS/RAEng report, NRCG set 19
research objectives. Since then, high quality
research, has developed our understanding
significantly. The EMERGNANO report, which was
commissioned by Defra and published in March
2009, took an independent view of the global
provision of research into the EHS implications of
nanotechnologies®. It noted that significant
progress had been made in a number of areas,
including those described in Box 5. However, the
report also concluded that some key questions
remain and there is currently insufficient evidence
to carry out robust risk assessments of many
existing nanomaterials.

28 http://www.defra.gov.uk/environment/quality/nanotech/reports.htm#emergano
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BOX 4: Examples of environmental,
health and safety research funded by
UK Government into nanotechnologies:

e The REFNANO project, commissioned by
the Department for Environment, Food
and Rural Affairs (Defra), has been a
major step forward in the prioritisation
of needs for reference materials and
measurement methods in  support
of nanoparticle toxicology and risk
assessment.  The  resulting  report
has formed the basis for the OECD’s
Nanomaterials sponsorship programme,
mentioned later in this chapter®.

The potential inhalation effects of carbon
nanotubes have been a focus of work
at Edinburgh University. These studies
observed the formation of granuloma
in the lining of the abdomen of mice
injected with carbon nanotubes of a
specific size range and aspect ratio.
These findings, which are being explored
further, have enabled Government to
produce risk management guidance
on the handling and disposal of carbon
nanotubes (CNTs)*°.

An important summary has been
prepared on the principal physico-
chemical factors controlling interactions
between nanoparticles and cells. This
looked at the influence of particle size
and surface area, charge and chemistry?'.

Aitken et al. (2007) — REFNANO: Reference materials for engineered nanoparticle
toxicology and metrology

Donaldson et al. (2008) — Carbon nanotubes introduced into the abdominal cavity
display asbestos-like pathogenic behaviour in a pilot study

Hankin et al. (2008) — CELL PEN: A study to identify the physico-chemical factors
controlling the capacity of nanoparticles to penetrate cells

UK Nanotechnologies Strategy

BOX5: Examplesofinternationalresearch
into the environmental, health and safety
implications of nanotechnologies:

e |t now seems clear that filtration systems
are an effective means of personal
protection from exposure to nanomaterials,
particularly in the workplace, with several
studies finding improving efficiency as
particle size decreases™.

Studies have improved the understanding
of kinetics of nanoparticle uptake in
invertebrate and vertebrate models and
have related this to toxicity?3.

Research has focussed on the effects of
nanoparticles on microbial organisms and
communities, and there have been efforts
to bring together what has been learned
here with human toxicology findings*.
Edinburgh Napier University and the
Institute of Occupational Medicine have
led an EU Framework Programme funded
Review of Health and Environmental
Safety of Engineered Nanoparticles. This
comprehensive and critical scientific
review has looked at fullerenes, CNTs,
and metal and metal oxide nanomaterials
and brings together the findings of many
high quality studies, providing a ‘road
map’ towards protocols for robust risk
assessment®.

A large body of work has also provided
important early data on the possible
behaviour and effects of nanosilver in the
aquatic environment. This was summarised
in the UK Advisory Committee on Hazardous
Substances’ Report on Nanosilver (2009).

32-35 Emergnano: A review of completed and near completed environmental, health and
safety research on nanomaterials and nanotechnology (2009)
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BOX 6: Research Councils and
nanotechnologies.

In addition to the commercialisation research
supported by the Research Councils, as
detailed in Chapter 2, they fund EHS research
in two ways:

e Responsive mode, where scientists submit
applications for funding which are subjected
to peer review and open competition.
Approximately £80-100m per annum is
allocated to researchers for projects involving

nanotechnologies in this way (both EHS and
non-EHS research), and current priorities for
this type of funding include international
collaboration and research to better
understand the health and safety of
nanomaterials. EPSRC  has signposted
nanometrology and nanotoxicology in their
responsive  mode  panels, in line
with the NRSG research priorities. This has
resulted in one award so far; Swansea and
Leeds universities received a total of £1.2m
of fundingforaprojectentitled, Nanoparticle

Action 3.2

Taking account of EMERGNANO's findings and
wider developments in this area, NRCG has
undertaken a review of its nanotechnologies
research priorities. The new priorities, which
can be found at Appendix C, set the ongoing
strategicdirection of publicly funded research
on nanotechnologies. To communicate more
effectively this new focus on strategic function of
the group, NRCG members have agreed that the
group should now be referred to as the
Nanotechnology Research Strategy Group (NRSG).

Cytometrics: a quantitative analysis of the
toxic effect of nanoparticles.

The Nanoscience through Engineering to
Application cross-council programme was
established in 2007 and was based on the
2006 EPSRC strategy for nanotechnologies.
The programme is led by EPSRC but has
involvement from all other Research
Councils and TSB. Between 2007 and
2010, £84m has been allocated to a variety
of nanotechnology projects, including
the multi-disciplinary Grand Challenges,
provision of specialised equipment and
infrastructure, funding of three doctoral
training centres and supporting ‘high
potential’ areas of UK specialism such as
the development of graphene. Full details
of the supported projects can be found on
the Research Council websites®®. The level
of investment made through this cross-
council programme and responsive mode
has been significant, with 18.5% of EPSRC’s
total research investment being related to
nanotechnologies.

47. Government is committed to the sustained
development of the evidence base and will
continue to support the nanotechnologies
research programme at both the domestic and
international level. The actions set out below
detail research being supported by different
Government Departments and Research Councils
to increase our understanding of the impacts of
use and exposure to nanomaterials.

36 http://www.rcuknano.org.uk/what-were-funding.html
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Domestic

Action 3.3

The Health Protection Agency (HPA) launched
its National Nanotoxicology Research Centre on
24th November 2009 following an initial £1m
investment. This is a unique and valuable resource
in the UK. It has been equipped to characterise
nanomaterials and to generate a wide range
of nano-aerosols, including nano-fibres/wires/
tubes, as well as perform toxicological tests
on their effects when absorbed into the body
via inhalation, ingestion and through the skin.
Collaborative programmes of work are being
developed by leading UK researchers and
applications for funding from the Research
Councils are being submitted. HPA are also
in the process of developing an in-house
programme to deliver high quality, publicly
funded toxicological research which will
improve our understanding of the risks to
human health posed by nanomaterials.

Action 3.4

The first project to be undertaken at the
National Nanotoxicology Research Centre
will investigate the biokinetics of inhaled
nanomaterials. The first phase of the study
will finish by the end of December 2010 and
will provide a detailed understanding of the
behaviour, effects and retention in the body of
inhaled insoluble nanomaterial aerosols.

Action 3.5

To help address some of the research
gaps concerning nanoparticles following
consumption in food, the Food Standards
Agency (FSA) has commissioned two
projects which commenced in early 2010 to
investigate the behaviour and fate of
nanoparticles in the gut. The total level of FSA

investment in this work will be approximately
£304k. One project will examine an in vitro
absorption model and human toxicokinetics
whilst the other will use a different in vitro
absorption model and animal toxicokinetics.

Action 3.6

FSA is also jointly funding a three-year
project entitled Nanoparticles in Food:
Analytical Methods for Detection and
Characterisation, which commenced in January
2010. This project is being undertaken by an
international  consortium  under the EU
Framework Programme 7 (FP7). The work to be
carried out in the UK will be led by the Food and
Environment Research Agency (FERA) and will
focus on the development of screening methods
for the detection of engineered nanoparticles in
food. The project is partly funded by the European
Commission, with the FSA providing £103k, or
25% of the total cost of the work carried out in
the UK.

Action 3.7

The DH has committed £1.25m of funding to
research on the health impact of nanomaterials
to take forward the cross-Government priorities
identified by NRSG and its task force on Human
Health Hazard and Risk Assessment. DH has
committed £1.1m of this funding to five studies
on; carbon nanotubes, toxicology of inhaled
nanoparticles, nanoparticles & atherothrombosis
and nanotoxicology of materials used in surgical
applications. These studies will be completed
by 2012 and will inform Government policy
on the health impact of nanotechnologies.
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10. Appendix E — List of Abbreviations

BSI
BBSRC

BIS

BRASS

CASG-Nano

CNT
COSHH

CsT

DCSF

Defra

DH
DSEAR

DSSC
EA
EFSA
EHS
EMA
ENI

EPSRC

FP7

FSA
HPA
HSE
ITTP

KTN

British Standards Institution
Biotechnology and Biological
Sciences Research Council
Department for Business,
Innovation and Skills

Centre for Business Relationships,
Accountability, Sustainability and
Society

EU Competent Authority Sub-
Group on nanomaterials

Carbon NanoTube

Control of Substances Hazardous
to Health

Council for Science and
Technology

Department for Children, Schools
and Families

Department for Environment, Food
and Rural Affairs

Department of Health

Dangerous Substances and
Explosive Atmospheres Regulation
Dye-Sensitised Solar Cell
Environment Agency

European Food Safety Authority
Environmental, Health and Safety
European Medicines Agency
Environmental Nanoscience
Initiative

Engineering and Physical Sciences
Research Council

EU Framework Programme 7
Food Standards Agency

Health Protection Agency

Health and Safety Executive

MRC Integrative Toxicology
Training Programme

Knowledge Transfer Network

mini-IGT
MNT
MRC
NCG
NIDG
NLG

NMP

NRCG
NRSG
NSF

OECD

R&D
RCEP

RCUK
RDA
REACH
RIPON
RS/RAENng
SAICM
SIN

SME
SNAP

mini-Innovation and Growth Team
Micro and Nanotechnology
Medical Research Council
Nanotechnologies Collaboration
Group

Nanotechnology Issues Dialogue
Group

Nanotechnologies Leadership
Group

EU FP7 theme: Nanosciences,
Nanotechnologies, Materials and
new Production Technologies
Nanotechnology Research
Co-ordination Group
Nanotechnology Research Strategy
Group

Nanotechnology Stakeholder
Forum

Organisation for Economic
Co-operation and Development
Reseach and Development

Royal Commision on
Environmental Pollution

Research Councils UK

Regional Development Agency

EU Registration, Evaluation,
Authorisation and restriction of
Chemicals Regulation

REACH Implementation Projects on
Nanomaterials

Royal Society/Royal Academy of
Engineering

UN Strategic Approach to
International Chemicals
Management

Science and Innovation Network
Small and Medium sized Enterprise
EU Strategic Nanotechnology
Action Plan
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