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“Graphene has the proven potential to be a revolutionary material in efforts to put the planet on track 
for a better future—this book shows us how.”

Sir Richard Branson
Founder, Virgin Group

“From the Industrial Revolution through to the early computer revolution, Manchester has helped 
to power the UK’s national history. The story told here about the early efforts to commercialise 
graphene is another chapter in that impressive narrative. It is early days, and innovators, researchers, 
businesses, politicians and investors need to work together to make sure that graphene reaches its full 
and exciting potential.”

Lord Jim O’Neill (Baron O’Neill of Gatley)
Former Chief Economist at Goldman Sachs

“The story of the isolation of graphene is fast becoming legendary, but it is much rarer to read in 
detail how a scientific breakthrough is turned into a platform to accelerate its application and 
commercialisation. This book uses first-hand testimonies to tell a fascinating story of navigation 
through political and financial hurdles to realise that potential.”

Professor Luke Georghiou
Deputy President and Deputy Vice-Chancellor, The University of Manchester, UK

The isolation of graphene in 2004 at The University of Manchester revealed the world’s first ever 
two-dimensional material. Hailed as a ‘wonder material’, graphene promises huge commercial and 
social opportunities and this book explores how Manchester has pioneered a model of innovation 
that has accelerated the adoption of graphene into real-world products—and, at the same time, has 
anchored an innovation ecosystem in the place of UK discovery.

James Baker is a recognised innovation leader and commercialisation expert. He 
is currently CEO of Graphene@Manchester, based at The University of Manchester, 
which he joined in 2014. In his unique role, James develops industrial partnerships 
and collaborations to accelerate the commercialisation opportunities for graphene. 
Before entering the higher education sector, James worked in industry for 25 years 
and led on a number of prestigious national innovation projects as managing director 
of the Advanced Technology Centres for BAE Systems in the UK.

James Tallentire is a former journalist who has led communications and stakeholder 
engagement activity at Staffordshire University, Birmingham City University and The 
University of Manchester. These institutions have all shared similar commitments—to 
support the economic development of their respective city-regions through applied 
research, innovation and talent creation. Most recently, James has been an advocate 
of Manchester’s world-class advanced materials portfolio, including the unique 
‘Graphene City’ ecosystem that brings academic, civic and business leaders together 
to help commercialise graphene.
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ixPreface

The common perception regarding British innovation is that the UK 
is great at invention but we always underperform when we try to 
commercialise these ideas.
 This opinion has been articulated by a number of commentators. 
For example, in a survey conducted by The Engineer magazine (May 
2018), it was revealed that “sentiment regarding the UK’s ability to 
commercialise technology was overwhelmingly negative, with nearly 
85 per cent feeling the country is falling short in some respect”. 
However, Professor Tom Nicholas, from Harvard Business School, in 
a contribution to the Cambridge Economic History of Modern Britain 
(2014)1 says: “Britain has not failed when considering the function 
of invention. Rather, Britain has a long tradition of excellence in 
invention and in basic science”.
 This positive statement is then followed by a litany of great 
British discoveries and inventions, including the gyro-compass, the 
jet engine, the float glass process (the most common manufacturing 
process of flat glass sheets), cotton textile machinery (that helped 
trigger the original industrial revolution in Manchester and 
Lancashire), DNA, the CT Scanner, and the World Wide Web. I am 
sure the readers of this book could add many, many more equally 
seminal innovations—for example, the first modern computer was 
built in the UK (Manchester in fact) and the following generation of 
computers were created to serve Britain’s nuclear energy scientists, 
another field where we acted as post-war global pioneers. But the 
point Professor Nicholas goes on to make is that despite these areas 
in which Britain has displayed such competence and distinctiveness, 
“the management of technology has typically been weak” and the 
UK has long suffered structural flaws in its commercialisation 
environment.

1Taken from T. Nicholas. Technology, Innovation and Economic Growth in Britain 
Since 1870 [Prepared for the Cambridge Economic History of Modern Britain, 2014], 
in: The Cambridge Economic History of Modern Britain: Volume II. 1870 to the Present 
(R. Floud, J. Humphries, P. Johnson, eds.), Cambridge University Press, pp. 181–240.
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 There is a web of interconnected reasons for this science and 
innovation deficit, but one we believe is vitally important is the 
need to have the right ‘ecosystem to support R&D’ as a way to 
harness inventions developed domestically. This book looks at how 
Britain—and indeed Greater Manchester, the region once known as 
‘Cottonopolis’ for its revolutionary textile technologies that made 
global impact—has not only given the world another great science 
breakthrough in the form of graphene, the world’s first 2D material, 
but also looked to retain its commercialisation in the place of 
discovery.
 This ambition is being achieved by developing a unique 
translational environment that has its base in the very institution 
where graphene was first isolated, The University of Manchester. 
However, a campus-based R&D accelerator is very limited and 
so the Manchester graphene community has been joined by civic 
organisations, plus a diverse range of business partners at both 
national and international levels. To add to this mix is the UK 
government, who were early champions of graphene and hoped the 
new Manchester model of innovation would break the old cycle so 
that ‘Discovered in Britain’ would this time also lead to a boast of 
‘Made in Britain’.
 To help tell the complex and fascinating story behind the 
commercialisation of graphene at Manchester, we have been 
fortunate to have access to key players in this narrative and who 
have generously given their time and first-hand testimonials. We are 
very grateful to these pioneers, innovators, senior leaders, and key 
stakeholders who have candidly explained their role in supporting 
graphene on its journey from scientific breakthrough to the real-
world application. They have revealed just how challenging this bold 
quest has been with a whole series of political, financial, reputational 
and commercial considerations having to be negotiated all along the 
way. These contributors—and many, many more colleagues and 
partners whom we were not able to highlight or namecheck—have 
acted as architects to create this bespoke ecosystem, which has been 
dubbed ‘Graphene City’. It is still very early days for this proposed 
and ambitious ‘innovation utopia’, which has been inspired by Nobel 
prize-winning science and the concept of open innovation, but a 
firm foundation has now been laid—and anyone who is a part of this 
game-changing project becomes dedicated to its delivery.
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 What has also become clear from studying Manchester’s 
graphene story is the fact that this invisible 2D material has an 
unexpected ability to be democratic and embracive. People from all 
walks of life and different backgrounds have been fascinated by this 
‘wonder material’ and want to know more about its extraordinary 
potential. We believe this allure all begins with its origin story that 
tells of two brilliant and curious scientists—Andre Geim and Kostya 
Novoselov—who experimented on a Friday night using nothing 
more than sticky tape to isolate a brand new material. And the 
intelligent story-telling and brand building that then followed cannot 
be underestimated because it has made a pivotal contribution to 
driving graphene along the route to commercialisation by attracting 
the right actors at the right time to keep momentum going.
 Finally, a huge acknowledgement and big thanks must go to our 
immediate families, whose patience has made the writing of this 
book possible. Countless lost weekends have been tolerated and 
thankfully forgiven.

James	Baker	and	James	Tallentire

November 2021





James Baker, Manchester: Throughout my career, I have been 
driven by the belief and importance of “making a difference” in 
what I do and in any of my outputs and outcomes that I am looking 
to achieve. This book is dedicated to graphene, which I first came 
across in 2013 whilst working in a large corporate organisation. 
Graphene is an example of a new material which truly has the 
potential to make a real difference not only to the life in which we all 
live in today but also to create significant value for the UK. Working 
in a team has always been important to myself and has significance 
in the way that I operate—and this book is really about the people 
within the various stakeholder organisations—both academic and 
commercial—who have the opportunity to bring graphene from 
the lab to the marketplace. Not only is this book about graphene 
as a new material, but also it looks at new business and innovation 
models, and a more collegiate way of working.
 This book explores how we might better bring together the best 
of academia and industry to take some of the great inventions that 
take place in the UK and how we can bring them to the marketplace. 
The UK has a history of great discovery but has not always been in 
first place when it comes to creating the supply chain and achieving 
value in terms of new products, jobs and factories. It has also been a 
challenge that new materials have typically taken many, if not tens of 
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2 Introduction

years to go from discovery to the first products in the marketplace. 
Graphene, at only 17 years “young” since first discovery in 2004, 
is still in its teenage years and therefore is still in the early phases 
of commercialisation. This book is dedicated to tell the story of the 
last few years where graphene truly has started to increase its pace 
towards commercialisation and is now approaching a “tipping point” 
of products and applications into the mainstream.
 Graphene was first isolated at The University of Manchester in 
2004. I was first introduced to graphene while working for a large 
FTSE 100 aerospace and defence company. My background is from 
industry, where I have worked for over 25 years, generally involved 
in the commercialisation and the pulling through of technology. In 
my final years in industry, I became involved in an exercise looking 
at the development of “futures”—business and scenario planning 
looking forward to developments in 20 years’ time. We ran a series 
of events that brought together the leaders of the organisation to 
try and understand not only what the future might look like but also 
how we might react to future demands and challenges.
 It was during this very exciting activity looking at the future, 
which was great as generally you cannot really get it wrong because, 
frankly, nobody knows what the future might hold—and it was then 
that I first came across the existence of this wonderful material 
called graphene. At that moment, I had very little knowledge about 
graphene but we used it as an example of how a new material might 
be applied in the future. A little background reading about graphene 
revealed the superlative properties associated with this original and 
first 2D material, like the fact it is 200 times stronger than steel, more 
conductive than copper, strong, flexible and transparent. All these 
properties could make a real difference to many different products 
and applications in many different market sectors.
 What really attracted me to graphene was its “multifunctional” 
properties—the ability to have, for example, both strength and also 
conductivity (thermal and/or electrical). This material really had 
the opportunity to “make a difference” and be truly “disruptive” not 
only in the markets I was then focused on but also in many other 
markets and sectors beyond aerospace and defence. Historically it 
could be argued that many new materials were often pulled through 
by the defence market which as early adopters were prepared to 
take the risk (and the benefits) that a new material might provide. 



3The Tipping Point

Interestingly, we have seen a change over recent years in the pull 
through of new technologies; typically, they are now driven much 
more quickly and effectively by the commercial sector. Graphene 
is an example of a material that would have caused great interest 
for defence and aerospace communities like carbon fibre before 
it. However, if you look historically at examples like carbon fibre it 
was probably 25 years from discovery through to the first products 
appearing and applications in the market. These products were 
primarily from aerospace and defence applications but also from 
sporting goods like tennis rackets and Formula One applications. 
With the challenges that we might face in the future, we realised that 
we would need a different way of working if we were to successfully 
pull through technologies for aerospace and defence in the future.
 It was then by coincidence that I received a call, initially via a 
social media post from The University of Manchester regarding 
a potential job opportunity, to work with this so-called ‘wonder 
material’ graphene. I followed up with a conversation with Professor 
Colin Bailey CBE, at that time Dean of the Faculty of Science and 
Engineering at The University of Manchester—and now President 
and Principal of Queen Mary, University of London—whose 
enthusiasm for graphene’s potential further inspired me. From this 
engagement I was hooked; so I decided to leave my industry-based 
career, which I had undertaken for over 25 years, to become directly 
employed in the higher education sector as an employee of The 
University of Manchester—and the ‘home of graphene’—working 
alongside business development director Ivan Buckley, who was 
also from industry and has now been engaged with graphene 
commercialisation for over 10 years. It seemed a chance to truly 
make a difference and a great opportunity to leverage my previous 
skills and experience and to bring this wonder material graphene 
into potential products and applications for the future.

The Tipping Point

During my time at The University of Manchester, I have presented 
the story of graphene and the work that the University is doing to 
commercialise this family of new 2D materials. At many conferences 
and events, I have presented on: “Graphene—The route to 
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commercialisation”; then in 2018 I was approached by a publishing 
company who saw great interest and value in telling the story of 
graphene commercialisation and so I decided to co-write this book. 
It seemed to me an excellent opportunity to explain what drove me 
personally and, also as a community, what we have done to help 
bring graphene towards the “tipping point” as we approach the end 
of 2021.
 During my career—which has included leading a R&D community 
at the British multinational defence and aerospace company 
BAE Systems—I have been lucky enough to witness numerous 
innovations approaching their own respective tipping points, for 
example in autonomous vehicle systems which was a technology 
that was moving along very slowly and with few supporters and 
budgets available, to progress to what we are seeing currently with 
for example the Tesla cars on the roads today. Such tortoise-like 
progress can be accelerated by an event or events until a critical 
point is suddenly reached and it seems everybody is talking and 
wanting to be involved in such a disruptive system. In the early days 
of autonomous systems, we had many cynics who said there were 
no requirements for such systems. In aerospace, our ideas were, in 
fact, received with scepticism to suggest that we might fly an aircraft 
completely without a pilot—and yet today, of course, unmanned 
aerial vehicles (UAVs) often called drones are quite commonplace 
in both military and civic applications. I believe the best way 
to accelerate a new technology into market is to adopt an open 
and sharing approach to innovation with industry and academia 
working as symbiotic R&D community. As far back as 2011, I was 
publicly advocating that UK Plc needed to move away from a culture 
of splendid isolation and do things differently if it were to remain 
competitive in a fast-changing world with ever shifting geopolitics 
and technological advances. In a blog in the Huffington Post [1], I 
wrote:

“Open innovation therefore is not just a business model. It’s a mindset 
that recognises that Britain cannot remain at the cutting edge of 
innovation without collaboration across industry and academia. There 
is a wealth of ideas in this country and to make the most of them we 
need to be mature in our approach and thinking and recognise that, 
even for a company the size of BAE Systems, it is simply no longer 
possible or desirable for a single company to work on them in isolation.”
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 When at BAE Systems we undertook the “futures” activity, we 
saw many similar case studies when people had great technologies 
or ideas but had to overcome the many barriers or obstacles 
during the journey from ideas through to concepts through to 
commercialisation and success. The need to break down these 
hurdles has always been a key driver in my thoughts, actions and 
operations. To push an innovation in its early years and overcome 
obstacles by, for example, developing standards and also carefully 
managing communications and engagement to overcoming any hype 
or industry scepticism. This book is dedicated to not only the team at 
The University of Manchester but also other teams around the world 
who have overcome the significant obstacles to get graphene to the 
point where it is today and close to achieving the tipping point of 
commercialisation. When we look back in history, we see a number 
of these moments of crossover and all the challenges and inertia that 
has to be overcome. Henry Ford once famously said if you were to 
ask people of his day what innovation they would most want they 
would reply ‘a faster horse’—instead Ford gave them what they 
never knew could exist, an affordable automobile.
 So, it is with great excitement that I co-write this book and I believe 
my 25 years in industry provides a great background knowledge, 
i.e. taking new technology and bringing that innovation through 
into products and applications. It is seven years since I joined The 
University of Manchester working on the graphene project and there 
is no better example of a new material that is probably going to be 
the quickest new material to market—but not only that, a material 
that truly has the potential to disrupt many sectors and areas and 
make the difference and start to rewrite a book of “future histories”.
 In deciding to co-write this book, I joined up with my colleague 
James Tallentire, who has helped bring the graphene narrative to life 
through his significant skills and background in communications and 
marketing. Together I believe we can write and produce a narrative 
that not only describes the excitement and the ability of graphene 
to truly make a difference but also to describe the excellent activity 
not just in graphene but the whole advance materials sector across 
The University of Manchester. The team is working not only on the 
science but in developing the commercialisation in the National 
Graphene Institute (NGI) and the Graphene Engineering Innovation 
Centre (GEIC) at Manchester.

The Tipping Point
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 By bringing the ecosystem together, we truly can deliver on the 
“Graphene city” vision.

***

James Tallentire, Manchester: I have worked in the higher 
education sector for the past two decades supporting leadership 
teams at Staffordshire University, Birmingham City University and 
The University of Manchester with their corporate communications 
and engagement. Although these are very different universities—
especially as Manchester is a research-led institution—all have 
shared a similar commitment to support the economic and social 
development of their respective city-regions through applied 
research and innovation, as well as creating the talent and leaders 
needed to make positive change happen. Most recently I have been 
an advocate of the lab-to-market innovation being pioneered by The 
University of Manchester’s world-class advanced materials portfolio, 
including an ambitious ecosystem that brings academic, civic and 
business leaders together to commercialise graphene. What we now 
proudly describe as the Manchester Model of Innovation.
 This work to be an economic catalyst, I believe, is an increasingly 
vital contribution being made by the higher education sector. Indeed, 
Nunes, Tomé and Duarte Pinheiro (2013) [2] note that while many 
scholars agree that universities are generally engaged in delivering 
three fundamental missions—education, research and social 
endowment—others’ researchers, such as Goddard (2009) [3], 
have also argued that a ‘fourth mission’ has emerged, the economic 
mission. This fourth mission is focused on stimulating the dynamics 
of regional and urban development. Boffo and Cocorullo (2019) [4] 
have also identified this fourth mission, in particular university spin-
out enterprise which they describe as “… instruments designed to 
respond to social pressures towards accountability and establish 
a dialogue with the economy through the sharing of academic 
research findings.” This ethos about the sharing of research closely 
echoes James Baker’s discussion on open innovation.
 In my career in strategic communications I have been involved 
in developing messaging and articulating clear propositions around 
the ‘fourth mission’ at Staffordshire University, Birmingham City 
University and The University of Manchester. During my time with 
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Staffordshire University I was very involved in promoting that 
institution’s pioneering commitment to enterprise, which included 
three business villages at each of its then three main campus sites, 
based at Stoke-on-Trent, Stafford and Lichfield. Enterprises based 
in these incubator communities, many of which were set up by 
Staffordshire graduates, ranged from multi-media companies and 
filmmakers to electronics spinouts and even financial advisers. I 
personally worked with a number of the media and web companies as 
we looked to augment the university’s own in-house communications 
function by commissioning the services of homegrown graduate 
talent in filmmaking and digital expertise.
 To attract and nurture even more high-tech and innovative 
businesses to the city-region an ambitious step change came in 
the shape of the £282 million University Quarter (UniQ) initiative, 
which was led by the university in partnership with the local city 
council and Stoke-on-Trent’s two FE colleges. The three education 
institutions were all situated within close proximity and therefore 
provided a focus for the UniQ project which aimed to rejuvenate an 
inner-city area of Stoke-on-Trent by creating an integrated learning 
community with a remit to drive up regional aspirations and skills 
to then create a talent supply to feed new high-tech starts-ups or 
innovative businesses. As the communications lead for the UniQ 
partnership I facilitated the engagement with internal stakeholders 
within the partnership—but the critical breakthrough came after 
persuading the then university secretary Bill Rammell [and later 
the Vice-Chancellor of the University of Bedfordshire] to visit the 
proposed UniQ site. This excursion paid dividends, because soon 
after Mr Rammell’s fact-finding tour the project quickly received 
regional development agency funding to kick-start work on the 
University Quarter. From this starter funding the project soon 
gained momentum and has since developed into an award-winning 
community campus that has significantly contributed to renewal in 
this inner-city area.
 At Birmingham City University (BCU), I was part of the award-
winning Birmingham Made Me campaign to support the University’s 
corporate ambitions to build a reputation in “innovation, design, 
invention and manufacturing” that was strongly anchored to ‘Place’. 
The West Midlands is associated with a diverse range of makers 

The Tipping Point
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that are each associated with iconic products, such as Jaguar Land 
Rover, AGA Rangemaster Group, Morgan Motor Company, Pashley 
Cycles, ACME Whistles, Emma Bridgewater, JCB, Dunlop, Triumph, 
Vax electrical goods-maker, and Brooks England, the bicycle saddle-
makers [5]. These businesses would all become associated with 
the Birmingham Made Me project which was the brainchild of 
West Midlands’ businesswoman and politician Beverley Nielsen 
who recognised that successful brands were built on the symbiotic 
relationship with manufacturing innovation and good design. 
“Manufacturing is often a very visual business and you have to work 
with all sorts of different creatives,” explained Beverley. Through 
her leadership role at Birmingham City University—Beverley is 
an Associate Professor and Director at the IDEA Institute, which 
works with local start-ups to bring them to market—I became the 
communications lead for the project’s original launch campaign, 
an exciting role which included stakeholder engagement, events 
promotion and media relations. The Birmingham Made Me brand 
would go on to to include a jobs fair, entrepreneur pop-up shops and 
high profile expos that showcased the best in the region’s design-
led manufacture. In the initial phases of the project the priority was 
to galvanise support among key stakeholders in the city-region, 
including civic leaders, such as Sir Albert Bore, then leader of 
Birmingham City Council, and Jerry Blackett, CEO of Birmingham 
Chamber of Commerce, as well as building government-level 
contacts with contacts at the Department of Business Innovation 
and Skills [now the department for Business, Energy and Industry 
Strategy]. National and local decision-makers were linked in 
with the region’s business and academic leaders through a mix of 
activities, including sponsored expos and presenting a policy ‘white 
paper’ on the need for government to invest in the UK’s design 
led-manufacture as part of the ‘real economy’ entitled ‘Looking for 
Growth: Sack the Economists Hire A Designer’ [6] at a fringe event at 
the 2012 Conservative Party Conference. This work was supported 
by the advocacy of influencers, such as economist Vicky Pryce, the 
former Joint Head of the United Kingdom’s Government Economic 
Service. Through the management of this network it then became 
possible to articulate how design-led manufacture was crucial to the 
success of the West Midlands economy, including the vital role of 



9

knowledge partners such as Birmingham City University who could 
provide creative innovation and a supply of talented and relevantly 
skilled graduates. The Birmingham Made Me proposition was also 
successfully pitched to regional and national media. For example, 
we successfully placed Beverly Nielsen and other BCU innovation 
experts on high profile news slots on BBC Radio 2, BBC Radio 4 and 
the BBC news flagship Newsnight.
 I joined The University of Manchester in 2013 in a 
communications and marketing role which led to supporting the 
University’s proposition around advanced materials as part of the 
corporate beacons campaign (see Chapter 10). This in turn led me 
to meet James Baker in his role heading the team that was dedicated 
to the commercialisation of graphene and 2D materials. Graphene’s 
commercialisation has not only become part of the University’s 
“economic mission” but is also shared with the city-region. As a 
consequence, the advanced materials communications function has 
gone way beyond the confines of our campus to include working 
closely with regional civic partners like MIDAS, Greater Manchester’s 
own inward investment agency, and the office of the elected mayor 
Andy Burnham and the Greater Manchester Combined Authority, 
which has placed graphene into its Local Industry Strategy (see 
Chapter 7). Graphene is also championed at a national level by the 
UK government, in particular the Department of International Trade 
(DTI), which has profiled graphene as the latest icon of innovation in 
Britain’s long history of applied science and invention.
 This shared advocacy of graphene’s scientific and economic 
potential means the University gets a bigger bang for its buck in terms 
of promoting its most iconic of research assets. This is an enviable 
position to be in; but the challenge has been developing a single voice 
and much work in recent years has focused on developing a coherent 
lexicon of messaging and targeted communications to ensure that 
Manchester is recognised as the “home of graphene” (see Chapter 
10). The critical point I think would be relevant to the readers of 
this book is how careful and strategic management of Manchester’s 
graphene story has provided powerful leverage to help innovation 
leaders to drive forward the commercialisation ambitions for 
graphene. As Alan Ferns, former Associate Vice-President, says in 
Chapter 10:

The Tipping Point
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“Building profile with professional communications has opened up 
some funding opportunities and partnership opportunities that just 
wouldn’t have come. I don’t think that the politicians would have 
been interested if we hadn’t been telling the story in the right way, I 
don’t think some of the investors would have been interested unless 
it was something they wanted to attach their name to. I think [the 
communications around graphene] have played a big role.”

 Another interesting influence on the commitment to make 
graphene a commercial success was a story I first heard from 
Alan Ferns, who had worked hard to reconnect The University 
of Manchester to its almost forgotten heritage inventing another 
great innovation—the first modern computer by Tom Kilburn 
and his team of electrical engineers who were helped by pioneers 
like Alan Turing. This innovation was translated into a regionally-
based computer industry—but over the decades this UK sector was 
to be eclipsed by computer innovation led in America and Japan. 
Can a lesson be learnt as we reach the tipping point in graphene’s 
commercialisation? I believe this book provides the answer.
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