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Introduction

DO SOMETHING DIFFERENT

---our disabilily is discuwrsive: we simply do not know how fo talk about things
Ly ReTe.

Tory Jude (2010, 34)

A Dscursive Batde

INever maore than today is it necessary to question the role of the State
in the economy — a burning issue since Adam Smith’s dn faguiry into the
Nature and Causes of the Wealth of Nations {Smith, 17761 This is because
in most parts of the world we are witnessing a massive withdrawal of
the State, one that has been justified in terms of debt reduction and -
perhaps more systematically — in terms of rendering the economy more
‘dynamic’, ‘competitive’ and ‘innovative’. Business is accepted as the
minovative force, while the State is cast as the inertial one ~ necessary for
the ‘basics’, but too large and heavy to be the dynamic engine.

The book is committed to dismantling this false image. In the same way
that Mexico was stolen from California and Texas through the purposefut
fabricated image of the “lazy Mexican’ under a palm tree {Acuiia 1976), the
State has been attacked and increasingly dismantled, through images of its
bureaucratic, inertial, heavy-handed character. ¥While innovation is not the
State’s main role, illustrating its potential innovative and dynamic character —
its historical ability, in some countries, to play an enfreprencurial role in society —
i5 perhaps the most effective way to defend it existence, and size, in a
-proactive way Indeed, in J§ Frer the Lond, Tony Judt (2010) deseribes that
the attack on the welfare state, over the last three decades, has involved
a “discursive’ battle — changimg the ways we talk about it — with words
like “administration’ rendering the Srate loss important and adventurous,
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Tlees ek secks Lo clionge leny we walk alowl the St chisrmaniling the
icleological stories and inages - separating evidence from liclion,

This work is based on a revised and significant expalsion ol a report
['wrote tor DEMOS, a UK -based think tank, on The Entrepreneurial State,
Unlike a more traditional academic picce of writing — that can 1ake
vears from start to Guish — { wrote the DEMOS work in a styvle similar
to the political pamplilets of the 1800s: quickly, and out of a sense of
urgency. [ wanted to convince the UK government to change strategy: to
nat cat State programmes in the name of making the economy ‘rore
competitive” and mose ‘entreprencurial’, but to reimagie what the State
can and must do to ensure a sustainable post-crisis recovery. Highlighting
the active role that the State kas played in the ‘hotbeds’ of innovation
and entreprencurship - like Silicon Valley - was the key to showing that
the State can not only facilitate the knowledge cconomy, but actively
create it with a bold vision and rargeted investment.

This expanded version of the IMEMOS report imore than double
its size} builds on that initial research and pushes it harder, drawing
out further implications at the firm and sectoral level. Chapter 3,
dedicated entirely to Apple, looks at the whole span of State support
that this leading ‘new economy” company has received, After looking
at the le of the State in making the most courageous investrments
behind the Internet and I'F revolution, Chapters 6 and 7 look at the
next big thing: ‘green’ technology. Unsurprisingly we find that across
the globe the countries Jeading in the green revolution (solar and wind
energy arc the paradigmatic exampics explored) are those where the

tate is playing an active role beyond that which 1s typically attributed
to market failure theory And the public gector organizations invobved,
such as development banks in Brazit and China, are not just providing
countercyclical lending (as Keynes would have asked for), but are even
‘directing’ that lending towards the mest innovative parts of the ‘oreen’
economy. Ouestions about whether such ‘directionabity” should raise the
usual worries about the State’s inability 1o “pick winners’ are confronted
head on — demystifying old assumptions. The book also looks more
explicitly at the collective group of actors that are required to create
innovation-led growth and questions whether the current innovation
‘ecosystem’ s a functional gpmbiafic one or a dysfunctional parasitic one.
Can a nonconfident State cven recognize the difference? Chapters 8
and & go deeper into this question by asking how we can make sure
that the distribution of the renuus {rewardst generated from active
State investrnents in innovation are just as social as the risks taken.

[T N 3

[ndeed, some ol the very criticisms that lve secenth heen directed at
the banks (socialization of risk, privatization of rewards) appear to he
just as relevant in the ‘real® innovation economy,

The reason I cali, both the DEMOS report and the current book, the
‘catrepreneurial’ State is that entrepreneurship - what every policymaker
today seems 1o want to encourage — is not (just) about start-ups, venture
capital and “garage tinkerers’. It is about the willingress and ability of
economic agents to take on risk and real Akdghtian uncertainty: what is
genuinely unknown.' Attempts at innovation usuaily fail — otherwise it
would not be called ‘innovation’. This is why you have to be a bit *crazy’
to engage with innovation. .. it will often cost you more than it brings
back, making rraditional cost-benefit analysis stop it from the start. But
whereas Steve Jobs tatked about this in his charismaric 2005 Stanford
lecture on the need for innovators to stay ‘hungry and foolisly’ {Jobs
20305}, few have admitted how much such foolishness has been ‘sertously’
riding on the wave of State-funded and -directed innovations.

The State... ‘footishly’ developing innovations? Yes, most of the
radical, revolutionary innovations that have fuelled the dynamics
of capitalism -~ from railroads to the Internet, to modern-day

nanotechnology and pharmaceuticals — trace the most courageous,
early and capital-intensive ‘entrepreneurial’ imwvestments back to the
State. And, as will be argued fully in Chapter 3, all of the technologies
that make Jobs® il*hone so “smart’ were government funded {Internet,
GPS, touch-screen display and the recent SIRI voice activated personal
assistani). Such radical imvestments — which embedded extreme
uncertainty — did not come about dee to the presence of venture
capitalisis, nor of ‘garage tinkerers’. It was the visible hand of the State
which made these innovations happen. Innovation that would not have
come about had we waited for the ‘market’ and business o do it alone —
op government o simply stand astde and provide the basics.

Beyond Fixing Failures

Bat how have economists talked about this? They have cither ignored
it or talked about it in terms of the State simply fixing ‘market failures’.
Standard economic theory justifics State intervention when the social

1 “Enightian uncertainty’ refers 1o the “immeasurable’ risk, i.e a risk thae cannot
Le calculated. This economnic concept is named after University of Chicago
coonomist Frank Ruight {1885-1972), who theorized about risk and uncertainty
and their differences m cconomic erms,
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reewrn o dwestiment is higher than the Privale retarn - masking b
wilikely that a private business will iovest. From cleaning wp pollulion
e negative “oxternality’ not included in campaties” costs] e fmding
lzesic research {a *public good® difficult to appropriate). Yet this explaing
less than one-quarter of the R&D investments made in the LSA. Big
visionary projects — bike putting “a man on the maet’, or creating the
vision behind the Internet ~ required much more than the calculation
of social and private returns (Mowery 2010),

Such challenges required a vision, a mission, and most of all coifidernce
about what the State’s role in the econormy is. As cloguently argued
by Keynes in the The Fnd of Laisrez faire (1926, #0), "The important
thing for Government is not to do things which individuals are doing
atreacy, and to do them a little better or a littie worse; but o do those
things which at present are nol done at all.” Such a task requires vision
and the desire to make thangs happen in specific spaces — requiring not
fust bureaucratic skills {though these are critical, as pointed out by Adax
Weberf! but real technology-specific and sector-specifie expertise. It is
only through an exciting vision of the State’s role that sueh expertise
can be recruited, and is chen able to map out the landscape in the
relevant space. Indeed, a key part of DARPAs secret’ — the agency that
invented asd commercialized the Internet sithin the US Department of
Befense (examined in Chapter 4} - has been irs ability to attract talent
and create excitemnent around specific missions. And it is no coincidence
that a simnilar agency in today’s 1S Department of Encrgy, ARPA-E,
1s not only leading TS green jnvesimens, but also having fun on the
way (welcoming the tial and error process in energy research rather
than fearing it} and atiracting great braius in energy research (Grunwald
2012

While many of the examptles in the book come from the US —
purposely to show how the country that is often argued o most
represent the benefits of the “free-marker system’ has one of the most
Interventionist governments when it comes to innovation — modern-
day cxamples are coming more from ‘emerging’ countrics. Visionary
investments are exemplified today by confident State invesunent banks
it countries like Brazil and China — not only providing countercyelical
tending but also directing thart tending 1w new uncertain areas that private

2 Dvansand Rauch{[99%) show, for instance, that 2 Weberian-1ype Stateburcaucracy
that ctoploys weritocratic reoruitment and offers predicrabie, rewarding long-
teroy careers enbances prospects for groneb, even when controliing for initial
levels of GIYP pex capiia and human capital.

(RN RS E R L BN a

Brattks and ventere capiteabists VORI Tear Ancd here oo, ke in TR PAL
cxpertise, talent and vision mater o Brazil, it is oo cobiidenee 1l
BXDES, the State nvestiment bank, Is run by two individoals whose
Lackground is Schumpeterian innovation economics - awd it is (leeir
team of experts that liave allowed the bold risk eaking in key uew sectors
fike biotech and cleantech to occur. The bank is today carning record-
tevel returns in productsve, rather than purely speculative, investrhens:
in 2810 its refurn on eguity was an astounding 21.2 per cent (reinvested
by the Braziban Treasury in areas like health and education) while that
of the World Bank’s eguivalent organization, the International Bank
for Reconstruction and Development (IBRD), was not even positive
{—2.3 per cent]. Equally, it is the Chinese Development Bank that is today
leading the country’s investments in the green economy [Sanderson and
Forsythe 3312} While the usual suspects worry that these public banks
crowd out” private lending {FMrancial Tames 2312}, the truth s that these
banks are operating in sectors, and particular areas within these sectors,
that the private banks fean It is about the State acting as a force for
Innovation and change, not enly ‘de-risking” risk-averse private actors,
but also boldiy leading the way, with a clear and courageous vision —
exactly the opposite image of the State that is usually sold.

From ‘Crowding In’ to ‘Dynamizing In’

And this is the punchline: when organized effectively, the State’s hand
is firm but not heavy, providing the vision and the dynamnic push ias well
as some ‘nudges’ - though nudges dor™t get vou the 1T revolution of
the past, nor the green revolution today) to make things happen that
otherwise would not have. Such actions are meant to increase the
courage of private business. This requires understanding the State as
neither a ‘meddler” nor a simple ‘facilitator’ of economic growth. Itisa
key partner of the private sector — and often a more daring one, willing
to take the risks that business won't. The State cannot and should not
bow down easily to interest groups who approach it to seek handous,
rents and unnecessary privileges like tax cuts. It shoutd seek instead for
those interest groups to work dynamically with it in its scarch for growth
and technological change.

Understanding the unique nature of the public sector — as maore than
an inefficient “social” version of the private sector — impacts the naure
of the public-private collaborations that emerge, as well as the ‘rewards’
that the State feels justified to reap fan area I focus on in Chapter 9.
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A cntreprencueinl Stae does et voly “derisk” 1he private secren, bt
ervisiens Lhe risk space and operates boldly aud ellectively within 2 1o make
tings happen. Todeed, where vot conlident, 31 3s meore likeby that the Seate
will get “captured’ and bow to private interests. When not taking a deading
rofe, the State becomes a poor imitator of private sector Lehaviours, rather
than a real alternative. And the usual eriticisms of the Siate as slow and
bureaucratic ave more likely in countries that sideline it 1o Play a purely
fadmirstrative” role.

So it 15 a seliHulililing prophecy to teat the State as cumbersonie,
and onfy able to correct ‘market failures’. Who would want to work in
the State sector ' that is how it is described? And is it a coincidence
that the *picking winners' problem — the fear that the State is unable to
make bold decisions on the direction of change — is discussed espectally
in countries that don'’t have an entreprencurial vision for the Srtate,
Le. countries where the State takes a backseat and is then blamed as
soon as it makes a mistake? Maior sociveconomic ‘chalienges” such as
climate change and ‘ageing’ require an acrive State, making the need
for a better understanding of its role within public -private partnerships
maore important than ever (Foray et al. 20123,

Images Matter

The cover of this book shows a face of a lion and a pussycat. Which

one has "animal spirits” {Keynes’s famous expression) aned which one is.

domesticated and ‘lags’ behind due to passivity? Which is the State?
Which s business? This might be an exaggerated dichotormy but it is one
that needs consideration because, as I will argue, we are continuously
fed the image of just the opposite: a roaring business sector and purring
bureaucratic State sector. Even Keynes, in diseussing the volarilicy of
private business investment, fed this contrase by wlking about ‘animal
spirits’ as guiding business investment — the image of a roaring lion,

Bur in a secret leiter to Roosevelt he also talked about husiness as
‘domesticated animals’

Businessmen have a different set of delusions from politicians, and
need, therefore, different handling They are, however, much milder
thar politicians, at the same time allured and terrified by the glare
of publicity, easily persuaded to be “patriots’, perplexed, bemused,
indeed terrified, yet only too anxious to take a cheerful view, vain
perhaps but very unsure of themselbves, pathetically responsive to a

ITTREPEILCITEDN i

kinc word. You could do anyihing vou liked with thew, if you wouled
reat them jeven the big oncs), not as welves or tigers, but
as domestic animals by nature, even thougl they hasve beon
hadly brought up and rot trained as you would wish. Ft is a mistake
to think that they are more immoral than politicians. If you work
them inte the surly, obstinate, errified mood, of which domestic
animals, wrongly handled, are so capable, the nation’s burdens will
nat get carried to market; and in the end public opinion will veer
their wayv... (Keynes 1938, 607; emphasis added)

This vievs of business not as tigers and lions, but as pussvcats means that
the State is not only important for the usual Keynesian couniercyclical
reasons - stepping in when demand and livestment is too low — but also
at any lime in the business cycle to play the role of real tigers. Nowhere
is this truer than in the world of mnovation — where uncertainty is
so high. Indeed, the green revolution that is taking off in the world,
only happens to coincide with a crisis environment (and in oo the
government’s relevant investments reach much farther back in time).
But even i’ today were a boom period, there would not be enough
investments being made in radical green technologies were it not for the
State. Even during 2 boom most firms and banks would prefer to fund
towe-risk incremental innovations, waiting for the Siate to make its mark
n more radical aveas. But as with ail technological revolutions, green
technology requires a bold government 1o take the lead — as this was the
case with the Fnternet, biotech and nanotech.

Providing such leadership, the State makes things happen that
otherwise would not have. But whether this role is justified given the
characteristics of ‘public good” and the role of ‘externalities’ (both
critical to the market failure argument), or whether it is justified due
to a broader understanding of the State as a courageous actor in the
economic system makes all the difference. The former understanding
leads to discussions about the possibilities of the State ‘crowding out’ (or
‘crowding ia’) private investment, creating a narrow view of what the
State is and what policy options are acceptable (Friedman 1979, The
latter understanding leads to {more) exciting discussions about what the
State can do to raise the ‘animal spirits” of business — to get it to stop
hoarding cash and to spend it in new path-breaking areas. This makes
a big difference in how one imagines the policy “space’. For a start, it
makes the State less volnerable 1o hype about what the business sector
can {and does) do. It is indeed the weakest States that give in (the most) to
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the rhetorie thas what 3s needed are differens tpes of “lax culs” andd
chimination of regulatory ‘red wpe’. A conficken governniens recogtizes
fully thae the Dusiiess sector might “1alk’ shout e bt “walks’ 1o where
new technological and market opporlunities ave - and that this is strongly
correlated witly areas characterized by mator public sector investments.
Did Pfizer recently teave Sandwich, Kent (UK) to go to Beston in the
LS due to the later’s lower tax and lower regulation? O was it due to
the fact that the public sector Natonal Institutes of Health (NIF) have
been spending close 10 $30.9 billion per year in the £SA ([unding the
knowledge base on which private pharmaceutical firmis thrive?

In economics, the ‘crowding-cut’ hvpothesis 3 used to analyse
the possibility that increased State spending reduces private -business
investment, since both compete for the same pooi of savings {through
borrowing), which eught deen resuit in higher interest rares which reduces
the willingness of private Arms to borrow, and hence mwest. While
Keynesian analysis has argued against this possihility during periods of
underatitized capacity (Lenghelis 2071}, the point here is that even i fhe
borm (when in theory there is [ull capacity utilization}, there are in practice
many partsof the risk landscape where private business fears ireading and
government leads the way In fact, the spending that fed to the Internet
occurred mainly during boom times - as was the government spencing
that lead to the nanotechnology industry [Motoyama et al. 2001).

~ Thus a proper defence of the State should argue thatit notonly “crowds
in' private investiment (by increasing GIDP through the mubtiplier effect) -
a correce but hmited point made by Eevoestans — it does something
more. The way that Linterprer Judts clralienge is ehat we muse start using
new words to describe the State. Crowding in is a concept that — while
delending the public sector — 13 st using as a benchreark the negative: the
possibility that government investment crowds out private investment, by
competing for the same lmited amount of savings. IF we want to deseribe
something positive and vislonary, a word that 13 bolder and offensive,
not defensive, should be used, Rather than analysing the State’s active
role througly its correction of “market faifures” (emphasized by many
progressive’ cconomists who vightly see masny failures), 1t i necessary to
build 2 theory of the State’s role in sfgbing and creating markets — more
in line with the work of Kard Polanyi (1944) who emphasized how the
capitalist ‘market’ has lrom the stast been heavily shaped by State actions.
En innovation, the State not only ‘croawds i business irvesunent but also
‘dynamixes it it — creating the vision, the mission and the plan. This book
is comumitted to explaining the process by which this happens.

EXTTROIDLETTH o™ 1t

The book tries eo change e ways we Labk about e S, i order 1
exprancl our vision ol whal 30 can do - 0 takes on Juckls Siscersive” Batte.
irom an mertial boreaveratic ‘leviathan™ o 1he voery catalyst [ new
business imvestment; from market ‘fxer’ 1o markee shaper and ereator;
from simply *de-risking” the private sector, to welcoming and taking on risk
due to the epporiuities i presents fov foture growtl, Against all odds,

Structure of the Book

The ook is structured as fotlows:

Chapter | begins by confronting the poputar image of the State as a
bureaucratic machine with a different image of the State as lead risk taker,
The Stateis presented as an entreprencurtal agent — taking on the most risky
and uncertain iovestments in the economy:. Rather than understanding

tate visk taking throvegh the useal fens of “market failures™ — with the
State acting as an inert bandage for areas undersenved by the market — the
concept of its entrepreneurtal 1isk mking s mooduced, The State does
not ‘de-risk’ as if it has a “magic wand” ehat makes risks disappear. It fakes
ozt 1isks, shaping and creating new markets. The fact economists have no
words for this role has Hmited our understanding of the role the State has
played in the past — m areas like Siticon Valiey - and the role that it can
play in the future, In areas like the ‘green revolution™?

Chapter 2 provides background o the discussion by looking at haw
economists understand the role of innovation and technology in economic
growth, Whereas a generation ago, technological advance was seen as
something that was externally given in cconomic models, there is now
extensive Hierature o show that actually it is the rae — and direction —
of innovation that drives the ability for economies to grow. The chapter
Jjuxtaposes two very different frameworks for understanding the role of the
State in innovation-led growth — both framed in terms of diferent types of
failures’ that the State corrects, The first is the “market failure” approach,
in which the State is simply remedying the wedge between private and
social returns. Tlic second is the ‘systems of inmovation’ approach, which
looks at R&D spendmg in a more holistic way, as part of a systerm in which
knowiledge is not only produced but also diffused throughout an economy.

3 Contemporary political economises, such as Chang (2008} and Reinert (2007, whao
specialize in the history of economic policy do of course 1alk aboue the robe of the
State in promoting a ‘calching-up’ process, or i actively acting couutercyelicaliy:
Yoo these are more i lioe with a vicw of 1he State not as an coweprencurial risk
taker {of st vesort) st 2 more passive catrepreneur of last resort,
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Vet cven e elus seconc agpproacs the Stade s meindy lixing EBadlures, dlas Lo
swvaten Failures’ - with the conchusion being thae i s lacililatiag” innovation
By Coreiting the conditions’ loe it These frameworks have presided the
Justification for increased government spencling on inpovation, while at the
same tore — due to the lack of attention on the State as lead risk taker -
allowed cortainn myths to survise, These myths describe the relationship
between innovation and growth; the role of SMEs; the meaning of patents
in the knowledge cconormy; the degree to which venture capital is risk-
lowing; and the degree to which investment in innovation is sensitive to tax
cuts of ditterent kinds.

Chapter 5 presents a diflerent view, of an entreprencurial State
acting as a lead risk taker and market-shaper. FThas is net a substitute for
the view espoused in the other two frameworks, but 2 complement, and
one that by being ignored has caused policies informecd by the "failures’
approach w be limited in nature, and often more ‘idectogically’ driven.
Examnples are provided from the pharmaceuntical industry — where the
maost revolutionary new drugs are produced mainky with public, not
private, funds. I aiso examine the way i which venture capital has
‘sifed the wave' of State Investments in biotechnology.

Chapter 4 exemplifies the key points on the “entrepreneurial State’
by focusing on the recent industrial policy history of the US, and shows
that despite comunon perceptions, there the State has been extremely
proactive and entreprensurial in the development and commercialization
ol new technologies. Entuepreneurship by the State can take on many
forms. Four examples — the creation of the Defense Advanced Research
Projects Agency (DARPA}, the Small Business Innovation Rescarch
{(SBIR) prograrmme, the Orphan Drug Act of 1983, and recent
developments in nanotechnology — are used to iliustrate this point. it
huilds on the notion of the “Developmental State” {Biock 2008; Chang
I008; Johnson 1982) pushing it further by focusing on the type of risk
that the public sector las been willing to absorb and take on.

While Chapters 3 and 4 look at sectores, Chapter 5 focuses on the histary
of one particular company - Apple — a company that is often used to laud
the power of the market and the genius of the ‘garage tinkerers’ who
revolutionize capitalism. A company that s used to lustrate the power
of Schumpeterian creative destruction.” T turn this notion on its head,

4 Joseph Schumperer (1942 [2003]) referred o “creative destruclion’ as the process
Ly which innovation changes ke status que, allewing the marke) shares o licms
which ivroduce new products and processes Lo growg and those of the firms that
resist change o fall.

(BRI EL L SR T AN [l

Appde i far fom e ‘mweckes exaneple B3 olien wsed 1o clepict. BUis a
compraty that not only received carly stage finance lom the governmeny
ithrough the SBIC programme, which i related 1o de SBIR prograntne
discussed in Chapter 4], but akso ‘ingeniously” made use of peblicly funded
technology to ereate “smart’ procucts. In fact, there s uot a single key
rechnology beldnd the 1Phone that has not been State-finded. Besides the
corurunication technologies {discussed in Chageer 4), the iPhone is smart
because of features such as the Internet, GPS, a wucl-screen display,
and the latest new voice activated personal assistant {SERT)L While Steve
Jobs was no doubt an inspiring genivs worthy of praise, the fact that the
iPhone/iPad cropire was buikt oo these State-funded technologies provides
# far more accurate tale of technological and economic change than what
is offered by mamstream discussions. Given the critical role of the State
in enabling companies like Apple, 1t & especially curious that the debate
surrounding Apple’s tax avoidance has failed to make this fact move broadiy
known, Apple must pay tax not onby because it is the right thing to do, but
because it is the epitome of a company that requires the public purse to
be large and risk-loving enough 40 continue making the imvesiments that
cnirepreneurs like Jobs wili later capitalize on (Mazzucato 2013h)

Chapter § locks at the next ‘big thing” after the Internet: the green
resotutian, which is today being led 3 the State, just like the IT revolution
was. In 2012 China announced its plan to produce 1,000 GWs of wind
power by 2058. That would be approximately equal to replacing the
entire existing 1S elecuic infrastructure with wind turbines. Ase the US
and Europe still able to dream so big? It appears not. In many countries,
the State is asked to take a back scat and simply ‘subsidize’ or incentivize
ievesements for the private secton We thus fail to build visions for the fiture
similar tothose that two decades ago resulted in the mass diffission of the
Internet. The chapter locks at which countries in the world are leading
with a green vision, and the role of their States — and the ‘patient’ finance
supplicd by State development banks ~ in creating the “catalytical’ early,
and risky; investments necessary to make it happen.

Chapter 7 focuses on the role of the ‘entreprencurial’ risk-taking State
in launching specific clean techinologies, in this case wind turbines and
solar PV panels. It was State funding and the work of particular State
agencies that provided the initial push, early stage high-risk lunding and
institutional environment that could establish these important technotogies,
While Chapter 5 cmphasized the role of the US entrepreneurial State
in leading the IT revolution as well as in establishing the foundations of
the biotech industry, this chapter emphasizes the role of countries like
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Ciernwuey, ek aned Olsbng i tavcting the wrevn revolution s il
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Chagsters 8 mel 9 srgne thal once we aceept the role of (he Stale as
lead risk taker - beyvond the wsual marker fiwing” or “creating conditions’
approach - the question arises as to whether hiis role is represeited in
the risk-reward refationship. I so many cases, public investments have
become business giveaways, making individuals and their comganies ich
but providing ke (direct or indivect return to the econoimy or to the State,
This 1s most evident in the case of pharmaceuticals, where publicly funded
drugs end up being too expensive for the taxpayers fwho funded them!
purchase. It is also true in the case of 1T, where the State’s active risk-taking
investments have fuelled private profits, which are then sheftered and fail
o pay laxes back to the governments that supported them. Chaprer 8
illustrates this point focusing in on Apple. Chapter 9 considers the points
more genevally arguing that in 2 period of major cuthacks to reduce budget
deficits, it is more critical than ever to engage in a discussion of hew the
State can cnsure that its “visk taking” carns back a direct reruen, bevond
casily avoided taxation, Precisely because State investments are uncertain,
there Js a high risk that they wilt fail. But when they are successfid, it is nanve
and dangerous to allow all the rewards to be privatized. Indeed, criticism
of the financial sector for launching the current economic crisis, reaping
‘masseve private returns and then sockalizing risk through unpopular baitouts
iz & general and unpopular feature of dysfunctional modern capiralism
that should not become the norm,

Chapter 1) concludes by reflecting on how the core argument in the
bouk — the State as an active, entreprencurial, risk~taking agent - is not
always a reality, bat a possibility too often dismissedt. The “possibiliey” is
only realized once key assumptions are overturned., From how we envision
the State within its own organizations {encouraging departments in the
public sector to be entrepreneurial, including the need to “welcome” rather
than fear failure), 1o the relationship between the State and other actors
m the nnovation system (e.g by accepting ksell as a more active agent,
there will be many instances where the State’s role is less about "nudging’
and ‘incentivizing’ and more about “pushing’}. The State’s ability to push
ancd direct is dependent on the kind of talent and expertise it is able
attract. And the irony is that the later is more of a problem i countries
where the State takes a hack seat, only ‘administering” and not leading with
dynaric vision. Unless we challenge the numerous ‘myths’ of economic
development, and abandon conventional views of the Stare’s role in it, we
cannot hope to address the structural challenges of the twenty-first century
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nor produace the wehoological and orgaizional clatnge we need For
lesng-term sustainable and equitable greals,

Taken as a whale, the book provides a fidler underssuding ol the
public sector’s centrality to risk-taking activities and radical teclimological
change, esserial to promoate growth and development. Te offers a very
different description of the State from that envisaged sy present economic
policymakers, which tends to deny the State's leading role in innovation and
production, It alse challenges conventional industrial policy, which unduly
downplays its scope for pioneering and promoting new technologies. In
contrast, it describes scenarios where the State has provided the main source
of dynamismand innovation in advanced industrial cconomies, by pointing
out that the public sector has been the lead player in what is often referred
to as the “knowledge economy’ - an economy driven by technologicat
change and knowledge production and diffusion. From the development of
aviation, nuclearenergy, computers, the Internet, biotechnology, and today’s
developments in green technology, it is, and has been, the State - not the
private sector — that has kick-started and developed the engine of growth,
because of its willingness to take risks in areas where the private sector has
been too risk averse. In a political environment where the policy frontiers
of the State are now being deliberately rolled back, the contributions of
the State need to be understood more than ever Otherwise we miss an
opportunity o build greater prosperity i the future by emulating the
successiud public investments of ihe past,

What is needed s a flly-fledged understanding of the division of
innovative labour in capitalism {described in Chapter 1 below), and the
role that both the private and public sector play in creating, producing and
diffusing innovations. The book focuses on innovation not because this is
the only or most impottant thing the State can invest in. The State’s role in
guaranteeing basic human rights for all citizens — from public healthcare 1o
public education — as well as ereating the necessary infrastructure, legal and
justice systern that allows the economy to function properly are equally if
not move important activities. The focus on innovation is due in part to the
fact that it is a point of discussion where the State is most frequently attacked
for its role. While the role of the private sector has typically been hyped
up, the public sector’s role has been hyped down. The State is often being
cast as the problem, whether it #s investing in new technology or improving
rarket function. A key aspect of the challenge is therefore to rebalance our
understanding of how ecoromies really work, Onby once that is done can
we begin to formulate the kinds of policies that work, rather than reproduce
stereotypres and images which serve only ideological ends.



Chapter 1

FROM CRISIS IDEOLOGY TO
THE DIVISION OF INNOVATIVE
LABOUR

Covermmenty have aliways been lowsy ot picking wininers, and ey ave fikely fo
beconne more 5o, as legions of entregrensirs and Gnferery sivap designs onfine,
furit tham inte products af fome and maked them globally fiom o garage. As
the repoittion rages, govarnments should stick o the basics: betier schools for o
stctdleed eevrkforce, clear rules and a level flaving feld for enterprises of all Hnds.
Legue the rest to dhe vevointionaries,

Frononise {201 2)

Across the globe we are hearing thas the State has to be cut back in
order 1o foster a post-crisis recovery. The assumption is that, with the
State in the backseat, we unteash the power of entrepreneursship and
innowvation in the private sector. The media, business and libertarian
politicians draw from this convenlent contrast, and feed into the
dichotomy of a dynamic, innovative and competitive ‘revolutionary’
private sector versus a sluggish, burcaucratic, inertial, ‘meddiing’
public sector. The message is repeated so much so that it is accepted
by the many as 2 ‘common sense’ truth, and has even made many
believe that the 2007 financial crisis, which soon precipitated into a
full blown economic crisis, was cavsed by public sector deb, rather
than the truch,

And the language wsed has been forceful In darch 2001, UK
prime munster David Cameron promised o take on the ‘enemies of
enterprise” working in government, which he defined as the “bureaucrats
in government departments’ (Wheeler 2011 The rhetoric firs in
with the UK government’s broader theme of the Big Society, where
responsibility for the detivery of public services is shifted away from the
State to individuals operating either on their own or by coming together
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thromgh the thivd seeter wtls the Justiflication that sueh *lrecclom?® Mo
the Stare’s inlluence wilk reinvigorste sucl services, Fhe terms used, sueh
as ‘ree’” schools {the equivalent of charter schooks in the USAY imply
that by freeing schools from the heavy hand of the State, they will be
both more interesting o students and also run more efficiently.

The inereasing percentage of public services, across the globe,
that are beimg “outsourced’ to the private sector, is usually done using
precisely this ‘efficiency’ argument. Yet a proper tock at the real cost
savings that such outsourcing provides — especially taking into account
the fack of ‘guality contred” and absurd costs that ensue — is almost never
carried cut. The recent scandal where the security for London's 2012
Ciympics was outsourced 10 a company called G453, which then failed
due to utter incompetence 1o deliver, meant that the British Army was
called in to provide security during the Olympics. While the managers
of the company were ‘reprimanded’ the company today is stifl making
profits and outsourcing remains on the rise. Examples where outsourcing
is resisted, such as the BBCs choice 1o build the Internet platform for
its broadeasting, the iPlayer, in-house has meant that it has been able
to keep the BBC a dynamic innovative organization, that continues to
attract top talent, retaining its high market share in both radio and TV —
wihat public broadcasters in other countries can only dream of.

The view of the State as enemy of enterprise is a poine of view found
constantly in the respected business press, such as the Feonemdst, which
often refers to government as a ‘Hobbesian Leviathan® which should
take the back seat {Eronemist 2011a). Their prescription for economic
growth includes focusing on creating freer markets and creating the
right conditions {or new ideas to prosper, rather than taking 2 more
activist approach {Hronemist 2012). And i a recent special issue on the
green revolution, the magazine explicitly made the case, as quoted in
the beginning of this chapter, that while the government should ‘stick
ta the bastes’, such as funding education and research, the rest should
be left to the revolutionaries’, Le. businesses. Yet as will be argued in
Chapters 48, this revolutionary spirit is often hard eo find in the private
sector, with tlie State having to take on the greatest areas of risk and
unceriainty.

When not lobbying the State for specific types of support, established
business lobby groups — in arcas as diverse as weapons, medicine and
oil — have long argued for freedom from the long arm of the Srate,
which they see as stifling their ability o succeed through the trmposition
of ernplovee nighus, tax and regulation. The conservative Adam Smith
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fstitute argrees tlat ehe member of vegulators in dae UR showld
Le reduced o enable the British economy 1o “expericoce o burse of
innovation and growth’ (Ambler and BoyBeld 2080, -1 10 the USA,
supporters of the Tea Party movement arc uniled by o cesire w limie
State budgets and promote lree markets. Big pharmaceuticat companies,
which, as we will sce in Chapter 3, are some of the higgest heneficiaries
of publicly funded research, constantly argue for less regulation and
‘meddiing’ in what they claim s a very innovative industry

And ir the Enrozone

And, in the curozane, it is today argued that afl the ills of the *peripheral’
EU countries like Portugal and Italy come from having a ‘profligate’
pubilic secto ignering the evidence that such couniries are characterized
more by a stagnant publie sector which has not made the kind of strategic
investments that the more successful ‘core’ countries, such as Germany,
have been making fov decades (Mazzucaro 2011 2h),

The power of the ideology is so strong that history is easily fabricated.
A remarkable aspect of the financial crisis that began in 2007 was that
cven though it was blatandy caused by excessive private debt (mainly in
the US real estate market), many people were later led to believe that the
chief culprit was public debi. Tt is true that public secior debt {Alessandri
and Haldane 2009) rose drastically both due 1o the government-funded
bank baitouts and reduced tax receipts thar accompanied the ensuing
recession inmany countries. Bue it can hardiy be argued that the fnancial
crisis, or the resulting economic crisis, was caused by public debt. The
key issue was not the amount of public sector spending but the 1ype of
spending Indeed, one of the reasons that Iraly’s groavth rate has been so
low for the last £3 vears is not that it has been spending 100 nuch but that
it has not been spending enough in areas like education, human capital
and R&D. So even with a relatively modest pre-crisis deficit {around
4 per cent], its debt/GDP ratio kept rvising because the rate of growth of
the denominator in this ratio remained close to zero.

While there are of course low-growth countries with farge public debts,
the guestion of which causes which 1s highly debatable. Indzed, the recent
controversy over the work of Reinhart and Rogoll (2010 shows just how
heated the debate is. What was most shocking, however, from that recent
debate was not onky the finding that their seatistical work {published in what
is deemed the top economics journal] was done incorrectly (and recklessly),
but how guickly people had believed the core result: that debt above
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80 per cont o GLP seldl necessarily vtng dowas groavtd, The covollary
Boecame the now dogma: awsterity will vecessarily fand sullciengly) bring
Lk growrh. And yot there are many countries with bigher debe that Lave
growTl i a stable fashion (such 2s Canacda, New Zealand and Austrakia -
all ignored by deir results). Even more obvious is the poine thae whar
matters 15 surely not the aggregare size of the public sector, but what it
is spending on, Spending on useless paperweork, or kickbacks, is surely
not the same thing as spending on making a healthcare systemn more
Ranctional and efficient, or spending on top-guality education or ground-
Lreaking research that can [ue]l human capital formation and fsture
technologies. Indeed, the variabies that economists have tound to be
important for growth —such as education and research and development -
ave expensive, The fact thas the weakest countries in Europe, with high
debt/ GDP ratios, have been spending very lietle in these areas {thus
causing the denominator in this rado to suffer] should not come as a
surprise. Yet the austerity recipes that are currently being forced on them
will make this problem only worse.

And this is where there is a sell-[ullilling prophecy: the maore we talk
down the State’s role in the economy the less able we are to up its game
and make it a relevant player, and so the less able it is to attract top
talent. Is it a coincidence that the US Department of Energy, which
is the lead spender on R&D in the US govermment and one of the
lead spenders {per capita) on energy research in the OECD, has been
able to attract a Mobel Prize—winning physicist to run 162 Or that those
countries with much less ambitious plans for government organizations
are more susceptible to crony-type prometions and littie expertise within
ministries? Of course the problem is not simply of “expertise”, but the
ability to attract it is an indicator of the importance it is given wichin
public agencies in a given couwrutry.

State Picking Winners vs. Losers Picking the Staie

We are constantly told that the State should have a limited role in the
‘economy due to its inability to pick winness’, whether the “winners’ are
new technclogies, economic sectors or specific firms. But what is ignored is
that, in many of the cases that the State “Tailed’, it was uying to do something
rmuch more difficult than what many private businesses do: either trying to
extend the period of glory of a mature industry (the Concorde experiment
or the American Supersonic Transport project), or actively trying 1o daunch
a new technology sector {the Internet, or the FT revolution].
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Operating io such dillicult tervitory makes she probabiiio: of il
muech higher Yer Iy constandy Dashing the State’s E]l]i“l}.’ e b oan
elloetive and innovative agenl i sociedy, oot oy lave we e casily
Llamed the State for some of its failures, we lave also vot developed the
accurate merrics needed o judge ats investments firly Public venture
capital, for example, s very different from private venture capital It is
willing to 1ovest in areas with mach higher visk, while providing greater
patience and lower expectations of future returns. By definition thisis a
more difficult situation, Yet the returns to public versus private ventare
capital are compared witlout taking this difference into accoune.

Ironically, the mability of the State to argue its own position, 1o
cuplatn its role iy the winners that have been picked (from the Internes o
companies like Apple} has made it casier to criticize it for its occasional
frilures fe.z the Supersonic Transport project). Or even worse, it has
responded to oriticism by becoming vulnerable and timid, easily ‘captured’
in lobbics secking public resources for private gain, or by pundits that
parrat the “myehs’ ahout the origins of economic dynamisme.

Inthelate 1970s capital gains taxes fell sigaificanthy fellowing tobbying
eflorts on behall of the US venture capital industry {Lazonick 2009, 733,
The lobbwists argued before the government that venture capitalists had
funded both the Internet and the early semiconductor industry, and that
without venture capitalists innevation would not happen. Fhus the same
actors whe rode the wave of expensive State investrnents in what would
later become the dot.com revolution, successfitlly lobbied government to
reduce their taxes. In that way the government’s own pockets, so critical
for funding innovation, were being emptied by those who bad depended
on it for their success.

Furthermore, by not being confident of its own role, government
has been easity captured by the myths describing where mnovation
and entreprencurship come from. Big Pharma wies o convince
govermment that it is subject to too much: regulation and red tape, while
it 13 simultancously dependent on government-funded R&D. Small
business associations have convinced governments in many Countries
that they are underflunded as a category, Yet in many countrics, they
receive more support than the police force, without providing the jobs
or nnovation that helps justify such suppore (Hughes 2008; Storey
2006). Had the State better understood how its own investments have
ted to the emergence of the most successful new commpanies, like Google,
Apple and Compadg, it would perhaps mount a stronger defence against
such arguments.
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Bart the Stae has net hagd 2 good orvkcing S conunenicatiens
department. Imagine how maoch casicr Prosident Barack © s ligta
for US national lrealthcare policy wowld hane been iF the LS Jreapeibieticsn
knew the imporrant role that the US governiment had in funding the
mast radical new druge in the indusiry {liscussed in Chaprer 31 Flus s
not ‘propaganda’ - i's raising awarencss abour Listory of technology
In health, the State has not ‘meddicd” but created and innevated. Yet
the story told, and unfortunately believed, is one of an innovative Big
Pharma and a meddling government. Getting the {complex) history
right 1s important for many veasons. Indeed, the high prices charged for
drugs, whether they are subsidized by the State or not, are Justrfied by
the mdustry with their alleged “high R&I costs’. Unecovering the ruth
not only helps governmest policies to be beter designed but also can
hetp the “market” system work better,

The emphasis on the State as an entrepreneurial agent is not of
course meant to deny the existence of privaie sector entreprenszurial
activity, from the role of young new companies in providing ihe
dynamism behind new sectors {e.g. Google), to the important source
of funding from private sources bike venture capital. The kev problem
is that this is the ondy story that Is wsually told. Silicon Valley and
the emergence of the biotech industry arc usually atiributed to the
geniuses belund the smrall high-tech firms like Facebook, or the
plethora of small biotech companies in Boston (US) or Cambridge
{UK}. Lurope’s ‘lag’ behind the ¥SA iz ofien ateributed to its weak
venture capital sector. Examples from these high-tech sectors in the
USA are often used to argue why we need less State and more market:
tipping the balance in favour of the marker would 2llow Europe to
produce its own ‘Googles’. But how many people know that the
algorithm that led to Google’s suceess was funded by a public sector
National Science Foundation grant (Battclle 280517 Oy that molecular
aniihodies, which provided the foundation for histechnology before
venture capital moved into the sector, were discovered in public
Medical Research Council (MRC) labs in the UK? How mauy people
realize that many of the most inuovative young companies in the
US were funded not by private venture capital but by pubfic venture
capital, such as that provided by the Small Business Innovation
Research (SBIR) programme? '

Lessons from these expericnces ave important. ‘FThey force the debate
to go beyond the role of the Stare in stimulating demand, or the worry
of “picking winners’, What we have insicad is a case for a wargeted,
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proactive, enlrefmeneuried Slale, oue able to ke visks and creane o highly
netwerked syseem ol actoes that harness the hest ol e prrivile secEor
Ll the national gond over a mediam- {o long-torm time ladeon, [ is
the State acting as fead investor and catalyst which sparks the pelwvark
eo awct and spread knowledge. The State can and does act as creator, not
just [acilitator of the knowledge cconomy:

i Arguing for an entrepreneurial State is not ‘new’ industrial policy
because it s in Face what has happened. As Block and Keller (2011, 933
Lave explained so well, the indusirial directives of the State are “hidder?
primarily to prevent a backlash from the conservative right. Evidence
abounds of the State’s pivotal role inthe bistory of the computer industry,
the Interoet, the pharmaceutical-biotech industry, nanotech and the
cmerging green tech sector I all these cases, the State daved to think —
against zil odds — about tie “impossible’: creating a new technologicat
opportunity; making the initial large necessary investments; enabling a
decentralized network of actors to carry out the risky research; and then
allowing the development and commercialization process o ocour ina

chvnamic way

Beyond Maxkei Failures and System Failures

Economists willing to admit the Siate has an important role have often
argued so using a specific framework called *market failure’. From this
perspective the fact that markets are ‘imperfect’ is seen as the exception,
wiich means that the State has a role to play - but not a very interesting
one. Imperiections can arise for vartous reasons: the unwillingness of
private {firms to inwvest in areas, like basic research, from which they
cannot appropriate private profits because the results are a “public good’
accessible o ail firms (results of basic R&D as a positive externality),
the fact thae private firms do neot factor in the cost of their pollution in
setting prices (pollution as a negative externality)y; or the fact thae the
risk of certain rvestments is too hugh o any one firm to bear them all
alone (feading to Incomplete markets). Given these different forms of
market faiture, examples of the expected role of the State would include
publicly funded basic research, taxes levied on polluting firms and public
funding for mfrastructure projects. While this framework is usefut, it
cannot explain the “wislonary' strategic role that government has played
i making these nvestments. Indeed, the discovery of the Internet or
the emergence of the nanotechnology ndustry did not occur because
the private sector wanted something but could net find the resources to
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mvest iois Both happencd duee (o the vision U the governeent bad in

an area that had zol ver been fathonted Jay (he Privade sector Dvew aller

hese new wehnologies were inlrodueed by governmenty, the privace
seeten stlf was oo seaved to invest. Government cven bael 1o suppott the
conunercialization of the Internet. And it took years [or private venture
capitalists to start financing biotech or nanaorech companies. Ie was -~ in
these and many such cases — the State thae appeared o have the most
aggressive ‘animal spirits’.

There are many counterexamples that woulel characterize the State
as {ar from an ‘entreprencurial’ force. Developing new technologies and
supporting new industries is not the only important role of the State, after
all. But admitting the instances where it has plaved an entrepreneurial
rode wilt help infbrm policies, which are too often based an the assumption
that at most the Staie’s role is to correct macket Gilures or Seilitate
pmeovation for the ‘dynamic® private sector. he assimptions that all the
State has to do is to ‘nudge’ the private seclor in the right direction; that
{ax credits will work because business is eager o invest in innovation,
that removing ebstactes and regulations is necessary; that small firms —
stmiply due to their size — are more flexible and entreprencurial and
should be giverr direct and indivect suppory; hat the core problem in
Europe is simply one of ‘commercialization’ - are all myths. They
are myths about where entrepreneurship and innovation come from.
They have prevented policies from being as effective as they could be
i stimutating the kinds of innovation that businesses would not have
attempted on their own.

The Bumpy Risk Landscape

As will be explained in more detail in the next chapter, innovation
ceconomists from the ‘evolutionary’ tradition (Nelson and Winter
E352) have argued that systems’ of innovation are needed so that new
knowledge and innovation can diffuse througlut the cconoy, and thar
sisfems of innovation {sectoral, regional, national; require the presence
of dynamic links between the different gefors (firms, financial nstitutions,
research/education; public sector funds, intermediary institutions, as
well as horizontal links within organizations and mstitutions (Lundvall
1992; Freeman 1995 What has been ignored even in this debate,
hosvever, is the exact role that each actor realistically plays in the *humpy’
ang complex risk fandscape. Many ervors of current innovation policy are
due 10 pracing actors in the wrong part of this landscane (hoth in thoe
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ancl space]. B cxample, iU s wnee Lo oxpeel venguee capttal o beack i
the carly and mest risky stage of aoy new ceomomic seetor today such s
clean techrologyl. In Botechnology, nanowechnotogy snd the foterner,
venture capitat arrived 15--20 years qffer the most imporant iovestments
were made by public seceor funds,

In fact, history shows that those arcas of the risk landscape {within
sectors at any point it time, or at the start of new sectors; that are defined
by high capital intensity and high teehnological and market risk tend to
he avolded by the private secton, and have required great amounts of
pablic sector funding (of different tvpes), as well as public sector vision
and leadership 1o get them off the ground. The Seate has heen behind
most technological revolutions and periods of long-ran growth. This is
winy an “enlreprencurial State” is needed 1o cngage in risk taking and the
creation of a new vision, rather than just fixing market failures.

Not understanding the role that different actors play makes it easier
for government io get ‘eaptured’ by special interests which portray
their vole in a rhetoricat and ideolagical way that lacks evidence or
reason. While venture capitalists have lobbied hard for lower capital
rains taxes [mentioned above), they do not make their itvestments in
new techaologies on the basis of tax rates; they make them based on
perceived risk, something typically reduced by decades of prior State
investment. Without a better understanding of the actors involved in the
innovation process, we risk atlowing a symbiotic innovation system, in
which the State and private sector mutuatly benefit, to transform into a
parasitic one in which the private sector 1s able to leach benefits from a
State that it simulianeously refuses to finance.

Syvmbiotic vs. Parasitic Innovation "Ecosysiems?

[t 33 now common to talk about inrovation ‘systems’ as ‘ecosystems’,
Indeed it seems to be on the tongue of many innovation specialists and
policymakers. But how can we be sure that the innovation ecosystem is
one that results in a genbiofc relationship between the public and private
sector rather than a parasiic one? That s, will Increased investments
by the State in the inncvation ccosystermn cause the private sector to
trrvest less, and use its retained earnings to fund short-term profits (via
practices like “share buybacks”, or more, in riskier areas like human
capital formation and R&IL, wo promote long-term growth?

Ulsually a guestion like this might be framed in termms of the ‘erowding-
out” concept. Crowding our is a hypothiesis in economics that says that the
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dhenger o State iovestmen is that it uses wp savings thal coulel luwe bheen
uscel by ehe privale sector e s owe imvestimend plans (ricdman 1979,
Beynesiang have zrgued against e idea thar Siae spending croweds out
private Bvestrent, iy emphasizing that this would only hold it a Peviod
of fitlt respurce utilization, a state that hardly ever occurs. However, the
issues raised in this book present a different view: that an entreprensurial
State invests in areas that the private sector would not invest even i it had
the resources. And it is the courageous risk-taking visionary rofe of the
State which has been ignored. Business investrent is mainky Hmired not
by zavings but by its own lack of courage (or Keynesian ‘animal spirits™ -
the *business as usual’ stace of mind. Indeed, firm-level studies have shown
that what drives entry belaviour into industries {companics deciding to
move into one particular sector} are not existing profits in that sector but
projected technological and inarket oppariunitics (Dost et al. 1997). And
sucl: opportunities ave linked to the amount of State investment in those
areas.

But what if that potentially sourageous aspect of the private sector
is diminished precisely because the public sector fills the gap? Rather
than framing the question in terms of ‘crowding oue’, { believe we must
frame it fn such a way that results in building private—public partnerships
that are more symbiotic and less parasitic. The problem is not that the
State has financed too much innovation, making the privaie sector less
ambitious, [t is that policymakers have not been ambitious errough to
demand that such support be part of a more collaborative effost in which
the private sector also steps up to the challenge. Instead big R&D labs
have been closing, and the R of the R&D spend has also been falling,
with BERD {business expenditure on R &1} falting i many countries like
the UK {Hughes and Mina 2011} While S:ate speading on RE&D and
business spending tend to be correlated (the rmer ups the game for the
fatter), it is important that pokicvmakers be more COnrRgeous — aot only
mn agreeing to ‘fund’ sectors but also in demanding that businesses in
those sectors increase their own stakes and commitment 1o movation.
A recent study by MIT claims that the current absence in the US of
corporate fabs like Xerox PARG (which produced the graphical user
interface technology that led to both Apple’s and Windows’ operating
systerns; and Bell Labs — both highly co-financed by government agency
hudgets — is one of the reasons why the US innovation machine is under
threat (MIT 2013).

- The problem is also evidenced in industiries, like plarmaceuticals,
where there s a irend of increasing public sector investiments in

Fatl
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R&D, white private scctor spescing s decreasing,. According 1o
Lawzonick and Tulam {20E2 the Nattonal Lastivanes ol Healtls {NTH;
luve spent more than 3300 billion over the last decade $5360.9 hillion
in 2012 alone), and become more involved in the 1D component of
R&D, meaning they absorb greater costs of drug developme such
as through clinical triats), while private pharmaceutical companies!
have been spending less on R&D overalt, with many shutting down
R&D labs aliogether. Of course the total R&D spent may be
increasing, because the development (I3} part is getting increasingly
expensive. But this hides the underlying issue. While some arcalysts
have justified the decreasing expenditure on research in terms of
low productivity of R&D (increased expenditures, not matched by
increased discoveries}, others, Hke Angell (1984, ex-editor of the AN

JFngland Fournal of Medicine), have been more explicit in blaming Big

Pharma for not deing irs share. She argues thai for decades the most
radical new drugs have been coming out of public labs, with private
pharma concerned meore with "me too’ drugs (slight variations of
exisiing drugs;y and marketing {see Chapter 3 for more details). And
in recent years, GEOs of large pharma companies have admitted
that their decision to downsize — or in some cases eliminate — their
R&D fahs is due 1o their recogaition that in the “open’ model of
innovation most of their research is obrained by small biotech
firms or public tabs (Gambardella 1993; Chine Brigfing 2012}, Big
Pharma’s focus is thus turned o working with such alliances, and
‘integrating” knowledge produced elsewhere, rather than funding
R&D internally.

Financialization

One of the greatest problems, whicl we return to in Chapter 9, has
been the way in which such reductions in spending on R&D have
coincided with an increasing ‘financialization” of the private sector
While causality may be hard to prove, it cannot be denied that at
the same time that private pharma companies have been reducing
the R of R&D, they have been increasing the amount of funds used
to repurchase their own shares — a strategy used to hoost their stock
price, which affects the price of stock options and executive pay

1 From new on “pharma’ will seler 1o plarmaceulical companics, and Big Pharma
the eop inernational pharina companics.
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linked o such options. Por esaoaple, in 20101, alorg with 36.2 illicne
pariet i clivideneds, Pliver veparchased $9 biliion in stock, eopuivalent o
Y gercont ol Its et reome and 99 per cont of s R&ED expendiiieres,
Amgen, the largest dedicated biopharma company, has repurchased
stock i every vear since 1992, for a wral of $42.2 billion through
20EE, including $8.3 billion in 201 1. Since 2002 the cost of Amgen’s
stock repurchases has surpassed the company’s R&1D cxpenditures in
cvesy yvear excepr 2004, and for the period 1992-2011 was equal to
Fully 113 per cent of R&D outtays and [i3 per cent of net income
(Lazomick and Tulum 2011} The fact that top pharma COMPARIES are
spending a decreasing amount of funds oa R&D at the same tme
that the Statwe is spending more — alf while increasing the amouat they

spend on share baybacks, makes this particutar innovarion ECOSVSiom .

el more parasiiic than symbiotic. This is not the ‘crowding out’
effect: tus is free-riding. Share buvback schemes boost stock prices,
benefitting senior executives, managers and investors that hold the
majority of company stock. Boosting share prices does not crease value
(the point of innovation), but facilitates its extraction. Shaveholders
and executives are thus ‘rewarded” for riding the innovation wave the

State created. In Ghapter 9 1 look more closely at the probiem of .

vatue extraction and ask whether and how some of the ‘returns’ from
muovation should be returned o the employees and State that are
abso key contrilmiors and stakeholders in the innovation process.
Unfortunately the same problem seems to be appearing in the
emerging clean technology sector. In 2014, the US American Enecrgy
Innovation Couneil (AEIC), an industry association, asked the LS
government (e increase lis spending on clean technology by tluee

tirmes 20 S16 billion annually, with an additional $1 billion given to the -

Advanced Research Projects Agency ~ Energy (Lazonick 20t le) O the
other hand, companies in the council have together spent $237 biffion
on steck repurchases berween 2001 and 2010. The major directors of
the ALIC come from companies with collective 2011 net incomes of
337 billion and R&D expenditures ol approximately 816 billian. That
they believe their own companies’ enormous resources are inadequate
to foster greater clean technology innovation is indicative of the State’s
role as the first dviver of innovation or of their own aversion to taking
o risks - or both.

Fhe problera of share buybacks is not isolated but rampant: in
the last decade, 5&P 500 companies have spent $3 trillion on share
buybacks {Lazonick 2812). The largest repurchasers (especially in oil and
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(b naceaeicals) chaio thar tlezois cdue ser the Sacle o 1w P TLIcs.
In Jact in many cases the most expensive (o cupital-inensive)
iMyUslmenis in hew opportiities such as medicine ol renewa e CHCTEY
Grrvestiments with bigh market and technological risk ave being macde by
the public sector {GWEC 248 2). This raises the question ol whetlher the
‘open innovation’ mode is becommg & dysfuncdonal model. As large
companies e increasingly relying on alliances with sall companies
and the public sector, the indicaton is that large players invest more
in short-run profit gains {through warket gimmicks) than long-run
investiments, [ return to this questdon in Chapters 9 and 10.

Now that new’ indusirial policy is back on the agenda, with many
nations rving o ‘rebalance’ thelr economies away [om finance and
towards ‘real’ cconomy seciors, it is tore lmportant than ever to
guestion exactly what this rebalancing will entail Mazzucato 201 2a)
While some have focused on the need for different types of private—
public partmerships that can foster innovation and economic groswth,
what I'm arguing here {and will focus en more in Chapters 8 and 9 &5
that we need to be more carefut to build the type of parinerships which
merease 1he stakes of all involved, and which do not lead to simitar
problems that the financialization of the economy led to: socialization
of risk, privatization of rewards.

The work of Redrik [2004) has been particulady important in
highlighting the need to rethink public and private sector interactions, and
o focus more on processes rather tian policy cutcomes. His focus is on
the types of exploratory processes that allow the public and private sectors
to fearn from each other, especially the opportunities and constraints that
cach face (Rodrik 2004, 3). He takes this to mean that the problem is
not which types of tools (R&D tax evedits vs. subsidies) or which types
of sectors to choose (steel vs. sofiware), but how policy can foster self-
discovery processes, which will foster creativity and innovation, While I
agree with Rodrik’s gencral point about the need 1o foster exploration and
trial and error {and this is in fact a core teret of the ‘evolutionary theory
of economic change’, which [ review in the next chapter), I believe that
the history of technological change teaches us that choosing particular
sectors in this process is absolutely crucial. The Internet would never have
happened without it being forceflully ‘picked’ by DARPA, and the same
lolds for nanotechnology which was picked by the NSF and later by the
IMational Nanotech Initative (both discussed in Chapter 4). And, most
importantly, the green revolution will net take oft until it #s firmly picked
and backed by the State (as will be discussed in Chapress § and 7
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Coming back o Keyness (19267 fundamcatal point about the
essertial vole of geveriiment, what we need o ask s Bow can horizoniat
ach vertical ols and poticies “ake things happenr” that would oot
have atherwise? The problem with B&ID tax credits s nov that they
are specific policy tools, but they have been designed wrangly and do
not increase private investments in R&D. Evidence shows that targeting
R.&D) labour rather than R&D income {through credits) is much berter
for that (Lockshin and Mohnen 2082 Anet the problems with throwing
money at a particular area like life sciences is not thar it was ‘picked’
but that it was not first tansformed o be less dysfuncrional before it
was supported. When so many ‘life science” companics are focusing on
their stock price rather than on increasing their side of the R in B&D,
simply subsidising their research will only worsen the prabiem rather
than create the type of fearning that Rodrik (2004} rightiy calls fon

Chapter 2

TECHNOLOGY, INNOVATION
AND GROWTH

Fou can seg the romfuder age everywliers bud in the froductisify stetisfics.

Solow (1987, 36}
o special report on the world coonooyy, the Feonmnesg (2010a) stated:

A smart intovation agenda, in short, weould be guite diffeyent from
the ane that most rich governments seem 1o favor It would be more
aiout frecing markets and fess about picking winners; more about
creating the right conditions for bright wdeas to emmerge and less
about promises like green jobs. But pursuing that kind of policy
requires courage and vision — and most of the rich economies are

not displaving enough of eithern

This view is also espoused by some “progressive’ academics, who argue
that the State 1s fimited to creating the “condiions for innovation’
...accepting that the state will have a vital role in ensuring that
market conditions reach the Tust right” batance which will spur
innovation and that adequate investment iz available for innovators.
iLent and Lockwood 2010, 7)

This is the view that asks liitle of governmesnt other than correcting
market failures - such as through nvestiment in basic science, education
and iafrastructure. The “appropriate’ role of the Siate &5 not a new
debate, but i is one that benefits from a hroader understanding of the
acadernic literature on the role of innovaticon i crealing economic

growth.
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Over two bundved and ity years ago, when disrwssing lis nolion
ol the evisibie Hand®, Adan: Smith areaed deat eapitalise markeols Jelt
et et gaat wenld selleegaliate, with 1he Staie’s role Leing limited 1o
that ot crealing hasic infrastructure {schoals, hospitals, motorways) and
making sure that private property, and ‘teust’ {a moral code] between
actors, were nurtured and protected (Smith 1904 [1776]1. Smith’s
background in polilics and phitosophy meant that bis writings were
much more profound than the simple tibertarian economics position
for which he s usuatly acknowledged, but there is no escaping that
he believed that the magic of capitalism consisted in the ability of the
market to organize production and distribution without coercion by
the State.

The path-breaking work of Karl Polanvi {who had a doctorate in
laws but is considered an important economist) lias instead shown how
the notion of the market as self-regutating is a myth unsupported by
the historical eriging of markets: “The road to the free market was
opened and kept open by an enormous increasc in continuous, centrally
organized and contiolled interventionism’ {Polanyi 2001 {1944], 144).
I his view, it was the State which imposed the conditions that allowed
for the emergence of a market-based economy Polamyi’s work has been
revolutionary in showing the myth of the State vs. market distinction:
the most capitalist of all markets, ie. the national market, was forcefully
‘pushed’ into existence by the State. IF anything it was the more local
and international markets, which have pre-dated capitalism, that have
been less tied to the State. But capitalism, the systern that is usually
thought of being ‘market” driven, has been strongly embedded i, and
shaped by, the State rom day one (FEvans 1993).

Jobn Maynard Keynes believed that capitalist markets, regardless of
their origin, need constant regulation because of the inherent instability
of capitalism. Keynes contended that the stability of capitalism was
dependent on keeping ail of the four categories of spending {aggregate
demand] in GDP in balance with one another: business invesiment (I,
government investment (G, consumption spending {C), and net exports
(X =3I Akey source of extreme voladliey was found in private business
investment. The reason it is so volatile is that far from heing a simple
function of interest rates or taxes,' It is subject to ‘antmal spirits’ - the
gut-instinct assumptions made about future growth prospects in an

1 Tl insersitivity of invesunoens 1o waxes is the reason that the 198055177 “supply-
sidle’ coonomics Tsad Iusie elfecn o vesimont and henee G and o lange offect
oz fzenme disteiiutions {no Strickic-dowy” eMectt,
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connay or specitic sector by evestors {RKoevoes 1050 T Bis views this
uncerlainly constanlly creates pevinds el wsder- o1 cveritsestiaenl,
cansing severe Huctuations i the economy tha: are compouncded by
the multiplier effect. According to Keynes, unless private irmvesument is
batanced by increased govermment spending, declines i coussumption
and investment will lead to market crashes and depressions, which were
indeed a frequent fact of bfe before Keynes’s ideas found their way ime
post-Second World YWar economic policies.

Keynesians have argued forcefully for the importance of uwsing
government spending to boost demand and seabilize the economy
Economists, inspived by the work of Joseph Schumpeter (1883--1950),
have gone further, asking that the government aiso spend on those
specific areas that increase a nation's capacily for lnnovation {reviewed
furthesr below}. Supnort for innovation can take the form of lnvestments
made in R&D, mirastructure, labour zkills, and in direcr and indirect
support for speeific technologies and companies.

On the left side of the political spectrum, investments into
programime areas that increase productivity have been less fashionable
than simiple speading on welfare state institutions such as education or
heatth. Butwelfare state institutions cannot survive without a productive
economy behind it that generates the profits and tax receipts that can
fund such entitlements (Wordhaus and Shellenberger 2011; Atkinson
2001 While progressive redistributional pelicies are fundamental to
ensuring that the results of economic growth zre fain they do not in
themselves cause growth, Insquality can hurt growth but equality does
not 2lone foster iz, What has been missing from much of the Keynesian
left is a growth agenda which creates and shmultaneously rediseributes
the riches. Bringing together the lessons of Kevoes and Schumpeter
carn make this happen, This is why the last chapters of this book focus
on the need to better understand why innovation and incquality can go
hand in hand, and how this requires realigning the risks and rewards of
eConomne growth to put a stop to one of the unfortunate consequences
of modern-day capitalisin: risks that are socialized and rewards that are
privatized, not just in the financial sector but also in manufacturing.

In general, there has been a lack of connection between Keynesian
fisval spending and Schumpeterian investments in innovation. The
lack of connection is due in no small part to Keynes advocating
‘useless government’; that is, that State intervention inte an cconomy
was based primarily on temporary speading that could occur in any
manner jeven if it was hiring workers o dig up wreasure hidden in an
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abandoned coal noc). Fodeed, this is e oiern raaero conneciion
tsat is still missing in medera-chy ccronomics. Yoo empirically Ue
cotmection is there, Not only s i e thar prodective ovestmendls
generate growth, but that when spending is more direcred” towards,
saty, the I'l revolution in the 19305 and 1990s, and perhaps the green
revolution in the years to come, the Kevioesian multplier effect 1s
slranger. As Tassey argues

...the highest order problem is the long-term fnadequacy of
productivity enhancing investments {technology, physical, human
and organizational capilal}. Increasing the demand for housing does
bave a multiplier effect on thar indusiry’s supply cladn, botthis effect
pales compared to the leverage from iovesiment In rechingiogy for
hardware and sofiware that drive productivity in many industries.
Lqually important, the jobs created by 2 techinology-driven supply
chain are much higher paving — but, they must be sustained over
entire technotogy life cyeles, (20132, 31)

Kewnes focused on the need for the State 1o intervene in order to
bring stability and prevent crises, certainly a pressing lssue in today's
circumstances.” But in order 10 understand the dynamics of such

2 This relers o Koyoes's provocative stalemend thait °I7 the Treasury were to fill
ol bottles with bank-notes, hory them ac suitable depths o dizused coal-mines
which are then Alled v o the surlhce with tows eubbish, asnd leave 0L o privace
citterprise on well-tricd principles of laissea-faire o dig the notes up again (the
right to do so being obtained, of cowrse, by iendering [ leases of the mie-
hearing tesrilery], there need Be no more unemployment and, with the help of
repercussions, e real income of the communilty and its capital wealdh, would
probably become a good dead greates sthao it acieally 7 (1935, F29), Reynes was
aefereing to the fact that in ghmes nl undargilized capacity, even such apparvensdy
wseless actions could get the economic engine going. However, the poing of this
book s to highiight bow the State bas, even in the boom peeiods such as the
F990s, provided importanl dircosionaslity I ils spending, ncreasing the animal
spirfts of the privaw seclor by investing i aceas that the privaie secror fears,

3 Todeed, the application of Fovnesian analysis to the theoey ol cconomic crises,
with a propsr understanding of fnwzee in his dyonamic, was developed by
Hyman dEsky. Minsky {1992 ocwsed on the feanci! fragiliey of capitalism
Iy highlighting the way thatl nancial mackets cause crises 1o occur Financial
bulilales [ollowed cveles of credit exprasnsion, and exaggerated growih expecialioons
were followed by retraction, causing bubbles o hurst and assct prices w collapse.
Like Keyues, be belioved teat the Stan: had a cvuciad vole io preventing this vicious
cyele and stabilizing growil, : :
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tervestments, iis landamenal vobeter onderstan o G381 re Perspeclives
on e theory of cconomic groswth fiest, and then 1o esiablisle the role
ol technology and innovation in drivieg that cconomic sroval,

Technology and Growth

While growth and the wealth of nations has been the lead concern of
econarmists since Adam Smith, m the 1950s it was shown by Alramovitz
{1956) and Solow (1936} that comventional measures of capital and
labour inputs could not account for 90 per cent of cconomic growth
in an advanced industrialized country such as the Unied Sates. It was
assumed that the unexplained residual must veflect productivity growth,
rather than the guantity of factors of production. And still 1oday there is
anmense debate amang econormsts over which factors are most important
in producting growtl, FThis debate is reflected in palitics, where different
vicws about growih are espoused with great vehiemence, often ignorant of
the mnderlving theorvetical assumptions and origins driving those views.

For years, cconomists have tried to model growth. Neoclassical
cconomics developed its Arst growih model in the work of Harrod and
Domar (Harved 193% Pomar 194G}, but it was Rabert Sotow who won
the Nobel Prize for his growth ‘theory’. In the Solow growth model,
growth is imodelled through a production function where cutput (Yl is a
function of the guantity of physical capital (K} and human labour (L),
ceferis partbus — other things remaining equal. Included in “other things®
was technological change.

Y =F{K, L)

While increases in K and L would cause movemenss afong the production
function {curve), exogenous (unexplained) changes in technical change
wouid cause an upward shift in the curve (allowing both K and L o
be used more productivelyl. When Solow discovered that 90 per cent
of wvariation in economic output was not explained by capital and
tzbourn, ke called the residual “technical change’. Abramovitz, who knew
much moare about the social conditions that support technical change
tlran Solow, famously called the residual a "measure of our ignorance’
{Abromovitz 1956),

H the undertying modet was found to be so deficient that it could net
explain 30 per cent of the dependent variable it was describing, then it
should have been thrown out and a new model developed. This was indeed
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what many, such as Joan Robinson {Flarcourt F172) had heen anguing for
clecacles. Robinson and others were highby eritical of the proclaction fanclion
lrasmework. Instead of getting rid of e bad old model, howeven, technical
change was simply added into it. Solow’s theory {1956) became  knowis as
‘exnmenous growth theory” because the varizhle for technical change was
inserted cxogenously, as a tme treucd AL {similar to population growthl:
Y =AY MK L}
A econammists became more aware of the eruciat rote that technology plays
in coconomic growth, it became necessary © think more sericusly aboui how
to include technology in growth models. Fhis gave rise ‘endogenous’
or ‘new growth’ theory, which mndeiled technology as the endogenous
qutcome of an R&D invesiment [unction, as well as nvestent in human
capitad formation {Grossman and Heipman 1991} Rather than assuming
constant or diminishing marginal returns as in the Solow model {every extra
unit of capital employed earned a smaller return), the addition of human
capital and technology inroduced increasing rtwrns fo scafe, the engine of
growth. Increasing returns, which avise from different types of dynamic
" behaviour like learning by doing, can help explain why certain firms or
countries persistently outperform others — there is no “catchi-up’ effect.
Although new growth theory provided a rational argument for
FOVeTTINENE investiment, it did not lead to it explicitly. This is because
qew ideas were treated as endogenous 1o the firm, not as part of the
institutional organization required to transform ideas mto products.
Nevertheless, the increasing criphbasis on the refationship between
technical change and growth indivecty lecl government policymakers
ta focus on the importance of investments in technology and human
capital to foster growth. The result was fnnovation-led growih policies to
support the knowledge cconomy, a term used to denocte the greater
importance of investing in knowledge creation in promoting economic
competitiveness {Mason, Bishop and Robinson 2009, Studies that
showed a direct velationship between the market value of firms and
thcir innovation performance as measured by R& 1D spending and patent
success supported these policies {Grliches, Hall and Pakes 1991).

From Market Failures to System Failures

In their ground-breaking dn Leolutionary Thesry of Lvonomic Change, Nelson
and Winter {19821 argued that the production funcuon framework

LR W e e e el
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fexogenous or enddogenous) was i fel the wrong way 1o undeestangd
technnlogical change, Buildiag on the work of Joseph Schumpewes {1949
42 [0S they argued o an ‘evolationary theory” off ])I'I.Zld;IL'L'l(;l;
fand cconomic changel, which delved inside the ‘black box’ of the
production function it order 13 understandg how inmovation oocurs and
affects competition and cconomic grosvth. Ia this approach, there is no
assumplion of ‘represemtative agents’ {as in standard growth theory) but
rather a constane process of differentiation among firms, based on their
different abilities to innovate because of different mternal routines and
competencies. Competition in this perspective is about the coevolution
of those processes that create constant differences between firmns and the
processes of competitive selection that winnow in on those differences
allowing only some fivms to survive and grow :

Rather than relyving on kaws of “diminishing returns’, which lead o
a unigue eguilibrium, and assumptions about the *average’ firm, this
approach focuses on dynamic increasing returns to scale {from the
cEynfzm?G of learning by doing, as well as the kind of ‘path-dependent”
dyramics described by David 2004}, and on different types of processes
that lead to persistent differences between {irms that do not disappear
in the long ran. The question is then: which firms survive and grow?
Selection does not always bead o “survival of the htest” botl due to the
cffect of increasing returns {atlowing first-mover advantages which then
‘stick”) and also to the etfects of policies which might favour certain types
of firms over others. v might also be that selection dynamics in product
markets and financial markets are at odds (Gereski and MMazzucato
200250,

But most importantly, 1 this perspective mnovation s firm specific,
and highly uncertain. The ‘evolutionary’ and Schumpetertan approach
10 studying frm behaviour and competition has led w0 a “systems of
innevation’ view of policy where what matters is understanding the way
in which firms of different type are embedded in a system at sectorai,
regional and nationat levels, In this systems view; it is not the quantity
of R&D that matrers, but how it 13 distributed throughout an economy,
often veflective of the crucial role of the Seate in influencing the
Gl:-?_[.l'i%)lttil:l!l (Ireeman 1995, Lundvall 1992} Schumpeterian economists
criticize endogenous growth theory because of its assumption that
R&D can be modelled as 2 lettery where 2 certain amount of R&D
investment will create a certain probability for successful nnovation.
They argue that in fact innovation is an example of true Knightian
uncertainty, which cannot be modelied with a normal (or 2oy other}



30 R BN PR ENED RIALSTNTS

probabitity distribution thae is implicit i cndogenous growth theerey,
where Ré&D is oficn modelted using game theory (Reinganun 19848, By
highlighting the strong uncertainey wiselerlying technological isnovation,
as well as the very strang feedback effects thas exist herween Itovaton,
growth and marker structure, Schumpeterians emnphasize the ‘systerms’
component of technological progress and growth.?  Systems  of
innovation are defined as ‘the network of institutions in the public and
private sectors whose activities and interactions initiate, import, modify
and diffuse new technologies® {Freeman 1593), or ‘the elements and
relationships which interact in the production, diffusion and use of new
and economically useful, knowtedge® (Lundvall 1992, 2,

The empliasis here is not on the stock of &I but en the circulation
of knowledge and its diffusion throughout the econemy Enstitutional
change is not assessed through eriteria based on static allocaive efficiency,
but rather on how it promotes technological and structural change. The
perspective is neither macro nor micro, but more meso, where individual
firms are seen as part of broader network of firms with whom they
cooperate and compete. The system of innovation can be interfirm,
regional, national or globat. From the meso perspective the network is
the unit of anabysis (not the firml. The neowork consists of Customers,
subcontractors, infrastructure, suppliers, competencies or functions, aned
the Hinks or relationships between them. ‘The point is that the competencies
that generate mnovation are part of a collective activity pccurring through
a neework of actors and their links or relationships (Freeman 19951

The causation that occurs in the steps taken between basic scieince,
to large-scale R&ID, o applications, and finally o diffusing innovations
is not ‘linear’. Rather, innovation neeworks are bl of feedback loops
exisung between markers and technology, applications and science. In the
linear model, the R&D system is seen as the main source of innovation,
reinforcing economists’ use of R&D stats to understand growth. In this
more non-lincar view, the roles of education, training, design, qualiey
control and effective demand are just as important, Furthermore, it is

4 The emphasis on heterogeneity and multiple equilitria requires this branch of
theory Lo rely less om assumpiions of represeniasive agents [the average company)
and unique equilibria, so dear o neoclassical eccuomivs. Rather than using
mevemental caleulis from Mewtoniun physics, mathenatics fram biology (such
as distance fiem mean replicator dynamics) are wsed, which can explicilly take
e account leterogeeity, and the possibilicy of path dependency and multiple
cquifibriz. See M. Mazzucato, Frm Size, fvovation and Adaked Strpciure: The Frolution
af Adarket Concentration wnd Tastabitity (Novthampton, MaA: Edward Eigar, 20000,
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Letter alde to recogivize Lhe serendipicy and vocerainy B chareerizes
the innovatzon process. [t s wseful for understandiog the vise ancl Jall el
ditlerent economic powers bt bistory, For example, i explaing the rise
of Germany as a major cconmnic power in the ninetcenth century, as a
resulr of State-fostered technological education and training sysiems. it
also explains the rise of the United States as a major cconomic power
in the twenrticth century as a result of the rise of mass production and
tn-house R&D. The United States and Germany became econornic
powers for different reasons but what they had in cormmon was attention
ta developing systemns of janovation rather than a narrow focus on
raising or lowering R&D expenditures.

The gencral point can be illustraced by contrasting the experience of
Japan in the 1970s and 1930s with that of the Soviet Union (Freeman
1995} The rise of Japan is explained as new knowledge flowing through
a more horizontal cconemic structure consisting of the Ministry of
International Trade and Industry (MITT), acadernia and business R&D.
In the 1970s Japan was spending 2.5 per cent of its GDP on R&D
while the Soviet Union was spending more than ¢ per cent. Yet Japan
eventually grew much faster than the Soviet Union because RE&D funding
was spread across a wider variety of cconomic sectors, not just those
focused on the military and space as was the case in the Soviet Union.
In Japan, there was a stong integration between R&D, production
and technology import activities at the enterprise level, whereas in the
Soviet Union there was separation. Grucially, the Soviet Union did not
have, or permit, business enterprises to commercialize the technologies
developed by the State. Japan had strong user—producer linkages,
which were nonexistent in the Soviet system. Japan also encouraged
mnovation with incentives provided to management and the workforee
of companies, rather than focusing mainly on the ministries of science.
Johnson {1982} argucs that the Japanese miracle’ was in essence the
presence of a Developmental State,” or, the coordination of the Japanese

5 Chaitmers Johnson {1982 was one of the first acthors to conceprualize the
‘Dievelopmental State’, when e analysed the State-led industrialization of Japan,
Jobnson argued thaz, in contrast to a supposedly’ hands-off, regutatory orientasion
in the L33, the Japancse ‘Drevelopmental Stare’ divectly intervened in the cconomy,
with sirong planning prometed by a relatively independent State hureaucracy,
which alse prometcd a ciose business—government refationship, whereby
governmental support, protection and discipling resulied in a private elite willing
to take on risky enterpriscs. Subscquent elabovations of the 'Developmentat
State’ congept can e found in, among others, Wade [1990), Chang { 1993, Fvans
11993}, Woo-Cumings [190%9) and Chang and Evans {20005 Recently, contracy
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cooneny through deliberate and tavgeted beeusidal podicy lostitesied
by JMEUL Yeu, Lovonwek (2008, 27 8 adds that, the contribation of
e dovelopmental state in japan cannotl e understood in absirsciion
[rom the growth of companies’ {such as Tovota, Sony or Hitachil; aside
froms the Japanese Slate’s public support for industry, ‘1t was the strategy,
organization, and fnance, nternal’ to Japan®s leading fivms that
transformed them from enbeprencurial Arms into innovative firms’
and that ‘made them successful” in challenging the competitiveness
of the world’s most advanced economies. Equally important were the
lessons learned by Japanese people that went abroad o study Western
technologies for their companies, and relationships between thosc
companies to US firms. These companics benefitted from the lessons
of the LS ‘Developmental State’, and then transferred that knowledge
10 Japanese companies which developed internal routines that could
produce Western technologies and eventually surpass them. Japanese
conglomerates were among the first foreign companies to license the
transistor from ATE&T Bell Labs) in the early 19505 As a vesult key
connections were made with Western companies such as GE, 1BM, HP
arsd Werox, Particular sectors like electronics were targeted forcefuiby,
and the organizational innevation adopted by fapanese Brms embodied
a Hexible ‘just-in-time’ and “total quality’ production system (which was
a necessity to-avold unused capacity and waste, and deal with the lack
of natural resources in Japan) that was applied to a wide variety of
econtomic scctors with great success.

Table 1 compares the Japanese and Soviet systems of innovation. It
is important in this context to highlight thar the MITEs industrial policy
was beyond the “pleking winners’ idea that many opposed to industrial
policy cite today Japan's approach was about coordinating intra-
industrial change, lnter-sectoral Bnkages, inter-company linkages and the
private—public space in a way that allowed growth to cccur in a helistic
and targeted mamaer The Japanese moded, whiclh was an alternative to
the more vertical ‘Tordist’ model of production in the US, characterized
by rigidity and rense refations between trade unions and management,
caused a more selid flow of knowledge and competencies in the economy
thar provided an advantage to the horizontally structured and flexible
Japanese firms. While on opposite ends of the political spectrum, the

to Johnson's {1982} ariginag vicw, Block (2008) showed the existence of an olien
‘hidden’ Developmental State in the US, a view similarly espoused by Reinert
(20071 and Chang (2008).

Japan
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Table 1. Congrasting pulionad svstems ol Isevation: Japans ioed e LISS512 30
Ll 1RO

LSsi

High gross domestic expenditsre one - Very bigh GERDAGNE ratio {o. %)
RED (GERDY GNP ratio (2.5 %)
Yoy low proportion of military or Extromely high proporgics of wiliary

space R&D (<2% of R&D) or space RE&ED {>70% of Ract)

HHigh proportion of total RE&D at Low proportion of tetal R&1D a

enterprise level and company fnanced enterprise level and company financed

[approx. 67%) {<16%0

Strong integration of B&D, Separation of RE&D, production and

production and technology import technotogy impare, weak mstitational

at enlerprise level linkages

Serong user—producer and Weak or nonexistent linkages

ssthooniracior network finkages bewweon marketing, production, and
PTOCUICTIE Nt

Strong inceniives 1o mnovate Soine incentives to inaovate made

at enterprise fevel that iovelve increasingly strong i 19605 and

L5705 bt oflser by other negative
disincentives afleeting management
and warkforee

management and workforee

[tensive experience of competition  Relatively weak exposure to
inlernational compstition except in
arrns race

i international markets

Source: Freeman {19930, Note: Gross domestic expendilaces on research and devel
{ ) : evelopment
IGERDEY are all monies cxpended on R&D poobrmed within the country i a given

YEAT

production model in the USSR and the USA were equally ‘rigid’,
allowing the Japauese model to supersede both.

Regional systems of innovation focus on the cultural, geographical
and institutional proximity that create and facilitate transaciions
between different socioeconomic actors, Studies focusing on innovative
milicu such as industrial districts and local systems of innovation have
demonstrated that conventions and specifie socioinstitutional factors in
regions affect technological change at 2 national level. Specific factors
might include interactions between local adminisirations, unions
and family-owned companics in, {or example, the Italian industrial
districts.

The State’s role is not just 1o create knowledge through national labs
and universities, hut also 10 mobilize resources that ailow knowledge
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ancl fnnovations 1o diflise brosdly across secors ol the coonooy
It doos this by rallving existing inovation networks or by Tacilitating
the developmeni ol new ones thae eing togetbier a diverse growp ol
stakeliolders. However, having a national system ol innesation that iz
rich in horizontat and vertical networks is not suflicicnt. The State ymust
also lead the process of industrial development, by developing strategies
for technological acvance in priority areas.

This version of the State’s role has been accepied in a consensus
between multiple countries that are attempting to catch up with most
technologically advanced cconomies. There s a whole literature
devoted to the role of the so-called ‘Developmental Stare’, where she
State is active naot nnly in Kevnesian demand management but akso in
leading the process of industrialization. The most typical exarnpies are
the East Asian economies, which through planning and active industriai
policy were able to *catch up’ technelogically and economically with the
West (Aumsden 19390 In states that were late to indusirialize, the State
trseif ket the Induserialization drive. It took on developmental functions,
for example by targeting certain sectors {ov investment, placed barriers
to foreign competition until such tme as companies i the targeted
scetors were ready to export, and then provided assistance finding new
export markets for companies. In Japan, for example, Johnson (1982}
liustrates hoiv the MITT worked to coordinate Japanese firms m new
international markets. This oceurred througl invesunents made i
particular technalogies {picking winners), and the creation of specific
husiness strategies meant to win particular domestic and internationat
markets. Furthermoie, the Japanese State coordinated the finance system
through the Bank of Japan as well as through the Fiscal Investment
Loan Program {funded by the postal savings system).

Chang {20080 offers simitar illustrations for South Korea and
other recently emerged economies. China has engaged in a targeted
industrialization strategy 1oo, ondy joining the World Trade Organization
once its industries were ready 1o compete, rather than as part of an
International Monetary FMund-backed industrialization steategy The
Chinese strategy showed the weaknesses of the Washington Consensus
on development, which denied the State the active rote that it played
in the development of major industrialized nations such as the United
States, Germarny and 1 United Kingdom,

IT there is sivong evidence that the State can be effective in pursuing
targeted catch-up policies by focusing resources on being dominant in
certain industrial sectors, why 1s it not accepied that the State can have
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a grealer yole in the development of e wehimodogics and aaplications
Leyoud simply funding basic science and baving an infsiraciere 1o
SUPPOTt Private seclor activiey?

Myths about Drivers of Innovation
and Ineffective Innovation Policy

The fact that economics was putting so much emphasiz on innovation
in the growth process caused policymakers, since the 1980s, to begin
paving rouch more attention to variables [ike R&DD and patents as
a predicator of innovation and therefore of economic growth. For
example, the Furopean Union's Lishon Ageada (2000 and its current
Europe 2020 strategy {EC 2010} sct a 1arger for 3 per cent of the
EL: GDP wo be invested in R&D, along with other policies meant to
encourage the flow of knowledge between universities and business —
and a stronger link between financial markees and innovative firms of
diffevens size,

While couniries within the OECD comiinue to differ greatly in
their RE&D spending (Figure 1 below?, what is interesting is that those
European countries that have suffered the most from the financial crisis,
which later turned lite a sovereign debt erisis, were also countries that
have the lowest R&D cxpenditures. This of course does not mean
that it is their low Ré&I} intensity that caused their problems, but it
is surely related. In the case of Italy, in fact, its high debt/GDP ratic
{120 per cont in 201 1) was not due to tou much spending but spending in
the wrong places. lis deficit for many years was relatively mild, at around
4 per cent. Bu its lack of investment in productivity-enhancing R&[D
and human capital development meant that #ts growth rate remained
below the interest rate that it paid on its debt, thus making the
numeraror of the debt/GDP ratio grow more than the denominator
The fact that BU countries spend so differently on areas that create
long-run growth is one of the reasons that they were each affected so
differently by the economic crisis. The numerous approacles to growth
were a reason that there was such little solidarity when it came time to
help each other out. German *falks’ feel that German tax money should
not be used to bail out the Greeks. However, they err in thinking that
the Greeks are spendehrifts. The reforms that are required to make the
European project work require not only ‘structural® reforms (increasing
the propensity to pay tax, labouwr market reform ete but also, and
especially, mereases in public and private secior ivestiment in research
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ard human capital formation e produce ieaovation. Cieliieg supspor
for such policies is victually Impossilbe ander the current new Tiscal
compact’, which limits spending by Lwopean member states o 5 per
cent of GDP withour dilterentiating between the spencding that, throagh
innovation and capital investrents, can lead 10 farre growt,

While low spending on R&I) is a problem throughout much of the
European ‘periphery’, it is also true tha: if a couwitry las lower than
average R&D spending, this is not necessarily a problem il the sectors
that the country specializes in are not sectors in which innovation
oceurs necessarily through R&LDY  (Pierrakis 2013 For example,
the UK specializes in financial services, consuuction and creative
industries {such as ymusic) - all with relatively low needs for basic RE&D.
And there are many industries, especially in the service sector, that
do no R&D at all. Yet these indusiries often employ large numbers of
knowledge workers to generaie, absorh and analyse information. 1, ali
other things equal, these industries represented a smaller Proportion
of GBE it would be easier for an economy to reach the 3 per cent
target for R&D/GDP {which characterized both the European
Commission’s Lisbon Agenda and the current EC 2020 agenda).
But would the performance of the cconomy be superior as a result?
It depends ot how these industries contribute to the coonormy. Are
these ‘tow-tech” indusiries providing imporant services that enhance
the value-creating capabilities of other indusiries or the welare of
households as consumers? Ov are they, as is often the case in financial
services, focused on extracting value from the econoimy, even i that
process undermines the conditions for innovation in other industries
idMazzucato and Lazonick 20103

One of the problems that such simple targets encounter i that
they divert attention from the vast differences in R&L spending across
industries and even across (irms within an industre They can also mask
significant differences in the complementary levels of R&D investments
made by governments and businesses that are alio required to generate
superior economic performance.

The National Systems ol Innovation perspective described above
highlights the important role of intermediary institutions in diffusing
the knowledge created by new R&D throughout a system. An even
greater problem with Ré&D-based mnovation policies is the lack of
understanding of the complementary assers that must be i place at the
firm fevel that make it possible for 1echnological innovations to reach the
market, c.g infrastructure or marketing capabilities.

I3, 18812010

.‘
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Figure 1. Gross R&D spending (GERD) as 2 percentage of GDP in QR
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There have Leen many myihs orcited avound innovation-led groseth.
Tlese have Been based on wrong assumptions aliont Use key drivers
el mtosation, from K&l 1o small firms, e capial and parens.
A brief discussion of lhese follows. 1 call them “myths’, though they
are perhaps more cleay called false assumptions Jeading to ineffective
innovation policy:

Myth I: Innovation is about R&D

The literature on the economics of innovation, from different camps,
kas often assumed a divect cavsal hnk between R&DD} and innovation,

and hetween innevation and economic growth, While the systems of

Innovaton literature relerred to above has argued siwrongly against the
tinear model of innovation, mnuch innovation policy stil rargess R&D
spending at the firm, industry and national levels. Yet there are very
few studies which prove that innovation carried owt by large or smatll
firms actuatly increases their growth perlormznee -- that is, the macro

models on innovation and growth {whether ‘new growth’ theory models

or the ‘Schumpeterian’ models} do not seem to have strong empiricat
‘micro foundations’ (Geroski and Mazzucato 2002a). Some company-
level studdies have found a positive impact of R&D on growth {Gerosk,
Machin and Toker 1992, 1996, Yasada 2003} while others found no
- significant impact {Afmus and Nerlinger 1999; Bottazzi et al. 2001; Lsal
ardd Heshimat 2006} Some studies have quTtd even a negalive iinpact
of R&D on growth, which s not surpr ising: if the firms in the sample
- don’t have the complementary assets needed, R&D becomes only a cost
{Brouwer, Kleinknecht and Reijnen 1993; I'reel and Robson 2004
-E1s thus fundamental to identify the company-specific conditions thas
st be present to allow spending on R&D 10 positively affect groweh,
These conditions will' no doubt dilfer between sectors. Demirel and
Mazzucato (2012}, for example, find that in the pharmaceutical industry,
ondy those firms-that patent fve years in & row [the ‘persistent’ patenters)
and which engage in alliances achieve any growth fom their R&D
speading, Innovation policies in this sector must thus target noc only R&D
but also different attributes of Arms. Coad and Rao (2008} found that anky
ihe fastest-growing firms reap benefits from their R&D SJCﬂd]ﬂE‘ {the top
6 per cene identified in NESTA's 2009 report “The Vial 6%7). Mavzucato
anct Parris {2018 find that the refationship beoween R&D cppr&ch 1w and
fast-growing firmes only holds in specific periods of the industry 156

wlen competition is particulardy fierce.
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Miyth 2: Small is Beautiful

Frrding tlwt the impact of noovation ou growth is fodecd <Teven for
different types of firms has important implications for ithe commonly
licld assumption that ‘smalt firms’ matter {{or growth, for mnovation
and for emplioyment, and hence that many different policies that target
SMEs are needed to generate innovation and growtlh. Hughes [2008)

‘has shown that i the UK SMEs received close o £9 billion in divect

and ndirect government support, which s more than the police foree
receives. Is this money well spent? The hype around smali firtns arises
matnly from the confusion between size and growth. The most robust
cvidence available emiphasizes not the role of small firms in the economy
but to a greater extent the rofe of poarg high-growth firms. NESTA, for
example, showed that the firms most important to growth in the UK
lave been the small number of fast-groaving businesses that, between
2002 and 208, generated the greatest emplovment increase In the
counttry (NESTA 201 1) And while many high-growth firms are small,
many small firms are not high growth.® The bursts of rapid growth
that promote nnsvation and create emploviment are often staged by
firems that have existed for several years and grown incrementally until
they reached a take-ofl stage. This is a major problem since so many
government policies focus on tax breaks and benefits to SMEs, with the
alm of making the econony more ixnovative and productive.

Although there is much talk about smail firms creating jobs, and
increasingly a focus of policymakers, this is maindy a myth, White by
detimition small firms will create jobs, they will in fact also destroy a
large number of jobs when they go out of business. Haltiwanger, Jarmin
and Miranda (2610} {ind that there is indeed no systematic relationship
between firm size and growth, Most of the effect is from age: young
firms {and business star-ups) contribute substantially 1o both gross and
nef jobr creatioa.

Productivity should be the focus, and small firms ave often less
productive than large firms. Indeed recent evidence has suggested that
some cconomies that have favoured small firms, such as India, have in fact

G Mot 1o mentien the stasistical effect of heing small: while a one-person micro-
enterprise that hires an additional employes will display a E00 per cent growth in
ermploeyrent, a 100,000 persos enlerprise that hires 1,000 croplovees will show
‘only’ & | per cent increase in amplovmen:. And yet, it is olwdons whichk of these
lwpothetical frms contrilxales more to a decrease in ananploymcnt at the macro-

level.
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prviurmed worse, Hlsicl and Kiciow (20093, (o example, sugeest e
H 48 per cent ol the total Fctor productivity (TP diflerence Benween
Bsdia aned the United Seates 3s due o misallocation of oogpel 10 wo
tnany small and low-productivity SMEs in India. As most simall starc-up
firms {ail, or are incapable of growing beyond the stage of having a sole
owlicr-operator, targeting assistance to them through grants, soft loans
or tax breaks will necessarity involve @ high degree of waste, While this
waste is a necessary gamble in the innovation process {Janeway 2012,
it is Important to at least guide the funding process with what we know
about "high growth” innovative firms rather than seme folkloristic notion
of the value of SMEs as an aggregate category ~ which actualiy means
very litde,

Bloom and Van Reenen {2008) argue that smafl frms are less
procuctive than large ones because they are less well managed and
subject to provinelal family favouritism. Furthermore, smal? firms have
lower average wages, fewer skilled workers, less tratming, fewer fringe
benefits and higher instances of bankruptey. They argue that the UK
has many family frms and a poor record of management in comparison
with other countries such as the US and Germany (20061 Among other
reasons, this is refated to the fact that the tax system is distorted by giving
inherttance tax breaks to family firms.

Some have interpreied as a resole that it is hlgh growth rather than-

size that matters, and that the best that government can do is to provide
the conditions for growth through policies that foster innovation. Bloom
and Van Reenen (2000) argue that instead of having tax breaks and
peneflts target SMis, the best way to support small firms is to “ensure
a fevel playing field by removing barriers to entry and growth, among
firms of all sizes, enforcing competition policy, and strongly resisting
the lobbying efforts of larger firms and their agents’. But as we will
see in Chapters 3 and 5, often the most innovalive firms are precisely
those that have benefitted the most from divece public invesiments of
difterent types, making the association between size and growth muclh
more complex,

The policy implication is that rather than giving handouts to small
commpanies in the hope that they will grow, it is better to give contracts to
young companics that have already demonstrated ambition. It & more
effective to commission the technotogles that require innovation than
to hand out subsidies in the hope that innevation will Bllow, In an era
where budger deficits are constraining available resources, this approach
could vield significant txpayver savings i, for example, direct transfers to
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lems that are given just beeause ol the sive ol o company were endedd,
such as simall Husiness rawe reliel foe soaller companios aned inheritanee
tax veliel for famiby ficens (Sclumnicly 26023

Myth 3: Venture Capital is Risk Loving

If the role of small firms and R&D is overstated by policymakers, a
similar lyype exists in relarion to the potental {or venture capital to create
growth, particafardy in knowledge-based sectors where capital intensity
and technological complexity are high.

Venture capital i3 & type of private cquity capital focused on early
stage, high-potential growth companies. The funding tends to come either
as secd funding or as later-stage growih funding where the objective of
venture capitalists is to carn a high return following a successful 1PO,

rerger or acquisition of the company Venture capital fills a funding
void that exists for new firmsz, which often have trouble gaining credit
from traditional financial institutions such as banks. Such firms thus ofien
have to rely on other sorts of funding such as *business angels’ (including
famiby and friends), venture capital and private equity Such alternative
finding is most important for new knowledge-based firms trying to enter
existing sectors or for new firms tryving o form a new sector

Risk capitai is scarce in the seed stage of firm growth because there js
amuch higher degree of risk 1n1 this early phase, when the potential of the
rew idea and its technological and demand conditions are completely
uncertain {see Table 2}, The visk in tater phases fails dramatically.

Figure 2 shows that the usual place where it is assumed venture
capital will enter is the stage of the invention-innovation process {second
and third stage above). In reality the real pictwre is much more non-
linear and full of feedback loops. Many firms die during the transition
between a new scientific or engineering discovery and its successfial
transformation into a commereial application. Thus moving from the
second to the third phase shown in Figure 2 is often referred to as the
valtey of death.

Figure 2 does not illustrate how time after time it has been public
rather than privately funded veneere capital that has raken the most
risks. In the US, government programmes such as the Small Business
Innovation Research (SBIR} programme and the Advanced Technology
Program (ATP) within the US Department of Commerce have provided
2025 per cent of total funding ter early stage technology firms
{Auerswald and Branscomb 2003, 2332). Thus, government has played a
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Table 2. Misk ol o for diflerenn sthges wl whicls investoweats wee neadde |

Vosine st which Baesiineene e Risk af ks
Seed stage L
Starl-tyy slage ) 35014
Second s1age 33.7%
Third slage 2001 %
Bridge or pre-pubtic stage 2605

Source: Piereakis (2050

Figure 2. Siages of venture capilal investment

Lniversities,
government
Wenture czpital

[
-

A

A
v

Prodeciiassal linance,
acquistions by aslablished cxnpanies,
private equity and prblic equity markeis

Spurce: Ghash and Nanda {2010, &,

leading role not enly i the early stage research ilustrated in Figure 2,
but alse in the comumercial viability stage. Auerswald and Branscomib
[2003) claim that government funding for early stage technology firms s
cqual to the total investments of “husiness angels’ and about two o eight
times the amouat hwested by private venture capitab,

Nenture capital Tunds tend to be concentrated in areas of high
potential growth, low technological complexity and low capitat intenstty,
since the latter raises the cost significanthy. Sinee there-are so many
[aibures in the high-risk stages of growth, venture capital funds tend to
have a portfolio of different investments with ondy the tails {extremes}
earming high returns — a very skewed distribution.

Although most vendure capital funds are vsually structured to have
a Jife of ten years, they tend to prefer to exit much earlier than ten
vears because of the management fees and the benuses carned for
Ingh returns. Early exits are preferved in order to establish a winning
track record and raise a follow-on fund. This creates a situation
wliereby venture capital funds therefore have a bias towards mvesting in
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et whore the comunerciad viability is ostabisbod wilhin 5 3-10-
A-year poriodl {Ghosh and Nanda 2103 Alithough this s sometimes
possilile {o.g Googlel, it is often not. [ the case ol an emerging sectar
like biotech or green tech today, where the underlying knowledge hase
is still in its early exploratory phase, such a short-term bias is damaging
to the scientific exploration process which requires bonger time horizons
and tolerance of failure. Venture capitat has succeeded more in the TS
when it provided not only committed {inance, but managerial expertise
and the construction of a viable organization (Lazonick 20132).

The proftemn has been not only the lack of veature capital investment
in the most critical early seed stage, but also s own objectves in the
innevaton process. FThis has Leen strongly evidenced in the biotech
industry, where an mncreasing number of researchers have critcized
the venture capital model of science, indicating that significant investor
speculation has a dewrimental effect on the underlying innovation (Coriat,
Orsi and Weinstein 2003; Lazonick and Tulura 2011; Mirowsk:s 2011).
The fact that so many venture capital backed biotech companies end up
producing nothing, vet make millioas for the venture capital firms that
selt themt on the public market is highly problematic. It creates a need
to question the rote of venture capital in supporting the development
of science and also its effect on the groavth process. The increased focus
on patenting ard venture cagital is not the right way to understand how
risky and long-term innovations oceur. Pisano [2006) in fact claimed
that the stock market was never designed to deal with the governance
chalienges presented by B&D-driven businesses. Mirowski (2011, 288)
describes the venture capital-backed biotech model as:

...commercizalized scientific rescarch in the absence of any product
lines, heavily dependent upon early-siage venture capital and a
later IPO launch, deriving fromt or displacing academic research,
with mergers and acquisitions as the most corunon terminal state,
pitehed oo facilitate the outsourcing of R&I from large corporations
bent upon shedding their previous in-house capacity

The problemm with the model has been that the ‘progressive
cormmercialization of science’ seems 1o be unproductive, generating few
products, and damaging to long-term scientilic discoveries and findings
over time.

An alternative view is presented in Jancway (2012 who argues that
stock market speculation is necessary for innovation. However, what he
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descrilyes ws o scai-natieral dlemen | ol capielistn was instescl a3 cesafl of
a hefly political process, of foblwving {Fawonick DU NASTIALY was put
t place Lo provide speculative miackel o wliieh high-teeh start-ups
could Le Rndect Bt also exit auickly, Aned withoue HNASDAD, launched
iz 197F, VO would not have emerged as a well-defined industry in the
1970s. The coevolution of VO and NASDAD is a result of the palicy
space being ‘captured’. Ancther element ot empliasized in Janeway, is
the degree to which the ‘rewards’ ro VO have been disproportional to
the risks taken. His own VG company, Warburg Pincus, made millions
1 a game that he admits was shaout entering after the State did the hard
work., While he savs that the period of speculation was necessary, he
does not confront the issue of how VO was justified in capturing such
high returns. And neither that VO is itself Lbecoming one of its own
worst cnenies by being such adamant tobbyists for a lower public purse
(via lower taxes}, which will not be abie to fund the future innovations
{or VO to piggyback on.

Myth 4: We Live in a Knowledge Economy — Just Look
at all the Patents!

Similarly to the myth that “innovation is abowt R&Dr, a misunderstanding
exists inrefation to the role of patents in innovation and economic growth,
For example, when policymakers look at the number of patents in the

pharmaceatical industry, they presume it is one of the most Innevarive

sectors in the world, This rise in patents does not however reflect a rise
in innovation, but a change in patent laws and a rise in the strategic
reasons why patents are being used. In IGT there has been a shifi in
the use of patents from the development and protection of proprietary
technologies, resuliing Gom in-house RE&ED, to cross-licensing in open
systems, with the purpose of buying in technology {and the related
patents] produced elsewhere (Chesbrough 2003; Grindley and Teece
1937). This has caused the R&D budgets of large companies, such as
IBM, to {all at the same time that their patent numbers rose {Lazonick
2009, 88-9). Not recognizing these dynarmics cause a focus on the
number of patents to be misguided.

The exponential rise in patents, and the increasing lack of relationship
this rise has had with actual ‘innovation’ (e.g newproducts and EOCESSEs),
has occurred for various reasons. First, the types of mventions that can
be patented has widened to include publicly funded research, upsireanm
research tools [rather than only final products and processes), and even
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sediscoverios’ (as opposed Lo inventions) of existing objecs ol steacly such
as genes, Uhe 1880 Bayle-Dole Act, which allowed publicly Tended
rescarch o be patented rather than remain to e public domaiu,
encouraged the emergence of the bistechnology mdustry, as sost of the
new biotech companies were new spinoffs from university labs receiving
beavy State handing Furthermore, the fact that venture capital often
uses patents to signal which companies to invest in means that patents
have increased m their strategic value 10 companies seeking to ateract
financing. All these factors have caused the number of patents 1o rise,
with most of them being of litile worth {e.g very few citations reccived
from wther patentst, and with most not resulting in a high aumber of
innovations, c.g new drugs in pharma {see Figure 5 in Chapter 55 Thus
directing too much astention to patenss, rather than to specific tvpes of
patents, such as those thae are highly cited, visks wasting a tot of money
fas argued below for the patent box case).

Researchers have argued that many of the recent trends in patents,
such as the increase in upstream patents {or things ke ‘research toaols®
have caused the rate of inmovation to [BE rather than increase as it
blocks the ahility of science to move forward in an open exploratory
way [Mazzoleni and Nelson 1928} The effect has been especiafly
deleterinus to the ability of scieniists in the developing world to repeat
experiments carried out in the developed world. Prevented from
repiicating vesults, they cannot build on those experiments with (heir
own developments, thus hurting their ability 1o “cacch up® (Forero-
Pinteda 20061,

Motwithstanding the fact that most patents are of iiule valuee, and
that patents play a controversial role in innovation dynamics, different
government policies continue to assume that patents have a strong link to
ongoing high-tech R&D and must be incentivized to create innovation-
led growth. In Gcerober 2010, George Osborne (the UK's chancellor of
the exchequer, a rote equivalent of the minister of finance or secretary
of the treasury in other countries) announced a ‘patent box' policy
beginning in 2013, which will reduce the rate of corporation tax on
the income derived fromn patents to 10 per cent. This of course fits with
the current government’s beliel that investment and innovation can be
easily nudged through tax policy. The same policy has recently been
introduced in the Netherlands,

The Institute {or Fiscal Studies (IFS) bas argucd against this policy,
claimingthattheonlyeffectitwill haveistoreduce governmenttax revenue
iby a large amount} withour affecting innovation {Griffith et al. 2010),
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I s argued that R&D 1y creddils e caongle v sdehress e marker
ltiture issie wren &L, ang (g e paurein Lo policy is instead
Paorly largeted rescarch, as ol policy togets the income that
tesults from patcaeed teeluwology, not the research or innovation itself)
Furthermore, the anthors mamtain that the patent box policy will
also add complexity to the rax syslem and require expensive policing
to ensuve that income and costs are being appropriately assigned o
patents. They claim that the grear uncertainty and 1ime lags behind
creating patenrable technologies will counterace the incentives. Since
interrational collaborations are in-:reasing!}-' commen, there is ne
guarantee that the extra rescarch thar js incentivized will be conducted
in the country intraducing the policy

Myth 5: Europe’s Problem is all abount
Commercialization

It s often assumed thar Europe’s main disadvantage in innovation as
compared to the US is its lack of capability for ‘cornmercializarion’ (sec
Figure 2) which stems from problems with the “transfer’ of kEnowledge.
in fact, EU problems don't come from poor Aow of knowledge from
research but from the EU firms’ smaller stock of knowledge. This is
due to the great differences in public and private speading on R&D,
While in the US R&D/GDP is 2.6 per cend, it is only 1.3 per cent in
the UK. In ltaly, Grecee and Porrugal — the countries experiencing the
worst effects of the eurozone crisis - R&D/GDP spending is less than
0.3 per cent (Mazzucato 201! 2hi.

If the US is bewter ar wacvation, it isn’t because umversity—indusiry

links are better (they aren’t), or because US universities produce mare

spimouts (they dan’). Ty simply reflects more research being done in
more institutions, which gencrates berter techricat skills in the workforce
(Salter et al. 20001, Furthermare, US funding is split between rescarch
in universities and early stage technology development in firms. Getting
EU universitics wo do both runs the risk of generating technotogies unfit
for the marker.

Thus there iz net a problem of research quality in universides in
Europe, nor in the collaboration between industry and universities,
which probably accurs mere frequently in the UK than the US. Nor is
there a problem in universities geucrating firms, which again occurs more
frequenly in Europe than in the US (althougl: theve are major concerns
about the quality of the firms thar are geacrated, Salier ee al 2000
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Nigluingale 2085, B E",ut'ulman-[irms la_ci-; the .Ell}i“l‘:.‘iﬂ il]i]“‘\'éll{' HETS
“,thm;,lug}-' wansler policies are ke ;}ushn‘ig. a g}uz-u: cal ;\rErmg. .
Move generally, e the economics of innovation ‘tELCl'Elllll'L" mf.:rcz
is often ralk of the Luropean Paradox™ - the i‘f:}lt_;{’;c‘LuJ'(; thar EU
counttries play a feading global rele m top-leve} scientific outpul, f-ma
tag behind in the ability to convert this strength inte ‘s'\-‘{?ﬂl[h-g_ﬁncrahng
innovations. Trosl, Llerena and Labini (2006) SupE}GI‘[ the poines mad_c
above by providing evidence that the reason_fbr European w_vcakncs_s. is
not, a3 is comemonly claimed, the tack of science parks or JFHEI?E[C{IICH}
heoween education and industry It is a wea%::?r systetn ol sc1e11t;ﬁ:.
research and the presence of weaker and less mnovative companies.
Pelicy implications include less empha:sis or ‘rfntw'm‘kmg and}morchon
pudicy measures aimed to strengthen ‘frontise’ res?a.rc%l or, pui another
way, a better division of labour between universities and companies,
where universitics shoubd focus on high-level research and firms on
: oy development. ‘
ECC::::} ]a?:_:}s‘fativc i-'icw — often voiced - is that Durope facks suﬁic;crnfl}r
specuiative stock markets to induce VIC investment (Janeway ?ﬂ 1 2] While
there are surely problems with the Duropean vennire capital mldustr}r
{Bottazzi and Da Rin 2002}, and there is perhaps not an eu:quwaiem
o 1 VASDAQYH, this view ignores how the overly sF}ecuIatlx-'c Us mo_del
undermines innovation. The problem is that the 1deoE+:{g}-' SLar‘rPund:ng
both the role of VG, the role of the stock market and innovation, and
the analysis of where Innovation comes from, has prevented a ‘healthy

*af fag nves 3 ustainable over time,
- balance’ of specuiation and vestimient to be sustainab

Myth 6: Business Investment Reguires
*Less Tax and BRed Tape’®

While there i3 a research component in innovation, ‘th-::rr: 1; not a
linear relationship between rescarch and development, 1‘;111.01-‘?;;10:} and
economic growth. While it is important that the frontiers of science
advance and that economies develop the r}odcs and nc_ax-.-'o_rl-cs that
enable knowledge to be transferred between d1ﬁ”eren_1 organizations and
individuals, it does not follow that subsidizing the activity of R&D per se
within indi:.-iciual firros fs the best use of taxpayers’ money. Although 1tlls
conmimon sense that there is a relationship between a decision 1o engage in
R&TD and its cost {see Myth 1), qualitative surveys of th_c ef?ecm—-'er}f:ss of
the RE&I} tax credit for baoth large and small firms pr-::awdf: ]1'{1tl|2 evidence
that it has positively impacted on the decision to engage in B&IDD, rather
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thaw simyply providing a0 welcome cash transtor o some Jirms Qe lave
alveady cove s’ Thoee s also a potendal problen wler the current
R&1) e cveclic system, i nwany countries, at it does ol hold Gy
accountable as 1o whether they have conducted new innovation that
would not otherwise have taken place, or simply pursued routine forms
of produet development. In time, therefore, as the entrepreneurial Siate
is bualt, it would be more effective to use some of the expenditure on
R&Dy tax credits to directly coromission the technological advance
in question. Recently, the Netherlands has introduced an R&D tax
crecit that targets not the income from R&D (easily fudged) but R&D
workers — and this has been found to be more cflective, creating the kind
of “additionality’ that income-based R&D tax credits don’t (Lockshin
and Mohnen 2012,

More generally, as Keynes emphasized, husiness investment
{especially innovative investment) 1s a function of animal spirits’,
the gut instinet of investors about future growth prospects. These
are impacted 1o a greater extent not by taxes but by the strength of a
nation’s science base, its system of credit creation, and its quality of
education and hence human capiral. Tax culs in the [980s did not
produce more investment in innovation: they only affected income
distribution {increasing ineguakity). For this same reason, ‘enterprise

“zones’ which are focused almose exclusively on tax benefits and
weakened regulation are not innovation zones. It would be best to save
that money or to invest it in properly run science parks for which
there is better evidence that innovation will follow {Aassey, Quintas
arnd Wield 1992),

It is important for innovasion policy to resist the appeal for tax
measures of <iffevent kinds — such as the patent box discussed above, ar
R&D tax credits — unless they are structured in such 2 way that wiil fead
to investments in innovation that would not have happened anvway, and
reaf evidence confirms it. Most of all, it is essential for policymakers to
be wary of companies that complain about “tax and red tape’, when it
15 clear that their own globat actions reflect & preference for areas of the
world where the Siate 1s spending precisely in those areas that create

- confidence and ‘animatl spirits’ regarding future growth possibilitics.

Thes chapter has argued that many of the assumptions that underlie
carrent growth policy should aot be taken for granted. Owver the last
decade or so, policymakers searching for proxies for cconomic growth

7 See HMRG, An Eraleation of BED Tax Crdits (20100 S an example of this

L
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have ooked 1o things they can measure such s RE&D spending, paicius,
gemure capital rvesument, aod the oumber of st oms har are
assumed to be important for growth, Lhave attempeed to densyseily these
assmprions and now turn to the largese myth of all: the limited role for
FOVETrNEETT I prociucing entrepreneurship, imovanion and srowth.



Chapter 5

THE STATE BEHIND THE iPHONE

Sty frungry, slay foolish
Steve Jobs (2005)

In his now weli-known Stanford University commencement address,
delivered on 12 June 2005, Steve Jobs, then CEO of Apple Computer
and Pixar Animation Studios, encouraged the graduating class o be
innovative by ‘pursuing what you love® and ‘staying foolish’. The speech
has been cited worldwide as it cpitomizes the culture of the ‘knowledge’
economy, whereby what are decmed Imporiant for innovation are not
Just large K& labs but alse a ‘culture’ of innovation and the ability -
of key players to change the ‘rules of the game’. By emphasizing the
‘foolish’ part of innovation, Jobs highlights the fact that underlying the
success of a company like Apple — at the beast of the Silicon Valley
revolution — is not {just) the cxperience and technical expertise of its
stafl, but {also} their ability to be a bit ‘crazy’, take risks and give ‘design’
as much importance as hardeore technology. The fact that Jobs dropped
out of scheol, teck calligraphy classes and continued to dress all his
life like a ceollege student in sieakers is all symbolic of his own style of
staying young and “foolish’,

While the speech is inspiring, and Jobs has rightly been called a
‘geniung’ for the visionary products he conceived and marketed, this
story creates a myth about the origin of Apple’s success. Individual
gemnius, attention to desizn, a love for play, and foolishness were no
doubt important characteristics. But without the massive amount of
public investment hehind the computer and Internet revolutions, such
attributes might have led only o the nvention of a new toy — not to
cutting-edge revolutionary products like the iPad and iPhone which
have changed the way that people work and communicase. Like the
discussion of venture capital in Chapter 2, whereby venture capital has
entered industries like biotechnology only after the State had done the
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sy rowndwaork, e genivs and foolishiness” of” Steve Johs ed 1o
aussive profis and success, Bargely becinse Apple was able 1o ride the
witve ol assive Stale ovestae s i e revolutionary” welwologics
that wderpinned the iPhove and iPad: the Internet, GPS, touch-sercen
displays .and communication technologies. Without these pulidicly
funded technologics, there would have been no wave o foolishly surf,
This chapeer is dedicated to telling the story of Apple, and i doing so,
asks questions that provocatively challenge the ways in which the role of
the State and Apple's success is viewed, In Chapter 8 we ask whether the
US public henefited, in terms of employment and tax receipts, from these
major risks taken by such an investment of US tax dollars? Or were the
profits siphoned off and taxes avoided? Why is the State cagerly blamed
for faited investmients in ventures like the American Supersonic Tramsport
(55T} project {when it *picks losers™, and not praised for successfid early
stage investiments in contpanics like Apple {when it *picks winners™? And
why is the State not rewarded for its direct investments in basic and applied
rescarch that lead to successfisl technologies that underpin revolutionary
commercial products such as the iPod, the iPhone and the iPad?

The ‘State’ of Apple Innovation

Apple has been at the forefront of introducing the world’s most poputar
clectronic products as it continues to navigate the seemingly infinite
frontiers of the digital revolution and the consumer electronics industry.
The popularity and success of Apple products like the iPod, iPhone
and iPad have altered the competitive Jandscape in mobile computing
and communication technologies. In less than a decade the company’s
consumer clectronic preducts have helped secure its place among
the most valuable companies in the world, making record profits of
§26 billion in 20E1 for its owners. Apple’s new i0S family of products
brought great success to the company, but what remains refatively
untknown to the average consumer is that the core technologies embedded
in Apple’s innovative products are in fact the results of decades of federal
support for innovation. White the products owe their beautiful design
and shck integration to the genius of Jobs and his farge team, nearly
every statz-of-the-art technology found in the iPod, iPhone and iPad
is an often overlooked and igrored achievement of the research cflorts
and funding support of the governmenr and military:

Oaly about a decade ago Apple was best known for its innovative
personal computer design and production. Established on 1 April 1976
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Table 3. Apple’s nesates, meos aond REDY Baares Bemween TR g 20111
(LSS millioas)

Nl osules
Y Globat Amerteas 1%d tPhone iPad MNE R&Ly Saless
Encorne R&TY
)]

20 1 108,245 8,315 7433 47037 20,338 25,902 r405 2
HHA 63,225 24498 B.274 25179 4938 HO13 1,7RE 273
20049 365,337 16,142 8,091 G744 nfa 3,704 1,333 355
2008 32479 14,573 9,153 1,3 afa 4854 1,109 341
2007 24006 11,596 8,305 123 nfa 34935 FHE2 3.6
2006 19,315 9.307 1,676 n'a wfa 1,98%  T1Z2 0 3409
2003 13,951 £,350 4,340 n'a afa 1,335 334 383
2004 8,279 4013 1,305 i nsa 276 489 391
2003 6,207 3,151 343 nda nda G0 471 759
2002 5,742 3088 143 nSa nsa 65 430 T7.49
2001 53,363 2,995 nfa nsa n/a {23 430 8.02
200C0 1,083 4,205 nsa nfa nfa WS 380 475
ES09 6,134 3,527 n'a nia nfa 601 314 5.2

Note: Apple's aneal nee sales, income and RE&D figures were obtained From company’s
annuat SEC 10-K Glings.

it Cuperting, Calfornda by Steve Jobs, Steve Wozniak and Ronatd
Wayne, Apple was incorporated in 1977 by Jobs and Wozniak to sell
the Apple I personal computer! The company was originally named
Apple Gomputer, Inc, and for 30 vears focused on the production of
personal computers. On 9 January 2007, the company announced it
was removing the ‘Computer’ from its name, reflecting its shift in focus
from personal computers to consumer electronics. This same vear, Apple
launched the iPhone and iPod Touch featuring its new mobile operating
systermn, 1035, which is now vsed in other Apple products such as the iPad
and Apple TW Drawing on many of the technological capabilities of
earlier generations of the iPod, the ifhone (and iPod Touch) featured a
revolutionary multi-touch screen with a virtual keyboard as part of its
new operating systerr.

P oIn 1977, &t the time of incorporation, Ronald Wayne sold bis stake in the company
to_Jobs and Wozntak for $3010.
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While Apple achieved notable success during its 30-vear history
by focusing on personal computers, the success and popularity of its
new 108 products has far exceeded any of its former achieverents in
personal computing® In the 3-vear period following the launch of the
1iPhone and iPod Touch in 2007, Apple’s global net sales increased nearly
460 per cent. AsTable 3 illustrates, the new i0S product line represented
nearly 70 per cent of the overall net sales of Apple in 2011,

The success and popularity of Apple’s new products was guickhy
reflected in the company’s revenues. In 2011, Apple’s  revenue
($76.4 billion) was so big that it surpassed the US ZOVErNIMEND’s operating
cash balance (873.7 billion) according ta the latest figures from the US
Treasory Department available at that dme (BBC News 201 b This surge
m Apple’s revenues was quickly wranslated into better market valuations
and Increased popularity of shares of Apple stock listed on the NASDACY
As shown in Tigure 11, Apples stock price has increased from 88/
share to $700/share since the Pod was first introduced by Stewve Jobs on
23 October 2001. The lavach of DS products in 2007 enabled the
company o secure a place among the most valuable companies in the US.?

2 When Apple first went puldic in 1980, its 1120 generated more capital than any
[P0 since Yord Moter Company in 1956, This created more instane millionaires
{arcound 300} chan any other company in history {Malone 19405,

3 When Apple stocks were traded at peak levels oo B0 April 2312, the surge o tle
slack prices pushicd the company's overall market value to 3600 hilkjon, Omnby a
fevwr companies in the US such as GF {S800 hilkion in August 20000 and dMicrosalt
($619 hillien, on 30 December 1999% have ever szen this ncredihle jevel of

Figure 11. Apple stock prices between 1990 and 20121

TEENE STANTE BELEENTY UL P I aE

QIBYIESN
o = o < =
S o
® =l ] = = 7 o
L 1 = 1 L ]

ELOZ
JaLog
8002
| LO02
00z
F00Z
£00Z
2002
0002
666
G661
9651
G851

FE61

2aG61
LBG
OES1

800 -
700
&00

500 4
400
300 4
200 4
100 -

i

I recard of s

2). At the time of this writing, Apple’s market value surpassed its fong-Gime rivad Microsolt's {nor

valuation {Svensson 201

5619 biflion valuztion
4 Source: Yahoo! Finance

fed at a new peak of approximatcly $700/share hrween 18 and 19 September 2012,
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As indicated by Figure 10 and documented i company firancizl
reports, the rampant growth in product sales foltowing the taunch of the
105 family of products paved the way for Apple’s successful comeback
from its wobbly conditions in the late 1980s. Interestingty, as the company
contnued to launch one new product afier the nexr with increasing
success, the company’s financial reports reveal a steady decline in the
global sales/R&ID ratios, which indicate the portion of funds allocated
to R&D activities in comparison to global product sales was falling over
time {see Table 3). [t could be argued that this is simply a testament o
how unprecedented and exponential growth in producr sales was relative
ta the annuat growth of R&D expenditures. It could also be interpreted
as the expected ourcome of steady investment in R&ED eflorrs. However,
when viewed in the context of just how caompetitive the product markets

-are for consummer electronic producis, these rather unimpressive R&D
figures stand out. Long-time Apple analyst Horace Schimidt approaches
this issue from a different angle by comparing Apple’s RE&ED figures
against that of the company’s rivals. According o the data compiled by
Schimidt (2012} and presented in Figure 12, Apple ranks in the bottom
three in terms of the portion of sales allocated for supporting R&D
activities among i3 of its top rivals.

T SUNTE BEFNE TR @ 100N a4

Schmielt thevefore inguires T Apple numages 10 wey vy wilh
such a relatively low rate of R&IY fas a pereentage of sales ratios) in
comparison  its competitors while «ill outpacing them in Prodiect
sales. Many Apple experts explain this mrarginat R&IY productiviey as
the company’s suceess in implerenting effective R&D Programines in a
fashion that can oniy be seen in smali technology start-ups, There is no
doubt that Apple’s ingenuity in engineering design, combined with Steve
Job’s commitment to simplicity, certainly contributed to its efficiency:
But, the most crucial facts have been omitred when explaining this figure,
which is that Appic concentrares its ingenuity not on developing new
techmologies and components, but on infegraling them into an innovative
architecture: its great in-house innovative product designs are, ke that
of many ‘sinart phove’ producers, based on technologies that are rnostly
invented somewlhere else, often backed by tax dollars. The Following
section will provide historical background an technologies that enabled
the future glory of the company.

Surfing through the Waves of
Technological Advancements

From its humble beginnings selling personat commputer kits to its current
placcastheleaderinthe globatinformaron and communications indusery,
Apple has mastered designing and engineering technologies that were
first developed and funded by the US government and military Apple’s
capabilities are mainly related to their ability 10 {a) recognize emerging
technologies with great potential, (b} apply complex engineering skills
that successfully integrate recognized emerging technologies, and
iehmainiain a clear corporate vision p riovitizing design-oriented product
development for ultimate user satisfaction. It is these capabilities that
ave enabled Apple to become a global powerhouse in the computer and
clectronics industry During this period prior to launching its popular
103 platform products, Apple received enormous direct and/or indirect
government support derived from three major areas:

11 Direct equiry nvestment during the early stages of venture creation
anc growth,

2] Access to technologies that resulted from major government rescanrch
programmes, military initiatives, public procurement COMLracts, or
that were developed by public research institutions, all backed by
state or federal dollars.
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A Greation of lax e o leehnology policies thar supported US
companivssuech as Apple tat allowee thent wo sustain Cheir tinovation
elforts during Umes whies national aned for giubat challenges hincered
LS companies ftom staying ahead, or cansed thermn 1o fal]l Behine in
the race for capluring world markets,

Each of these points is elaborated on in the following section, as the
histories of key technological capabilities underlying Apple’s success are

traced.

From Apple I to the iPad: The State’s very visibile hand

From the very start, Jobs and Wozniak sought the support of various
public and private funding sources in their effort to form and develop
Apple. Each believed in the vision in their mind: tha: enormous value
could be captured from the technologies made available mosthy asa result
of the prior efforts of the State. Venture capital ploweers and Siicon
Valtey legends such as Don Valentine, founder of Sequela; Arthur Rock,
founder of Arthur Rock & Company; Venrock, the veature capieal
arm of the Rockefeiler Family; and Fairchild and Jntel veteran Mike
Markkula were among the first angel and cquity investors who bought
Lo their vision {Rac and Searuffi 201 1}- In addition 1o the technologics
that were going to help Apple revolutionize the computer industry, the
compainy also received cash support from the government to implement
s vistonary business ideas in the coimnpuier industry, Prior to its IPO

n 198G, Apple additonally secured 3509,008 as. an early stage equity -

nvestment from Continental IMinois Venture Corp. {CIVCY, a Small
Business Investment Gompany {SBIC) licensed by the Small Business

Administration {a federal agency created in E955) to ivest insmall
b Y o g

firms {Stater 1983; Audretsch 1995

As briefly discussed in Chaprer 4, the etergence of personal
computing was made possible by the technological breakihiroughs
achieved through various public-private partnerships established largety
. by government and military agencies {Markusen et al. 1991; Lazonick
2003; Block 2008; Breakthrough Institute 201G When Apple was
formed to sell the Apple [ personal computer kit in 1976, the product’s
. key technotogies were based on public investments made in the compater
nctustry during the 1960 and 1970s. Introduction of silicon during this
period revolutionized the semiconductor industry and heralded in the
start of a new age when access to affordable persenal computers for
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wicler consumer markers was made possibie. These Lyeaktbironghs were
the result of rescarch carcied out in varvious public private parinerships
al labs jucluding those at DARPA, AT&T Bell Labs, Xerox PARC,
Shockley and Fairchild, w name a few Silicon Vailey guickly became
the pation’s ‘computer innovation hub’ and the resulting climaee
stimulated and nurtured by the governments leading role in funding
and rescarch (hoth basic and applied) was harnessed by innovative
entrepreneurs and private industry in what many observers have called
the ‘Internet Califurnia Geld Rush’ or the “Silicon Gold Rush’ {(Kenney
2003; Southwick {5991

There are 12 major reclinolegies integrated within the iPod, iPhone
and iPad that stand out as featares that are either ‘enablers’, or that
differentiate these products from their rivals in the marker. These include
semiconductor devices suchy as {17 microfrecessors or camiral processing wnits
(CPUY; (2} dyaamic randon-access memory (DRAM; as well as (3) micro ford
drive storage ov hard drive disks DD 4y liguicd-crystal aiifpe'c;}'tc .{LG?S};
2% litfpm-polymer {L-pol) and fum-fon (Li-lon) batzeri?s; () digital sigral
processing (DSP), based on the advancement in fast Ffourier transform {FFT)
algorithms, {7) the faternes; (8} the Hypertext Trangfer Protocol (HTTP) and
fivpertext arkup Language (H'TMLY (3 and ceflvlar techinology and nefreorks -
all of which can be considered as the core enabler technologies for
products such as the iPod, iPhone and iPad. On the other hand, {10) glodal
:imsz'ffanirzg spstenns (GPS), (1) cfick-whee] navigation and mudf-touch soreens,

(12} and argificial inteiligence with @ votce-user interface program (ak.a. Apple’s

SIRI} are innovative features that have drastically impacted consumer
expectations and user experiences, further enhancing the popularity and
success of these products. The lollowing sections take a closer look at the
core technologies and features that Apple has managed to ingeniously
integrate, indially b the iPod and Fater in the iPhone and iPad.

How State-funded research muade possible Apple’s
“invention’ of the iPod

Shortly after introducing the firse generation iPod in 200, ﬁpple began
to create waves of new innovative products {e.g. the iPhone, iPad) that
would eventually revolutionize the entire mobile entertainment industry.
The iPod, a new portable handbeld device, allowed consumers to store
thousands of songs without using any casseties or GDs. In the early 2000s,
this new Apple device was gaining popularity among consurners and
replacing portable devices such as Sony’s Walkman and Discman in the
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ankel This nevel application ol existiog nmenetic storragee Wecledosy
heretine cnalded Apple 1o ke o oan deonic rival sech as Sy, anel
eventiuatlly o rise o the top ol the mnsic and enteraiiment marker i Adner
2 The success of iPod in gaining a competitive market position was
mportatt in two major aspecrs: {13 the success was going o set the stage
fov Apple’s comeback from years of stagriant, i not declining, growth;

and, {2} the popularity of this new product would constitute precedence 1o
a [amily of new mmovative Apple {08 products. While this much is often
known and noted, the fact that much of Apple’ssuccess lies in technologies
that were developed through government support and -funded research is
an often overlooked story to which | now mmn.

Giant magnetoresistance (GMR), SPINTRO?\HCS
programme and hard disk drives

A rare mstance of public recognition of the role plaved by State-backed

teclnologicat rescarch in paving the way for Apple products occurred -

during the 2007 Nobet Prize cerrmony. European scientists Albert Fert
and Peter Granberg were awarded the 2007 Nobel Prize in Physics for
their work in developing glant magnetoresistance (GMR). The GMR is
a guanturn mechanical effect observed in thin-flm lavered structuves,
for which the main application has been in magnetic fieid sensors
used in hard disk drives (HDIY and other devices, In his Cereinony
remarks, Borje Johannson (2007}, a member of the Roval Swedish
Academy of Sciences, explained what the inventon of GMR meant for
soziety by attribuimg the existence of the iPod to this major scientific
breakthrough,

Tavention and commerciabzation of the micro hard drive is especially
nteresting since the technotogy development process from its oxigin to ity
current form illustrates the rele of government not only in establishing
the science base {or innovation, but also in facilitating the advancement
of abstract ideas into manufactured ard commercially viable preducts
{MeCray 2009}, What started as two separate and independent acadenic,
Seate-funded and ~supported research projects in physics in Germany
and Irance culminated inio one of the most successful technology
breakthroughs in recent years, worthy of the Nobel Prize. Following this
scienidic breakhrough that D Fert and Dr Grinberg achieved, other
rescarchers successfully expanded the size of data storage in conventional
liavl disk drives during the 1980s and 1990s, breaking new ground
for [ware research and technological advancement. (Overbye 2007
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Whike the major scicadtic reakibeoagh e GRIE was accomplished in
Purope, the US government plaved a critical vele i the Basic research
as well as commercialization of this technology. B Peter Greiinberg's
tahoratory was alfibiated wit]l Argonne National Laboratory  (the
US Deparument of Energy’s largest R&D lab, located in Hlinois) and
received critical sapport t1 o the Department of Energy (Dol prior
ter his discovery (DoE 2007 Based on these developments in hard disk
techrology, companies such as IBM and Seagate moved quickly o
translate the newknowledge into successful commercial products Mo Cray
20080, Despite the advances taking place in the hard drive industey at the
time, they would experience similar competitive challenges faced by the
semicondector industry in the late 19805, which I discuss m the following
section on semiconductor devices.

I his 2009 study;, MoCray details how DARPAS war-related missions o
creare and sustain an novation ecosystem for preducing superior defence
technologies was translormed during peace time by the new mission
of transforming those prior nvestments ko technologies supporting
coonomic competitiveness. MoCray (2009 documents that the Department
ol Defense (Dol inidatt:cf the Technology Relmvestment Program {TRP}
and allocated $800 million to upgrade the nation’s existing technological
capabilities following the Colkd War Through TRE DARPA iarpeted
chuat-use technologies that would benefit the military as well as produce
commercially viable technologies such as SPINTRONICS. McCray
(2009 especially docienents the increase in scientific research efforts and

publications’ 1aking place duwring DARPA:s support for SPINTRONIC
aurmg 19905, McCray (2009, 74) also argues that the vole DARPA played in
the advancemmernt of this technology was not ‘insignificant’, simply because
the programme was imitiated during the tme when Japanese competition
in cosmpater clectronics was pushing comprter giants siech as IBM and Beil
Labs to downsize spending on basic research.

Solid-state chemistry and silicon-based
semticonductor devices

Since the launch of the first iPod, the first major new Apple produce
has evolved many times and also inspired the design of the fueure {Pad

5 SPIN TRansport <lecteONSCS (SPIVTRONICE), indially called the “Magnenic
Materials and Devices’ project, was a public-privale consortium. It consisted of
DARPA and industry leaders bul was nilated {and funded) by DARPA in 1993,
with the total governmml investnen: of §100 mxillion during its existence.
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aacl iPhone. Ameng e Getors that lave macde twes tPel, TPheme andd
iPadl possible todiy are dlu sonall mierochips that enable landheld smar
deviees o process Boue amounts of nformation and pass it througls
HICMery in oa virtual insiang, loday, cenural processing umits {GPUs)
depend on integrated cireuits {ICs! that are considerably smaller in
size and Feature much larger memeory capacity in comparison o the
integrated circuits once used for processing needs and first designed
by Jack Kifby and Robest Noyee in the 19505, The invention of new
siticon-based [Cs led 1o technologicat developments in various fields in
electronics. Personal Computers (PCs), celtular technelogy, the Internet,
anc most of the electronic devices found on the marker today utilize
these smart, tiny devices. The Journey of 1Cs from Bell Labs, Fairchild
Semiconductor and fucel into devices such as iPhone or iPad was aided
by procurement by the US Air Force and NASA. As the sole consumers
of the first processing units based on this new circuit design, defence
contracts helped fund the development of the infan: MICrOprocesson
industry and those intreducing complementary electranic cquipment
and devices that were simply unaffordable in regular commercial
markets. Large-scale demand for microprocessors by the S Ajr
Force was created by the Minuteman I missite programme. NASAS
Apolle mission pushed the technological envelope, requiring significant
mprovements in the production process of microprocessors and also
greater memory capacity In oturn, each of the SOVERIIMEeNt agencics
helped 1o drive down the costs of integrated circuits significantly within
a marter of vears® _

Aithough the US was the home for eariy innevation in semicond uctors,
throughout the 1980s, Japan was developing advanced manufacturing
capabilities and competitive memory produces at a faster pace’
Given the significant tole of serniconductors in defence technologies,”
the Dol considered the industry vital to s military. capabitities and
national security Growing {ears that the manufacturing equipment
essential for production of these technologies, now vital 1o naiional
defence, would be imported from countries like Japan spurred h

Do) to act. The result was the Strategic Computing Initiative SCH

Lower costs hecame visiile when the price of a microrkip for the Apallo progra
[} Jromm $1,004 per wnit 1o anywliere Betweest 320 10 §50 per unit within just few
vuars {Breakihrougl 20100,

F Roland and Shimen (2002, 1531 docoment Japan's signilican, progress i the
glabal chip market as having 0 per cont markel share as opposed ww 1he TSs ¢00
[rer cent share in 19705, o 80 per cont global markel shaoe o 1996,

i
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which allocatec cver 51 Bilizon 4o suppore rescancl eilints D advaneed
computer teclnologies between 1983 and 1993 (Baoland sl Shiman
2002} Additionally, the manufacturing ol highly advanced webmologies
such as microprocessors had significant economic boplications that
required collaborative eflorts between the government and indus?ry.
Recognzing e unigue opportunity that semiconductor Inantffactua‘mg
would provide, and fearful of the consequences of lagging behind newly
emerging competitors in semiconduactor manufacturing such as Japan,
the federal government gathered competitive domestic manufacturers
and universities together to form a new partmership, the Semiconductor
Manufacturing Technotogy (SEMATECH! consoreum. -
This move, to advance US-based seiniconductor manufacturing
technology and capability above and bevond that of che nationl’s
competitors, was part of an overall effore 1o promote US cconomic
and technological competitiveness globaily. The process of organizing
collaborative  eflort  between  semiconducter  compamdes  through
SEMATECH was a challenge for the government. In order to make
this parinership more appealing, the US government subsidized
SEMATECH R&D with 5100 million annualhy Over time, the
members of the consortium came to recognize the benelits of the R&D
partviership {ostered by SEMATECGH. The extensive knowledge sharing
elforts that took place among members of SEMATECH helped them
avoid duplicating research efforts and transtated into less R&D spending,
The advanced perfrmance and affordability of microprocessors

~and memory chips today are to a great exient the result of vears of

government intervention and supervision (Irwin and Klenow 1996).

Irom capacitive sensing to click-wlheels

As the pionecr of personal computers, Steve Jobs was on his second
mission for re-revoiutionizing thern. His vision for Apple was to prepare
the company lor the post-comnputer era, in what he envisioned and often
acknrowledged in his intervicws and media appearances as the new era
of the consumer—computer refationship. During an interview at the
2010 D8 conference, Steve Johs explained his vision of the Rature for
computing by using the analogy of rapid urbanization alnd its effects on
changing consumer views and the need for transportation Hob:} 2‘{]19}.
Puring ius talk, Jobs redefined Apples overall strategy as b_l.uldmg a
family of products around the concept of fragmented computing ne?ds
by difterent uses. Jobs often acknowledged his trust in the data processing
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techuologios Uat lad cnabled Apple to come e il cornpriet prortichle
devices It was these processing lechnologies leading 1o the portable 1035
procucts that everally replaced dusktop computers, o do this, Apple
had begui to work on building a periphery of’ portalile 05 devices,
witlt the Mac becoming the “digital hub’ that would integrate the entire
procuct family together {Walker 2003).

Blespite his sirong opposition to tablet computers in the 19305 and
1390s, upon his return to Apple in the late 1990s, Jobs had decided
that the tme was right to focus once again on tablers. Underlying
this shift i perspective was the fact that technology in semiconductor
devices, batteries and displays had progressed significantly. However, a
challenge still remained given the absence of sophisticated technology
to successfully replace the sgdus pen, a feature that jobs had long despised
and considered an inconvenience (Isaacson 201 1, 490). The emergence
of more sophisticated applications such as inertia scroliing, finger
tracking and gesture-recognition systems for touch-screen-enabled
displays presented Jobs and his team with the possibility of moving
forward (and far beyond the stylus pen]. Jobs and his team thus gathered
experts together that could integrate these new technologies. The end
results included replacing buttons and roll-balls on devices, developing
a new pavigation syster, and enhancing nput technigques on touch-
screens. .

The iPod’s dlick-wheel component that allowed users 1o navigage
quickly through their music library was part of Apple’s earlier atterpts
ta impleraent touch-hased featuves with finger scrolling In addition to
the micro hard disk drive for the storage ol memory intensive digital
records, the finger scrolling click-wheel feature also differentiated the iPod
fromn the majority of other available portable music plavers. Although
the apptication of finger serolling was something novel at the time, the
technology behind this feature had been around far decades. The click~
wheel significantly benefitted from the capactlize sensing technology widely
applied in the design of various other products.” In fact, the click-wheel
feature was not the only feature of Apple productz that benefitted from

fas]

Drring his TV bneerview on 30 Aprdl 2012, Tony Fadell, wha was in the aviginal
iPod design team, revealed the challenges Apple was fwcing with Anding ways
i replace lateons on the new gadget. Available Trom: bhtip: AAsvheverge,
coen A AL RS 30 2OBBAEL nu-the—verge-G5- Llom=lfadelbinteeview [accessed 12
April 20135)

B Caparitive seusing is a techaelogy that dranws on the human body's ability 1o act as a
rapacitor and store clectric charge.
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capacitive sensing,. The 1Pod Touch, 1Phone and i%5u™s umefii-foscl; veree
alsa embaodies the same principles of ingesst-operaced scrodlingg nn oa
glass screen.

E. A, Johnson, considered the inventor of capacitive touchi-serecns,
published his first studies in the 1960s while working at Roval Radar
Establishment (RRE), a British government agency established far
R&D) of defence-refated technologies (Buxton 20120 One of the
first notable developments of the touch-screen was at the European
Organization for Nuclear Research (CERIN) by Bent Stumpe and -his
collcague Frank Beck in 1973 {CERIN 20100 Samuei Hurst’s invention
of resistive touch-screens was another notable breakthrough. Hursts
invention came right after leaving Oak Ridge National Laboratory
(a national research laboratory in Tennessee established in 1943 and
the sitc of the Manhattan Projece and first functional nuclear reactor’
for two years to teach at the University of Kentucky {Brown et al,,
n.d.). While at University of Kentucky, Hurst and his colleagues
developed the first resistive touch-screens, Upon his return to Oak
Ridge, they started a new company in 1971 to commercialize the
new technology and preduced the first functioning version in 1983
{Brown et al., n.d.). Earlier work on touch-screens in the 1970s and
1980s, such as that conducted by johnson, Stumpe, Hurst and others
continued in different public and private research labs, creating the
foundations for today’s important multi-touch applications {Buxton
2012). Among various other factors, moving from touchpads with
limited functionality to mubti-touch screens was a major leap forward
for Apple in the smartphone race. Along with the other technological
advancements they exploited, Apple has not only helped redefine the
markets it competes from within but has also defined a different path

for growth.

The Birth of the iPod’s Siblings: The iPhone and iPad

Apple’s new vision included radical redefinitions of conventional
consamter products and was a great success, The introduction of the iPod
generated over $22 hillion in revenues {or Apple. It was the compan}-"s
most important global product until the iPhone was introduced in 2007,
The cohesion of aesthetic design, systemn engineering and vser experience
combined with great marketing helped Apple rapidly penetrate and
capturs market sharve in different consumer electronics markets. Apple’s
nclv.r generation of iPods, iPhones and iPads have been bult under the
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sssuenpitione (s new consuer needs s [relevences can be dinenied T
Iy bricleing existing webmologies developerd atter devacdes of BOVELTHRC
suppart. As a pioneer ol the smargphone’ revolution, Apple led the way
e successiully Dutegraving cellular conununication, maobile COmpatitg
ane digital entertainment technologies within a siogle device. The
iconic iPhone dramaricalty altered consumer expectations of what a
cetlutar phone was and can do. With the inuoduction of the tPad, Apple
transformed the portable computer industey that had been dominated
for decades by laptops, nethooks and other devices, By offering a stimmer
handheld device equipped with a large touch-screen and virtual kevhoard,
with solid interner browsing and multimedia capabilitics, along with
broad compatibility across other Apple products and applications, the
tPad virtually created a new niche and capiured it at the same time. In
tess than a decade, Apple singtehandedly came 10 dominate the consumer
elecrronics ndustry, a restament to Apple’s mgenity in consumer-oriented
device product design and marketing, as well as their organizational
capabilities in managing complex ‘systems integration’ {Lazonick 201 11,

From click-wwheels to multi-toucit Screens

Development of wouch-screen displays recognizing multi-touch gestures
was one of the most imposrtant technologies integrated into Apple’s
devices and for their suceessful introduction of pocket-sized portable
devices such as the iPod. The technology allowed human—machine
interaction through a new interface that allowed fingers to navigate
the glass surface of LCD displays included with handleld devices, As
with the dick-whee! leature, the technology behind this ground-breaking
new way to interface with electronic devices relied on earlicr basic and
applied research that had been supported by the State. During the 1990s,
touch-screen technology was incorporated into a variety of products by
rumercus computer developers, meluding Apple, but the majority of the
touch-screen technologies available during these carlier days were only
capable of handling single-touch manipulation." The introduction of
multi-touch scrolling and gestures was developed by Wayne Westerman
and John Elias at the University of Delaware {Westerman [999).

19 As a world-renowned expert an towch-sercen teehnofogy, Bl Buxton provides
an extensive archive of electronic devices with touck-screen applications,
The list of Apple products with ehe wuchpad festure can be seen onfine at
ket Aresearch. microsoft.com s en- vsSum s peoples ibusions huxtoncolleclions
faccessed 12 April 20103
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Wavree Woslerman was o doctoral candichae woagler 1he SLRCTVINION s
ol i’a‘o;bssm‘ Jahn Blias studying neurornorphic svsiems a1 the ipuldicly
funced) Unnersiey of Defaware, as part of the Nadonal Science
Foundation INSF) and Central Intelligence Agency/Director  of
Central Intelligence [CIA/DCI) Post-Doctoral Tellowship programme
{Westerman 1999, Tollowing the completion of Westerman's PhD,
he and Elias commercialized this new technology after founding the
FingerWorks company Their new product, called “iGesture Numpacd®,
cnabled many computer users to enter input by applying ‘zero-force’
pressure on an electronic screen with no need of addidonal devices
such as a keyboard or a mouse. The underlying scientific base and
patent application for the new finger tracking and gesture identification
system was built oa the carlier studies on capacitive senving and fouch-screen
t;achnologics. FingerWorks” successful attempt to translate prior touch-
sereen research into a commercial product was quickly recognized by
Apple, which was interested in developing a multi-tonch navigation
capabifity on a fulty glass LLCD display for the new generation 105
products. FingerWorks was acquired by Apple in 2003 prior to the
launch of Apple’s first generation iPhone in 2007, and today this new
technelogy lies at the heart of the coveted mubti-touch screen {eatured
on Apple’s 108 products. As a resubt, Westerman and Elias, with funding
from government agencies, produced a technology that has revolutionized
the muli-billion dellar mobile electronic devices industry. Apple’s highly
comprehensive intellectial property portfolio had benefited, once again,
irom technology that was originally underwritten by the State.

Futernef and HTTP/HTALL

Although the iPhone appears to be a ‘cool’ gadget with its cutting-edge
technology features and hardware components, what makes a phone
‘smart’ is its ability o connect phone users to the virtual world at any
point in time, With the artificial intelligence application named SI1RI
on beoard, the iPhone appears to be attenyping to outsmart its users.
After replacing the handset-industry-standard kevpads with touch-
screens, SIRI is Apple’s attempt to transform input entry and navigation
interfaces. As Apple’s ‘smartphone’ continues to evolve into an even
smarter device, it is important to recognize and value the underlying and
necessary intelligence and technological capabilities that have smare-
wired, i you will, this smart device. If hardware, software, memory and
the processor were to be the body, soul and brain of a computer, what
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dows the Tnternes, Flypertest "Franslor Protocal FHEEP; o Hyperies
aarkap Lavguage (FITMLY means 1o LY CONLEDLELCT OF SToaT chevice?
O, whae would 2 compater or sinarl device Le worlly i the abscuce
ol Internet or withowt cellular cormmunicarion capatbilitg? Answers o
these questions can help us understand the value of the networking
capabilities of smart devices. But meore importantly, they can help us
understand the value of support efforts that the goverriment Plaved in
the process of inventing and developing cellular technology, the Internet
and satellites,

During the Cold War era, US authaorities were concerned about
possible nuclear atracks and the stare of communication. networks
following the afiermath of possible aitacks. Paul Baran, a researcher at
RAND - an organization with its origins in the US Air Force's project
for ‘Research and Development’, or RAND for short - recommended a
solution that envisioned a distributed network of Cosmmunication staiions
as opposed to centralized switching facilities. With a decentralized
communication system in place, the command and network system would
survive during and after nuclear atacks {Research and Development
2011}." The technological challenges of devising such a neowork were
overcome thanks to the various teams assembled by DARPA to work
on networking stations and the transmission of mformation. Although
DARDPA approached AT&T and IBM to build such a network, bath
companies declined the request believing that such a nerwork was a
threat to their business; with the help of the State-owned British Pose
Ofhce, DARPA successfully networked various stations from the west to
cast coast {Abbate -1999). From the 19703 through the 1990s, DARPA
funded the necessary communication protocol {TCOP/IP, operating
systemt (UNTX) and email programs needed for the COMITIuIticaiion
system, while the National Science Foundation {MNSF) Initaed the
development of the first high-speed digital networks in the US iRenney
2003}

Meanwhile, in the late 1980s, British scientist Tim Berners-Tee
was developing the Hypertext Markup Language (HTML), uniform
resource locators (URL} and uniform Hypertext Transfer Protocol

1l Oiher goals of the new newvork project wore (20 o save COMPULING £0813, as
goverament contractors across e US would be able o share computer
resources; and (b) 1w advance Ui ‘state-of*the-ast in dars commatications
wr cnable transfer of information Between machizes over long distanees. An
additional goal {¢] was to foster collaboration between contracied rescurchers i
diflerent locations,
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HTETEI AW riglu 1997 Berners-Loee, with the helpr ol ool Compey
scienenist nasned Robere Cailliaw, implemented e Grse soceessiag 14T TP
tor the computers instalied at CERN. Berners-Lee and Gaillings 198
manifesto deseribing the construction of the World Wide Web eventually
Became the fonternationat standard for computers all over the workd o
contnect. Pablic funding las played a significant role For_ the Tuternet
from ils conception to its warldwide application, The lnterner is now
i many ways a foundational technotogy that has affected the course of
world history by allowing users all over the globe to engage in knowledge
sharing and commercs using computers and popular smart gadgers such
as the iPhone, iPod or iPad.

GPY and SIRT

. . . . .
Another grear feature that an Pod, Phone or Pad offers s global
positioning systemn {GPS) integration. GPS was an attempt by the
Dob o digitize worldwide geographic positioning to enhance the
ceordination and accuracy of deployed wmilitary assets {Breakehrough
Institute 2000 What initially began in the EE??E_}S_ as & SLriCtE}"!nlilEaT}'—
usc-only technology s now widely available to civilians for various uses.

“In face, civiliar use of GPS guickly outnumbered military utilization

toilowing the refcase of GPS for public applications in the mid—lgg_[]s.
Yet, even today, the US Air Force has been at the forefront of developing
and maintaising the system, which costs the government an average
of £705 million annwaliv”™ An iPhone user can search for a nearby
restaurant or an address, based on the NAVSTAR GPS systeimn, which
consists of a Z4-sateilite consteliation providing global navigation and
timing data for its users. This technology, as well as the infrastructure of
the sx;tem} would have been impossible without the government taking
the initiative and making the necessary financial commitment for such
a highly complex system. ‘

Apple’s latest iPhone fiature is & virtual personal assistant known as
SIRL And, like most of the other key technological features in Apple’s
05 products, SERT has its roots in federal funding and research. S.IRI
is an artficial intelligence program consisting of machine learning,
natural language processing and a Web search algorithm (Roush 20101
In 2000, DARPA asked the Stanford Research Institute (SRI) to take

i2 The Dold cstimates that, in 2000 doliars, the development and procedure of
the systen: cost the Alr Foree £3.6 billion between 1972 and 2000 {0eB 20115,
The figure docs not inclucde milizary vser equiptoent
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the leac emn a project o develop o sort of “virtual olfice assistan’ Ly
assist military peesonnel, SR wasy Put i charge of coordinating the
“Clogiaitive Assisting that Learns ard Organines” (CALOY) Project which
iclucted 20 wriversities all over the US tollaborating to develop the
necessary technology base. When the iPhone was launched i 2007,
SRI recognized the opportunity for GALO as a smartphone application
and then commerciatized the technology by forming *STRT as a venture-
backed start-up in the same vear In 201 0, SIRT was acquired ly Apple
{or an amount that is undisclosed by both parties,

Changing industry standards from keypad to touchpad input and
adding GPS navigation was a significant achievement when iPlione was
first ineroduced. A second game-changer for cell phone, merdia player

and tabler computer developers was the intoduction of mufti-touch

screens and gesture recognition. Winh SIRI, Apple introduced another
radical idea for a device inpur mechanism that has been integrated
within various i0S features and applications. The introduction of
SIRI has launched a new round of tedletining standards of human-
machine interaction and creates a rew means of interaction between
the user and the machine, Steve Jobs often acknowledged the porential
~of arrificial intelligence and his nterest in the fuiere of the techuoiogy:
Buring his 2010 interview with Walt Mossberg and [{ara Swisher {20108
at the California D8 conference, Jobs had shared his excitement about
the recent acquisition of SIRI by Apple, and talked about the great
potential the technology offered. Onee again, Apple is on the verge of
building the future for information and communication industry based
o the radically complex ideas and technologies conceived and patiently
fostered by the government.

Battery, display and othes technologies

The story of the liquid-crystal display (LCDY shares great similarities
with the hard disk drive, microprocessor and memory chip {among other
major technologies) that emerged during the Cold War era: it s rooted .
in the US military’s need to strengthen its technological capabilities as
a matter of natignal security Rising competition from the Japanese fat
panel display {FPD] industry was a coneern for the Dol) becavse the
US military's future demand for the technology could nor be met solely
by the japanese suppliers. Given this determination, the Dol began
implementing a variety of programmes geared wwards strengthening
the industry’s competitiveness, including the formation of an industry
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consortium and deployment of new resowreces lTor the improven et ol
menafaciuring capahilities and commercial produces,

‘Fhe major breaktbrough in LCD technology came abont during the
L3705, when the thin-film transistor (TFL} was being developed ac the
laboratory of Westinghouwse under the direction of Peier Ei‘ﬂ{]}". The
research carried out at Westinghouse was almost entively funcled Dy
the 'S Army (Hart and Borrus 19921 However, when management
at Westinghouse decided to shut down the research, Brody sr}ugh[: {IJut
possible funding opportunities eisewhere in the hopes of’ (:,ominermalazmg
this technology independently. In the process of appealing for contracts
to ramp up the production of TFT displays, Brody contacted a number
of top computer and clectronic companies including Apple ?nd OEhers
such as Xerox, 3M, IBM, DEC and Compag. All these major private
companies refused to sign on with Brody largely because they d:I:-ubted
his ability to build the manufacturing capability necessary to provide the
product at a competitive price compared to his jag?a?esc counterparts
(Florida and Browdy 19921, 511 In 1988, after receiving a $7.8 million
contract from BARPA, Brody established Magnascreen to develop the
TITF-LCI. This advancewient in the LOD technology became the basis
for the new gencration displays for the portable electronic devices such
as microcomputers, phanes, etc,

Ilorida and Browdy argued that this pattern of the inability of
private actors to build or sustain manufacturing capabilitics in various
E’:igh—icchnol:}g}' fields presented a broader problem with the narion’s

innovarion systeau

The logs of this [TTTT-LCD] display technology reveals fundarental
weaknesses of the LS, high-technology system. Not only did our iarge
corporations lack the vision and the persistence to turn this i‘zwcntmn
into a marketable product, but the venture capital financiers, who
made possible such high-technology industries as semiconductors
and personal compaters, failed too. Neither farge nor small ﬁr‘ms
were able (o match a dazeling innovation with the manufaciuring
muscle needed for comimercial production. (1991, 43)

Inanattempt o rétain the manufacturing of TFT-LCDsin the US_.-EEIC
Advanced Display Manufacturers of America Research Consortu.}m
PADMARC) was estabiished by the major display manufacturers with
initial funding appearing from the National Institute of Standards
and Technologys (NIST) Advanced Technology Program (ATP)
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(Vloridie and Browdy 190915 4, iclustry also received additional
assistance o the US goverumen: iy the form ol antdumping
tardtls fwhife ae the saome time touting e “free compeltion’ Hnel, as
well as fends and conrracis Jrevvicac] by various military or civitian
ageneies that supporied many #tart-ups in the US as parr of an effort
to develop manufacturing capabilities of TUVT-LCDs in the 1990s
{OTA 1995,

The tithium-ion battery is another example of a US-invented but
Japanese-perfected and manufactured-ht-voluyme technology  John
B. Goodenough who pioneered the early research an tthium-ion battery
technology received his main funding support from the Drepartement
of Energy {DoF) and National Science Foundartion (NST) in the late
1380s {Henderson 2004 OSIT 2009). Major scientific breakthroughs
accomplished at the University of Texas at Austin were quickly
commercialized and lavnched in 1991 by the Japanese electronics glant
Sony. Ina 2005 working paper for the National Institute of Standards
and Technology (NIST), Ralph [ Brodd {2005} identified issues with
the advanced battery industry innovation mode! that were similar
to the issues within the TFI-LCD industry: Another major scientific
success faded away without greater value being captured in the form
of US-based high-volume manufacture, Brodd’s study identifies the
factors hindering the volume produciion of tthinm-ion batteries in the
US, but particularly placed emphasis on the shori-termist approach of
US corporations and veniure capitalists. Brodd (2005, 22) argued that
their short-termism was based upon achieving rapid financial returns {in
comparison o their Japanese coanpetitors” focus on maxmnizing market
share in the long runy, which aften discouraged them from aiy interest
in building the domestic mamuacturing capabilities while encoLraging
outsoureing of manufacture as an oplion,

Absence of a battery technology that met the stovage capacily needs
of increasingly powerfil electronic devices posed one of the greatest
challenges that the electronics industry faced follosing the revolution in
semiconductor devices, The invention of thium-icn techrology enabled
portable devices to become much slimmer and lighter as battery capacity
mcreased relative to size, Cuce again, the tederal government stepped
nt to assist smaller-battery companies through a variety of agencies and
programmes that irvested in the industry in an effort to develop the
necessary manutacturing capabilities {Brodd 2003} - not ouly for electronic
devices but, equally or even more importanty, for *zero-emission’ electric
vehicles. The US government has been actively involved with the energy
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industry for decades as part of a broader effort o address economic and
social needs, which is extensively discussed in Chapters 6 and 7,
State-of-the-art i08 products are highly complex electronic devices,
Despite the fundamental differences in use, each device emhc:_dics
numerous technologies that are often present in all the c!cwces.
Cellular technology is available for most of Apple’s devices with the
exception of its iPod media players. Cellular communication technelogy
received CNOrNOUs government support in its early davs. The
Breakrhrough Report (2010, 3) examines the role of the LIS military in
advancing the radiotelephony technology in the twentieth century. The
CHTice GFL‘Science and Technology Policy {2006, 8)also documented the
role-of State support in the digital signal processing (DSP technotopy
that came about following scientific advancements in the application of
the fast Fourler transform {FDT) algorithm during the 1980z, This new
sigial processing approach enabled real-time pri}cessing of ?ound (such
as during a two-way phone call) as well as real-time processing of large
audio or multimedia fites that can improve the quality of their playback.
D3P is considered be a core feature of 108 products with a media player

function {Devlin 2002,

Did the US Government ‘Pick® the iPod?

In a 2006 policy document where former US president George
W Bushlaid out the nation’s innovation strategy, the various com ponent
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techielogies that were Teanured e the Tt gereeralion %k were [ked
e Lheir origies as part of dhe Dasic and applicd research Haneded Iy L3S
tax doblaes SOSTT 2006, Aditiough lrcking substantial context andZor
liveral ligures, the report does include a cdiagram itlusteating the origing
of iPod’s component technologies such as its havd disk drive, Li-ion
battery, L1, DRAM cache, signal processing, ere. Figure 13 expands
on the OSTP diagram by further mapping out the tech components
featured in later Apple products like the iPod Touch, iPhone and
iPact,

Fostering an Indigenons Sector

In addition to government effarts nurta ring the science base and fostering
innovarion i the US, the LS government has also plaved a critical role
in protecting the intelleciyal ‘property’ of companies like Apple, and
_ensuring that it is protected against other trade right violations. The
federal government has actively fought on belall of companies like
Apple to allow it secure access to the global consumer market, and it
is & crucial partner in establishing and maintaining elohal competitive
advantage for these companies {Prestowilz 20025 Although US-based
corporations define themselves as transnational entities whose existence
transcend political borders, Washington is the first place they usually turn
to when conflicts in the global market arise, Accessing foreign markets
protected by trade restrictions was only possible with US government

acting as a backer and vanguard. For example, in the 1980s Apple had

difficulties entering the Japanese market. The company called on the
US government {or assistance arguing that it was the government’s
obligation to assist the company in opening the Japanese market to US
products by appealing to the Japanese govermment, {Lyons 20§ 2), When
unfettered global competition hit home, companies such as Apple were
backed by the government 1o ensure that intellectual propesty faws were
carefully enforced all over the world, The added protection created for
Apple by local and federal authorities continues 1o provide this form of
subsidy, which allows the company to continue mnovating
Additionally, the US government has been providing various other
types of tax and procurement support that greatly bhenefits American
companies such as Apple According to a Treasury Bepartment
document, companies {including Apple} overall clafimed $8.3 billion in
research and experiment (R&E) tax credits in 2003 {Office of Tax Policy
201 ). Additionally, California provides generous R&1D tax packages for

TTISTTTE BETRINIYEELE 801 101w il

which cenapder and clecteonics companios ave o levrgest sepalicants
iThele 280315 Sinee 1996, Apple has reportedly claioed S31EY niflion in
i{&lj tax credits of alt kinds (Duhigg and Kocteniewski 90125,

Government procurement policies have supported Apple through
warious critical stages, which made it posstble for the company 1o survive
i the midst of ferocicus competition agamst s competitors. Public
schools in the LS have been loval Apple customers, purchasing their
computers and software each year since the 19905 ' Kioostﬁr (2009)
argues that pubiic schools were a critical market for Apple as it -1‘ee1-:?d
from its Apple 11T and Lisa product flops in the late 1980s. ?!tO‘u'tSEOIlS in
the {post-financial crisis) 2009 American Recovery and R{:mvesimelnt
Act (ARRA) provided Incentives to benefit computer and electronics
companies in the US. For instance, among various other incentives,
thro:Jgh a small change i the scope of IRS 329 plans, ‘comp_uter
techaotogy and equipment’ purchases were defined as a quatified
education expense, which is expected to boost up Apple’s computer,
tablet and software sales.”

In sum, ffinding what you love” and doing it while also being ‘foolish’
i much easier n a country in which the State plays the pivesal serious
role of taking on the development of high-risk technologies, making Ihf:
carly, large and high-risk investments, and then sustaining them until
such time that the later-stage private actors can appear to ‘play around
and have fun'. Thus, while ‘free market” pundits continue w warn of
the danger of government ‘picking winners’, it can be said that Val'iC-fUS
US government policies laid the foundation that provided Apple with

L5 According to a 2003 state of Galdornia legistative report assessing the results
of California’s rescarch and development tax credit (RIDOC) programme, SMEs
are the largest applicants in terms of wumber of claims {over FEI prrcent of the
applicanis), while larger companies have the largest shave of claims in total value
over 69 por cent of the total value of BRI claims).

[4 Apple’s share of the total educational computer purchases ,UF T..JS clementary
aand high schools reached 38 per cent m 1994 (Flynr 1993). Educators have
also welcomed Apple’s new ‘textbook inidative’, which is expected o rc::lucc
texthook prices significantly by increasing schoot use of virtuzal tcxtbc}okzs. Thesc
virtizal textbooks would require tPad use aud swould be expected 1o increasc
Apple’s ilPad sales in the coming years.

L5 S-.;c.ti-:}n 52% of the Internal Revenue Code {338 tax codel mcludes cectain tax
advantages, also known as ‘qualified tiition programs’ or ‘coliege savings plans’,
A tegislative amendment in 2011 allowed parents and studeais to use che Funds
n ttrciz' cotlege saving accounts for purchasing computers, computer cquipmcm
and accessories {inchuding Pads). INone of these purcliases were considered
eligibsle school expenses for account withdrawals before [Eheling 20113,
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igh-tech industeios ol the twetty-Tusl continy so far Without thie
lteruent rgeted imvestment aod intervention of the US goveriment (L
s likely that most would-be Apples” would lie losers in the global race
o deminate the computing and communicadons age. The company’s
organizational success in inttegrating complex technologies into user-
friendly and atrractive devices supplemented with powerful soltware
mediums should not be marginalized, however it is indisputable that
most of Apple’s best technologies exist because of the prior collective
and cumulative efforts driven by the State; which were made in the face
of uncertainty and often in the name of, il nor national security, then
ECONOMc competitiveness,

In Chapter 8, I will return to Apple, to ask what the State received
back in return for the entrepreneurial, risky invesiments it roade in botl
Apple the company, as well as in all the ‘revolutionary® technofogies that
make the iPhone so ‘smart”. As we will see, this is perhaps the meost crucial
question policymakers must ask themselves in the twenty-first century;
when on the one hand we want an “active” State with the courage to lead
the next technological ‘green revolution’; while on the other hand, the
State has o create a revolution with constrained budgets and pressure to
pursue austerity measures. Finding a solution to this ‘risk—reward nexuys’
will be key to this ditemma.

!
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Chapter 7

WIND AND SOLAR POWER:
GOVERNMENT SUCCESS STORIES
AND TECHNOLOGY IN CRISIS

Wi awe lthe any mfernational company: we deal with government. Witk the
Chirese government, German government, US. govermment, with many
enternational governments. And of course we get support from government in
tee form of vesearch and decslopunent grants and government subsiches by grow,
I thank almost every US solar company oblained @ gran! from (V8 govermment
as well, end Cerman compantes gef subsidies from He German government.
Becanse thes is @ very young ndustey which reguires govermanent supfort, But
the industry is on fhe verge of becoming independent from government sibsidh
W& belicve that by 2015, 50% of countries will veach grid parily — meaning
we siehsidy from the government,

Shi Zhengrong, CEG,

Suntech Power (2012

While Chapter G looked at how different countries are making the
investment in the R&D, manufacturing and diffusion of a ‘green
“industrial revolution’; sowing the seeds of change to such a major
economic and social shift is not without its challenges. In this
chapter, [ attempt to delve deeper into the interaction of policy
and economic development by providing historical examples of
how (imjeffective innovation policies can be, and how the State
plays an important rofe in promoting radically new technologies —
not merely by inventing new tax credits, but by getting and
staying involved in every aspect of the wind and solar power
Lusiness. As a resuly, we see that the State is playing a role in the
invenilon of technology, its development, its successful manufacture
and its deployment. 1 will look at the recent history of wind
technologies, following the energy crisis of the 1970s. I then present
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abvict history of ploncering salar cucrgy cotrpuinivs. ol sections slhow
that behind many wind and sofar tivas, and their vare technologies,
was the active vistble hard of the atale, which, as shown i provious
chapters, alsa contributed to the emergence of the Internet, biotech,
nanctech and other radical techiology sectors. It was particuiar State
agencies that provided the inirial push and the carly stage high-risk
funding, and that created an institutional environment that could
cstablish these important technologies. These sections emphasize that
the US approach {with historical origins} resulted in many benefits of
State Investment being seized by countries other than the US, such as
Germany, Denmark and China.

Were it not for the commitments of governtments arcund the world to
R&D and the diffusion of technologies like wind turbines and solar PV
panels, the energy transfrmation taking off in the last decade would not
have occurred. The ‘push” has required major regulatory shifts, finaneial
commitments and long-term support for emerging companies. It is not
always clear how to connect the dots between dominant firms and their
technologies and the effores of governments around the world, but it i3
clear that no leading clean technology firm emerged from a pure ‘market
genesis’, that is, as if the State played no role at all. This is a reality
I explore in the second part of this chapter.

¥et the clean technology revolution appears (o be at a crossroads,
if’ not in crisis. Based on lessons from hastory, in the concluding section
I return to the myths discussed in Chapter 2, and use them to debunk
some “clean technology myths’, showing that contrary to common sense
perception: (2} R&D is not enougl (b} VC is net so risk loving; and
fc} small is not necessarily beautiful. In order for the crossroads o be
decided and a green direction to be taken, government policies must
overcome the naive perspective pushed by these myths and distorting
ideclogies.

Wind and Solar Power: Growth Powered by Crisis

The apparent willingness of the Stare to accept the risk of elean
teéhnolog}' development has had a positive impact. In the iast few
decades wind turbines and solar photovoltaic {PV) panels have heen
two of the most rapidly deployed renewable crergy technologies on
the planet, spawning growing industries that are cmerging in many
regions of the world. In 2008 $194 billion was directed at emerging
clean technologies in an effort o provide badly needed economic

e

PN AN SOLAR POOVER £«

Figure 17. The glolwl market B osobar wodd awisscd pomver (L85, Ixiliesans).
SO00--426111

500
-gﬂ -
804
IO | 0 Wind posser
- €O A Sotar Y
5
= ko
=
" a0
30
20
13 .
g+ R

2000 2001 2002 2603 2004 2008 2006 2607 2008 2000 200 2011

Source: Pernick et al. {2083,

stimulus (0 counteract the global coonomue crisis (NSB 2012, 62). An
unofiicial global ‘agreement’ was thus reached out of the ccc:nomic
crisis, and that agreement was that the time for clean technologies had
come {againg. & green energy revolution seemed to be within the realm
of possibilities.

Yet it is casy to overstate the progress being made across clean
technology seceors as uniform. While wind markets contracted in 2010,
in large ;};'irt as a result of the unfolding financial crisis in the Uni:ced
States {now the second largest wind power market in the world hehind
China}, solar markets neady doulded in size between 2009 and 2010,
surpassing wind power for the first time in history, Figure %? shows that
the growth of these markets has been rapid. Together, wind and S{?lar
power represented 2 $164 bijlion global markeein 2011, compared to just
£7 biflion in 2000.

Wide-scale deplovment of solar PV panels and wind turbines_ are two
technolegical selitions for meeting luture energy needs anc} mitigating
climate change. Like the technologies behind Apple’s iPod, 1Phone an::i
iPad {sec Chapter 5, the ‘ecosystemn” of innovation in clean technology is
one nwhich the public sector bas taken the leading role. Wind and solar
power technologies have been the fruit of major government investments
that catalysed their historical development around the workd.

While the US and China possess the largest quantity of wind capacity
deployed worldwide, Denmark produced the leading manufacturer of
wind turbines decades ago: Vestas, In the US leading manufacturers
also emerged during the 1980s, but each was lost through acquisition
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or Lavkrupley! Gormany's solie resonrces are uderior 4 those of the
Voited States, ver i remeing e world leader af deploved solar PV
puveer. China has cinerged as the world's major sodar PV manufacturing
- 3 S ; - oy T ) -
regiott, E:L[ic_(:s.‘;ru”}- out-compenng LS, Japanese and Furopean rivals
that fedt in prior decades.
;-\-Ea-at must be explained s how » country like the US can become
a leading market, but {a] 3 tead: E
g ke, a-1] to I?mdm:c a wadmg manutaciurer, and
conversely, how a countey [ike China can produce aleading manufacturer
. P .
1t the absence (until recently’ of a domestic market, What distinguishes
these nations i g i i
o -o s 1‘{&5 noth:zllg te do with their ‘comparative advantages’ as
producers of wind eurbines or solar PV panets, and it has nothing to do

with a natural abundance of wind or sun, Historicaily, the development |

of _v.:'mcf and solar power has reflected differences in government

palicies meant to_foster these power sources. For some countries, thisis a

process that has unfolded over many decades. For athers, it is & process
. i< 1

..
of ‘catching-up’ - but no matter the case, it 15 the ook deploved by

government that have supported and attempted to drive outcomes. The
uternational histories of wind power teclmology development and of
leading wind and solar compatics provide examples of the extent to
vr:hich those industries have benefitted directly f{and indirectly} fSom
different kinds of public funding and support. a

Fromn the First *“Wind Rush’ to the Rise of
China’s Wind Power Sector :

The first “Wind Rush® (1980-83) had as a backdrap the elergy crises
of the [970s. A number of countries actively invested in L1tifé£v—s<:alc
wind turbines as a solution to mitigating fossil-dependence in elé-;iricitv
generation. In the 1970s, Denmark, Germany and the Unired Statc;
started. massive wind energy R&D projects. The goal was typicaﬂ}f
to build I MW and larger machines, creating designs that eould
be commercialized and cexploited by existing large firms typically

~

1 Se.-.'cra] faceors contributed 1o the decline of US companies. Fallaig fossd! fucl
prices i the 19905 did not help renewable CICIEY COMPpanics Lo stervive. Power
purchase comtracts negotiated @ the 1980s with favourable pricing terms
also matured, exposing many devetopers to major revenoe reductions for the
cleciricivy they sold. In the case of Kenclech, warranty Insses incurred from
thair newest turbine model were substantial, and other {inns wese vulnerable
141 tE-w unceriainty emerging from the decision o liberalize CHCrgy goneralion
markeis, )
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involved o aerospace techuology or agricallural nuwhinery (Soppe
2009; Heymann E9U5; Niclsen 26100 The US outspent Gernmany and
Denmark on wind energy B&D, and despite enlisting the Nationad
Aeronautics and Space Agency (IWASA) to lead the programme, failed
to produce a viable commmercial design. Germany's attermpt met a
similar fate. Only Denmark is credited with succeeding in transforming
government-funded R&D into a commercial success story, giving it a
valuable advantage during the wind industry’s [ormative yvears,

Heymann (1999, 661) credits the success of Danish industry less with
the technological push of Seate-supported R&D coltaboration, arguing
that Danish craftsman ultimately produced refiable designs that scaled
over time. Kamp (2002, 205) and Nielsen (2010, 175) draw the point
of divergence between nations to the decision of the Danes to pursue
and develop technology based upon a prior wind turbine design called
the Gedser, which was a robust and reliable three-bladed horizontal-
axis machine. Developed by Johannes Juul, testing of the Gedser had
been financed in s early days by the Danish ratepayer-owned SEAS
utility and the Association of Danish Uhility Companies [(Heymann
{998, 650; Kamp 2002, 1301 Later, the government of Denmark and
the TS provided millions 10 test the Gedser design as part of efforts
te devetop wind turbines for modern energy grids (Kamp 2002, 133
Despite the exampte of the Gedser, the US and Germany pursued
lighter-weight, aerodynamically efficient, but often vnreliable designs
based on prototypes originally conceived around the Second World War
in Germany and the US.

Denmark’s push into witnd turbines imcluded State-sponsored
prototype development which brought large manufacturers in to
develop expericnce with the technology and create a functional supply
chain, Companies like Bonus and Vestas were able to purchase patents
generated by the Danish vesearch programme and smaller-scale wind
turbine pioneers, giving them control over collective knowledge and
learning taking place. They then applied their experience producing
farm equipment and superior capitat to produce robust machines on
a larger scale and cventually seek wvertical tegration {(Kamp 2002;
Heymann 1998% Denmark’s RE&LY activitics overlapped with investment
tax credits that were phased out over a decade. The tax credits helped
launch a domestic market for wind energy, while Cakfornia state and
federal incentives created export opportunities for Danish producers.

‘Big government’ R&D in the US and Germany was largely dubbed
a ‘failure’ precisely because reliable wind turbine designs that could
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be successfully conuncreiabized were e prinduced inunediately as an
outcome ol their progranures. Obviousty, i governments are weitl i
e teke e big risks dial basiness swill oot take, tlwey are boutd o
faill somctinwes and suceeed others, Bur if they do not do ir, they will
not succeed at all. However, that particular failure led to a redewed
emphasis in the US, under the Reagan administration, of SOAETTINEIL
as characteristically unable o pick winners’, an ideotogy often used by
conservative economists and policymakers to limit or Igject governiment
intervention into the clean technology ndustry?

Unlike the US Gwhich drastically slashed funding for the wind
programme], Germany did not give up on publicly funded R&D measures
despite their‘failures”, butexpanded on them by publicly funding industrial
and academic R&D, as well as funding a demonstration programme
that allowed for conuolied testing of German designs (Soppe 2009,
11). I reviewing this history, Soppe (2009, 12) adds that Germany also
promoted several different development paths, by funding development
of turbines of different sizes (as opposed to biasing funds i favour of
huge machines, like the US did initially). Denmark’s programme wasg
tess expensive and move sucoessful, attributable in part to the entry of
heavy-farm manufacturers like Westas, which understood rugzed design.
vis-d-vis acrospace emphasis on light weight and maximum efficiency.

Whether we judge it a success or failure, the actions of these
governments signified that wind encrgy was again in demand, and while
the US struggled to maintain a dominant manufacturing presence, it
succeeded in establisling a dominant market — ‘pushing’ not merely
‘nudging’ one into existence — inte which private firms could enter

2 Such a view ignores variaus Tacis £E) the Bact thae many large, private companies
~which bad competency working wilh high-techaologies were partizers in that
tailure. These companies included such giants as Lockbeed Martin, Generad
Flectaic, MAIN, Westinghouse and Growian, Fach acted as a coniractne under
the US or German programmes; i2) the rofe that impatient finance, suck as with
veneure capital o sslar power, plays i speeding up the process of technnlogical
development or contribution to #s failure, Indewd, wind nabine technology
was not well uaderstood, and vapidly scaling turbine designs in an attempt o
maximize productivity of the technology would have o occur at a pace slower
than envisioned at the time. In effect, the goverament and business community
underestimaled the clallenge at land, though critics tend to foeus on the Failure
of government and not of finance; and that (3] failare i havd 1o judge uniess we
bave proper metrics to be able to understand the spillover effects thal ireestments
have, evers when there is no final preduct. These incernations] projecis oid
estahlish networks of learning between wilities, government R&ED, se busizess
commItity and universicics,

Sy
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wilh confidence. Ouee again e Sor-esgee” State feads the way or the
‘clewnesticated” animais - the private companics - ta act.

{romically, favourable conditions [or wind energy created by Lhe US
governmeny and the state of California were not just opportunities for
?.;S-iJG]‘H cornpanies. They also astracted Vestas of Dernmark, which
became the turbine supplier of choice for the Zond Corporation, a
California-based wind energy developer. With few proven wind wrbine
models available 1o choose from, Zond became a wind turbine importer,
ordering over 1,000 turbines from Vestas, almose singte-handelfﬂy
financmg the early growth of that companys wind business. In like
fashion, when the tax programme cnded in California at the end of
1983, Lond refused to pay for its ast shipments of wind turbines (which
had becn deiayed in shipping), comtributing o Vestas” bankruprey. To
survive, Vestas abandoned its farm machinery business and qxlgicldy
re-emerged as an exclusive producer of wind turhines, becoming a
world leader. Withowt the government support of the United States
and the state of California at the time, and the feniency of the Danish
government allowing Vestas to vestructure, Vestas would likely not have
become a leading world produces

(' the handful of new companies emerging in the 1JS w capitalize
o the call to bring wind energy to America, it was US Windpower (later
renamed Kenetech} that would become an early leader and technological
ancestor to General Electric’s (G wind turbine division — one of the
largest in the world. Eenetech's strategic choices were influenced i?y
governument investments made in wind energy. Originally founded
Massachusetts, Kenetech moved to Calilornia in response to the ample
poicy support provided. It had derived components of its business plan,
knrowledge of wind technelogy and its working prototype technoiog;:? from
the University of Massachusetts—Auntherst, a public university with an
active wind power programme parily funded by the DeL. Kenetech was
also one of the first wind companies 1o utilize computers to electronically
controf and regulate their turbines, optimizing the performance a_nd
reliabilisy of designs which were otherwise less robust than their Dan_lsh
counderparts.’ Kenetech remams ane of the few US-based wind turbine
manufacturers to have grown from a seed stage to an initial public offering
(FPON, but which, in 1996, ended in bankruptcy due to major warranty
losses incurred following the release of a state-ol-the-art, variable-speed

T 5 | S - o 1
% Moreover, as discussed in Chapter 3, the Apple I, which ran _1\:3]!:’_‘{&1:]] 5 first
prajects, would akso not have been possible without gover niment Investiments.
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wiid Lurbine, According to Rucgy aed Thomas CHED, BT G bas
the Targest mumber of patent familics finking back 10 DoE-lunded
research, in Keoeleelh was one of 4 very small nwmber of a companies
with more than fve. Ruege aned T homas draw ‘extensive links’ between
Dok research aud leading wind power companies, suggesting that Dol
vescarch s beer particularly infuemial on technology developed by
General Elecoric and Westas, the nwo leading global manufacturers of
utifity-scale turbines® (2009, 41 -2

Unlike WVestas, Kenetech did not enjoy lenience from the US
government or from its investors, and about 1,000 people tost their johs
when the company folded. Zond Corporation purchased Kenetech’s
variable-speed wind turbine technology and developed wind turbines

with the assistance of the DoL. Zond was later {partially) acquired

by Enron {(in 1997), and when Enron collapsed in scandal, General
Eleetric (GE} purchased Zond’s technotogies to guickly become one
of the woild’s largest wind turhine suppliers. From that point forward,
the powerful combination of government subsidies for wind power
markets granted at the federal and state levels, along with the resources,
stahility and technology of a big corporation, made GE ‘America’s
champion® wind producer (Hopkins 2012). To date, though threatened
worldwide by Chinese competition, GE dor'ninat,es the E¥S market for
wind turbines, and the technologies developed by the contribution of
both State and business support {such as through Kenetech and Zond}
create an important but also easily forgotten story of technological
development, The US wind ndustry tells a story of how innovation
and positive economic growth ocewrs as a result of State suppart for
Beisiness.

"The basic science of wind power was advanced by the DoE through

national labs and universities over the vears, which dreove down the
cost of wind power and boosted reliability in a number of ways.
Knowledge of acrodynamics was of pariicular importance, given
that wind turbine operating environments are unlike those of planes
or helicopters. Advanced computer modelling boosted the reliabitity
and efficiency of turbine designs, and frequent industry collaborations
vielded newer models witl better capacity factors {a raugh proxy of
efficiency). Advanced mapping of wind resources also provided wind
power developers with accurate siting information that could aid in
their project design. After speading $1.2 billion, the cost of wind encrgy
fell from approximately 30-30 cents/kWh in the 19705 o as little as
3 cents/kWh in the 20005 (aided by State-funded R&D for airfoil design
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and other wrbine coanponeeds), while the clbciencey of torbines aoee
than tripled, their operating availability reachecd ncarly T pes cen,
and expected lile spans reached 30 years, ‘

The importanee of government support is seen ROt starkly
through the consequences of its withdrawal: when the United _States
government abandoned subsidies for wind power doveloprment in Ithe
raid-1980s, and slashed the DoE's R&D budget in a backlash agamsi
attempts [0 promote energy innovation, the domestic market stagnated
and momentum for the industry shifted to Earope, o, more accurately,
to Germany. Germany's federal Ministry for Research and Technology
faunched a programme to develop 100 MWs of wind power in EQBQ.
Combined with a feed-in tarilf {I'IT} programme, which provided
above-market prices for wind power and a 70 per cent tax credit to
small producers, Germany began its reign as the hottest market for
wind power development in the world {Lauber, Valkrlnar and hMez 2006,
106} Combined with greenhouse gas ({GHG! reduction targets, and the

- intention of meeting renewable energy development goals with domestic

manufacturing, Germany also set aside national and state funding of
approximately £2.2 billion to support continued wind energy R.&D'
Germany’s long-term approach to wind erergy development gained
maomentum in the 19905 and continues today, cnabiing the emergence
of leading manulacturers while providing stable alnnual grc::wth in
deployed wind capacity The 20-year investment h-{]t‘lzoni ?1‘0‘.’1':16&'1}}’
government incentives are twice as long as those in the US, reducing
market uncertainty and boosting investor confidence,

China was a relative latecomer to wind power technology, despite
having pushed investment in renewable energy in the 1980s as a technical
solution for rural electric infrastructure development (Mia et al. 2010,
440). China’s partially State-owned Goldwind, a major wind turbine
manufacturer, was established m 1998, and midalby licensed German
technotogy from Jacobs (a company later purchased by R‘Epower] -and
Vensys Encrgiesysterme GmbH [Lewis 2007, 13). Goldwind turbines
henefitied from aggressive Chincse domestic content rules, which were
enacted in 2003 to require 70 per cent bocal content in all wind Eurh1fles
sold in China (Martinot 2010). This effectively shut the door on foreign
Arms in the counery, while China’s dominant wind manufacturers
strengthened their domestic supply chain and presence. -

Chinese wind power developers also received 25-year fixed price
contracts that were set through a “concession’ programime {competitive
bidding). Wind projects had access to low-cost financing, and after
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23, China began o publicly feod R&D ol [repects with grants or
Fvvouwralde loae wems. Ching has also priceilizel reclucing its overall
energy intensity (the relationship belween CTIETEY COnsUImpPLol and
GDI, and eseablished goals for renewalbie encrgy development. At this
time, China is seeking 1,000 GWs of wind power developrment by 2030,
The elfect has been clear, which is that China raprdly surpassed the
United States as the world’s biggest wind energy market in 2010, Met
predominantly with the ouwpur of dosmestic wind turbine manufaciurers,
China has also eroded the global market shares of ather companies
around the world.

Selar Power Companies and the Origin of
Their Technologies

Many of the same policy shifts driving the California wind market of
the 1580s provided the catalyst for a global market for solar PV panels
to emerge. Bell Labs had invented the frst crystalline-silicon fC-51) solar
PV cell back in [95¢ while it was still a part of the AT&T regulated
monopoly. The first major apportunities for solar PV technology were
created by the DoD) and NASA, which purchased solar cells made hy
LiS-based Hoffinan Electronics to power space satellites.* While the space
race made the government a spare-no-expense and cost-be-damned
customer for early solar manufacturers, the transition of solar PV
technology to Earth was facilitated in part by the cost and performance
advantage it had in markets for remote power applications, leading to
diverse applications such as signal lighting on offshore oif rigs, corrosion
protection for oil drilling, remote communication towers and road SIS
(Perlin 1999). In most cases, however, the existence of such kighting was
a result of regulation, and the choice of solar PV/ battery power for oif
rigs was based in part by the EPA making it illegal for oif companies to
dispose of spent batteries in the acean in 1978 (Perlin 1999, 62).

There are several modern governmental initiatives helping to
establish leading solar PV firms and markets around the world, Many
examples of innovative emerging firms can be found in the LS, where
First Solar, Solyndra, Sunpower and Lvergreen cach developed state-oft
the-art C-51 or thin-film solar technologies.

4 Hoffman had acquired the original P!l Fals paleil trougl acquisiion of
National Fabricated Products in 19054,
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Iigst Sotar conerged out of the seavch for commereialized cadmitm
tellaride {Cd'te] dun-lilm solar PV panels and Became somajor US-based
CdTe thin-flm prodacer First Sodar domimates the 5 market for thin-
(ilm solar PV panels, and has produced record-setting webnology and
low-cost manufaciuring, which have enabled the company 10 generate
over §2 billion in revenue each year since 2008, First Solar’s patents
have “extensive links” to prior Doll vesearch (Ruegg and Thomas 2011,
4-11), and early development of Tirst Solar’s leading Cd'Te technology
was a result of founder Harold Macddaster working in coliaboration
with the University of Toledo’s State-finded solar research facilities,
scientists and the National Renewable Energy Laboratory (NREL)
iirst Solar’s partership with the NREL reaches back to 1991, when
the company was still known as Selar Cells. The collaboration resuiz‘c{i
in the development of high-rate vapour transport deposition, a superior
means of manufacturing glass CdTe thin-flm panels, which First Solar
began to produce in 2003 {NIREL 201%). This innovarion amounted
to major cost reductions of Cd'Te panels over time, as the process was
perfected. Even now, First Solar remains one of the larger solar PV
mamacturers on the planet.

Described in greater detail in the previous chapter, Solyndra had
been founded by Chris Gronet, a Siticon Valley scientist with experience
in1 the semiconductor industry:, Building en national research conducted
an copper indium gatlium (dilselenide [CIGS) solar PV Gronet and
his employees developed innovative technology with state and federal
support behind them. Able to deposit CIGS onto tubular g_lass gave
Solyndra’s solar PV panels a unique look — while also en?bimg them
to capture direct and veflected light without add-on tracking systems.
Additionally, Gronet’s panels had a trick interlocking system that m-ade
them easy to mnstall — reducing their cost relative to other technologies.

SunPower is a leading manufacturer of high performance C-5i solar
PV panels with world-record-setting technology This i3 als_o owerd in
part to prior investments of the State. SunPower’s success ties back to
Bol rescarch patents, in this case related to solar PV shingles, module
frames and shingle systems (Ruegg and Thomas 2011). Fstablished
in 1983 by Dr Richard Swanson, SunPower had earty R&D support
from the Dolh and the Electric Power Research Institute (EPRID) while
developing technology at Stanford University. ‘

Evergreen Solar was a spinofT of the now defunct Mobit Sedary, sta::ted
when a group of sclentists ‘defected’ frown the company to {irl_zvelop a-rwal
vision of string-ribbon wafer technology. Evergreen grew with the aid of
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the gonernment, atvacting $60 million in Massseliasells stine sulssiclies,
the highest ever offered o a single cornpatty by the State, Promising 1o
create nEnulaciuritg jobs lor Massachuses, Lvergreen was easily lured
to China which offeredt favourable loan terms from is public-owited
lanks 1o subsidize a new plant. It obtainiug this financing, Ivergreen
agreed to share its innovative technology witl its partner Jiawei Solar
{Sato 204 ). Despite accurmulating nearly a Lalfthillion it losses over its
history, Evergreen completed a $42 million PO in 2008, and enriched
its exccutives with $36 million in compensation and stock sates {and
this value is based on the imited data available}. [n other words, public
support helped deliver value to Vs and top execatives, but failed to
create promised economic benefits for the US, while possibly eransferring
innovative technology to Ghina. The state of Massachusers trice 0 sue
Evergreen to recover some of their money (Haley, Usha and Schuler
2011, 36), an indication that policymakers are not always as passive a
steward of taxpayer dollars as assumed, and rightly want to capture the
benefits of the industries they underwrite with taxpayer doflars,
Suntech of China was a global market share leader jn C-Si solar
PV manufacturing in 20815 Suntech has benefitted from the import

of PV manufacturing equipment from bankrupt US companies {and .

the acquisition of Japan's MSK corporation), the abundaint and willing
public finance of national and local Chinese banks, and boeming
European markets for solar PV Tounder Zhengrong Shi received his
PhlD and established many mportant relations
of New South Wales, ;»"..ustra-lia} which hosts h-zorIcE—]eac{ing solar
rescarchers such as Professor Martin Green, with whom Shi would
develop technology before incorporating some into his firm’s produces.
Shi studied solar PV and spent 13 years in Australia, working for Pacific
Solar, which was a joint-venture between the University of New South
Wales and an Australian urility company, before returning to China
(IMannery 2006). Shi had been lured by the city of Waxi, which offered
him $6 million to set up solar PV manuafacturing there in 2000 (Crouch
2G08). Suntecl’s Pluto C-Si technology is a derivative of record-setting
PERL C-S8i techinology developed at the University of New South Wates,
and the company has actively sought to incorporate aspects of this
foreign technology into its commercial products. As such, its products

5 Brerails on Swntech ave based on a fortheonung picee of work by dao Hopkins
and Yin Li, “The Rise of the Chinese Solar Photovaltaic londustry and its fmpact
mt Competition and Inovation’. This pisce of work is for an uprconing book on
Chinese Bovation tentatively tited fs Chine fecowsing an Svecation Nation?

hips at the University
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are quickly approaching the Tigh poclormsnee o vivals like L2S-lhasec
SunPoveer

Suntech, tike most Chinese solar PV manufactuers, depended on
the pr{:scnc‘c ol targe export markets to grose It generates a subsrancal
sltare of its revenues from European markets for solar PV, which are
driven by strong feed-in tariffs (FI'T) and other supportive government
policies that spend billions encouraging domestic development of so}ar
P [t has also benefitred from policy support in China, however, which
granted the company a preferennal 15 per cent tax rate, millions in
grants, and a $7 billion line of credit from the Chinese Preveloprment
Eank {which foliowed millions i commisted focal governmen: ﬁngnce},
which had ctherwise made $47 billion in favourable loan terms available
t0 Chinese solar companies i 2010 (Pentland 2011).

It has been this farge amount of cormumirted public finance and
other public wvestrents that made the difference o Chinese solar
PV manufacturers, who have the resources needed to grow as well as
the commitment of #s government 1o help them when weather shifts
in global markets as it beging building a stronger domestic markf:t ﬁ::r
solar IV power. Already a leader in solar hot water heating, China is
showing carly sigtis that a domestic market will take ofl-", thanks to raPld
policy response and trade tensions emerging from tensions surrounding
China’s rapid rise in global solar PV markees (Choudhury 2013,

‘Solar Bankruptcies: Where There’s a Will There’s a Way

But ar the time of this writing, Wuxi Suntech (a wholly owned subsidiary
of Suntech Power Holdings) has declared bankruptey. Just days after
defaudting on a 354! million bond payment to investors in March of
2013, investors sued, and the fallout is raising serious questions about the
future of China’s young solar industry. Once hailed as the ‘Sun King’ by
Forbes in 2006, a holder of 15 patents in sofar technology, with a g‘enui.ne
rags-to-riches life story, Shi's legacy as the world’s first so]?r b.i]iionz-nrc
and one of the wealthiest persons in the world at one point is rapidly
deteriorating as accusations of mismanagement accompany attempts o
oust hun from the execunve offices and board of the company he once
founded (Flannery 2006). Now expected to be taken over by Statc—gu.r_ncd
Wuxi-Guolian, the company has divided its assets into the subsidiary
Wuxt Suntech, with foreign investors being routed Ith‘J_gh Suntech
Power, making them ‘structurally subordinate’ to the puhblic banks that
have been pumping up the firm with patient capital (Bradshasw 2013),
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['hr'n'irltg Suntech into Dselveiey meins ¢l Shi, who hobds 2 74 per
cont nterest in Suntech Power faed 30 Per certl el its shares overall)
and the vest of #s major shareholders are Bkely o lose an L‘stimaicg
SL28 billion invested in Suntech’s stocks aud bonds, while the
C{:'ImE}’dIi}"’S nationalization attemprs o protect the interest of thousands
of workers, the public banks backing the firm, and the State. Public
banks, for their part, hold the majority of the company’s estimated
$2.2 billion in debr. ’

The outcome of China’s Suntech bankruptey stands in stark
contrast with that of US-based Solyndva. Facing ba:rlkrupm}-: Solyndra
underwent emergency reorganization and received a Eési-minutc
$75 million capital injection from irs private investors prior to its
bankruptey (the government had insisted that the funds come from
private  backers). The DoEs loan Programme  execuitve director
Jonathan Silver (a former venture capitalist] worked for ‘taxpayer safety’
while CECG Brian Harrison {fformerly of Intel and who haci teplaced
Chuis Gronet in 2010) worked to gut a ‘hloated’” R&I} department and
complere an advanced, fully automated new factory with DoE funds on
a cost-cutting mission, and as a result both sales and costs were initially
moving in the right directions (Grunwald 201 2, #14-13) As noted in
greater detail above, the capital injection came with the not-tnsignificant

caveat that private investors would be first in line to reclaim losses should

Fhe company fold. Yer all parties involved also knew that the company
“would be more valuable in bankruptey if it had a completed plant’

{Grunwald 2012, 415} Even withou: additional funding from the US ..

government, then, the atempt to rescue Solyndra is badly botched
politics (and economies) at its finest even if it coutd be cdescribed as a
heroic and gutsy fourth-quarter play: . _

ftis interesting to push the comparison between Sunrech and Solyndra
further. Solyndra was overwhelmingly funded by private interests, while
Suntech was funded by public lnterests. Both companies have failed, yet
the outcome expected of each was the ‘same’ — that cach would create
. Jobs and massive profits and compete for wealth with other colrtries,
the main measures of success we care about. Yet, compelition occurred
within a global context — that is, a clobal industey which finds its poficy
support, like its firms, functioning in different places all around the world,
presumably to maximum performance. Yet Solyndea’s production and
Suntech’s production were cach, in a manner of speaking, competing
for that next German customer, Both firms from the US and China
commiited the same mistakes. They scaled too rapidly, and did not have

]
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the market for their owt domeestic cncrgy grids - cach COLEDEY Pessessing
gigantic 1 TW domestic market capable of providing a near-limitless
opportity for firms that, ironically, die for a lack of customers that can
absorl their output. With such amazing infrastructure already in place,
would anyone else think it was absurd i GM, Ford and Chrysler went
bankrupt for a lack of roads?

Yet Solyndra has disappeared from the world, while Suntech as yer
survives. Suntech’s fate 1 not to be decided by its investors, however -
who naturatly prefer to have funds returned over all other considerations.
Sobyndra’ failure highlights the ‘parasitic’ innovation system that the
U8 has created for itself — where fAnancial interests are always and
everywhere the judge, jury and executioner ol all innovative investrent
dilemmas. Perhaps, done differenthy, and with an eye to the value of
economic development beyond short-term financial performance,
Solyndra would have grown to hundreds of thousands of emplovees,
with billions in revenue like GE. Sumtech’s fate, on the other hand,
will be decided by the State, which has made the larger investments
in the firm, and which proceeds into bankruptcy with a much broader
perspective of Suntech’s pesition in the Chinese economy and its future.
Suntech was preseyved by the State during the downturn, and its 20,000
jobs have already become critical to the Jiangsu province, which may
experience a painful structural adjustiment should the firm be liquidated,
shuttered and forgotten {imagine firms like Google with its 54,000
empdoyees, or Facebook with its 4,600, suddenly shuttering}. Salyndra
was too ‘small to survive’ (versus too big to fail) to warrant a ‘bail-out’,
vet the government had, as it alwavys has, the ability to ‘rewrite the rules’
and could have weighed the cost of letting Solyndra [ai] against letting
it succeed. It might have even, as with Sumtech, considered firing the
executives responsible for its financial decline. One way to caleulate such
a cost would be to ask what 1,000 jobs are worth to the future revenues
of the government, or better yet what these revenues are worth when
the company becomes a major employer like Facebook, Google or GE.

We'll continue to spend our time imagining success until we
recoghize that mmovation unfolds as part of a global process, not an
individual or even organizational process (thowgh that is critical to
graspl. Clean technology is already teaching us that changing the world
requires coordination and the investment of multiple States, otherwise
R&DD, support for manufacturing, and suppeort lor market creation and
funciion remain dead ends while the Earth Eterally suffocates on the

industries we built a century ago.
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One ol e biggest challenges for the fucare, fie Doth cleaniech k]
wlirtever teclfollows it, witl be to ke sure Ual o boitdineg collaborate
ceosysioms, we do not only soclalize the risks but also the rewards, It is
onty it this way that the innovation cycle will be sustainable over dme
both economicatly and politically. Potirically it s important for taxpavcr;
to understand how they benefit from the massive State imvestments ;hat
build the foundation for fiture private profits. As jobs are increasingly
global, rather than resisting this with natonalistic dogma, there :1';3
concrete ways for returns from State investments o be captured so that
the citizens who funded technological deveiopment can be sure to share
i the gaing [t is to this theme that [ turn to in the next chapter.

Competition, Innovation and Market Size
(Who’s Complaining?) '

I argued above that the state of California was a partial reason for the
growth and {early) success of Vestas — the current wortd-leading wind
turbine manufacturer. In similar fashion, the growth of US and Chinese
firms have depended, to an extent, on the resource commitment and
lcadership of Germany’s policies. Germainy’s distributed solar power
. genevation approach made it the world lcader in solar PV development
however.- By revising its feed-in tariffs (FIT) policy in 2000 to provide
better pricing for solar PV (and 1o set unique pricing for other renewable
technologies according to their expected performance), Germany rade

; o . iy
sofar PV competitive with traditional power sources and even wind -

energy. At the same time, Germany also established a *100,000 roofs’
progranune to encourage residential and commercial investment in
the technology. The action kicked the solar PV industey into high gear,
and Germany grew its solar PV capacity from just 52 I‘:v'l“.-*n-"s in EGUU to
over 24,000 MWSs by 2011, This is similar to completing 24 nuclear
power plants in about 10 years — a vemarkable feat that would never
occur given ordinary nuclear power plant construction times {and prablie
opposition to themn). .

Also similar to the California phenomenon  described above,
Germany’s forward-thinking policies have been both a blessing and
a curse. On the one hand, Germany’s growing market enabled the
rapid growth of dominant domestic manufacturers to emerge (such as.
€3-Cells). But ir also provided growth epportunities for competing firms
from the U8, China and elsewhere, which relied on Germany to absorb
their expanding production capacity. At the same time, these and other

\,_‘,,a-mwr.w:‘.?‘ﬂ
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connelries Bave noe Bollowed suie o establishing coually strong doneeseie
markets for solar PV despite edmserving the Germane exauple. The
excess capacity created in part by the “start and stop’ of solae PV policies
in places ke Spain is currently crippling solar companies around the
world. ©-Cells, once a German champion, is now property of Korea's
Hamwha Group (Reuters 201 1),

Meanwhile, the rise of China as a regional centre for major solar
PV mamufacturers has had a serious fallout on the industry as a whole,
prompiing a ‘trade war’ in the United States and Europe, manifest in
the form of tariffs levied against Chinese solar PV producers.” But while
US and European companies find themselves unable o compete, the
US government, for example, has reacted with calls to end suppost for
clean technology development when struggles poine out, if anything,
that more is needed. The trade war only serves to strengthen the myth
that industrial developrent occurs through invisible market forces that
cannot be created or controlled by government to socially heneficial
outcomes. With the government acting as ‘referee’ in the wade dispute,
China’s public support for clean technology industry development is
framed as ‘cheating’, rather than effective. At the same time, multiple
countries are attempting to capture the global marker for clean
techinology with similar policies that include direct and indirect suppeort
for firms, or, in other words, it China is cheating, they arc as well.
Flummeting solar PV prices are supposed to be a good thing — they will
eventually position solar PV to compete favourably with fossil fuels. But
m this case, falling prices fand shrinking profit margins} frustrate many
and ignore the shortcomings of industrial policy in countries like the
TS, which we could describe as lacking an adequate supply of patient
capital conducive to innovative firm formation and growth, as well as
2 long-term vision for energy transition {Hopkins and Lazonick 200123
What is separating China from its international peers is its courage to
commit to renewable energy and innovation in the short and long run,

Some argue that there is a risk that the rapid growth of Chinese
wind and solar companies potenttally stifle innovation (W Liu 20117,
The charge is that Chinese companies reduce costs and grab market
share with older technologies, setting a technological direction which
prevents newer technologies from penctrating world markets. If this is
proven to be the case, then governments should heed the signal that more
needs to be done to ensure that critical energy innovations can establish

B At the lime of writing, Europe was still undecided on arifis.
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themselves i markets thal are becoming crowded witl competing
technalogics. These complains seem 1o ignere that there are ;tflx-'anlag{r:
to U-51 wecdumwology - such ax the presence of alamdant my muieria!s
for their manufacture, Other approaches rely on rare earths and such a
51'1;}]?13-' is ]in_lited. Furthermare, 1hese complaints ignore the reality that
US innovations produced by companics like Innovalight fnow owned by
Dul’ont:[ or 1366 Technologies can be incorporated into Chinese panels
{ateﬁ arel.’ In any case, at some poinl convergence towards a dominant
design is needed before mass diffusion of solar power can be achieved.

Conclusion: Clean Technology in Crisis

There i3 nf}thing ‘accidental’ about olean techinology development or
the formation of markets for renewable energy. There are 00 ‘genius’
{irms or entreprenieurs acting independenitly of their society or simply
it reaction to the fear of climate change or a privileged knowledge of
future profits. Rather, clean technology firens are leveraging technologies
and cashing in on the prior investments of an active public sector, and
responding to clear market signals proclaimed by progressive government
policies about the desired change, and to the availability of support for
clean technology industrial growth. The hope is that innovation will
produce economic wealth, employment opportunities and a sotution for
climate change.

While the performance of countries has varied tremendo ushy over the
decades, it is obvious that Germany has provided a glimpse of the value
of tong-term support, China has demonstrated that a vapid scale-up of
manufacturing and deployment is possible, and the United States has
shown the value of R&D but also the foliy of permitiing uncertainty,
shitting political priorities and speculative fnance to set the clean
technology development agenda. Governmenis leading the charge into
clean technology do not have to allow themsclves to be cheated when
mvestments go sour. Nor should they expect thar taxpayers will happily
bear the full risks of investing in these technologies and establishing
markets without a clear future reward to be gained.

The challenge moving forward is to create, maintain and fund
a long~term policy framework which sustains momentum in the
clean energy sector building up over the last decade. Without such

7 1366 Technologies developed  radically  low-cost  mmudti-rrvstadline  silicon
manufacturing cquipment - with the aid of 1 US%S new ARPA-E progratnme
(discussed in Chapter 6), which had contcibuted 4 million to development.
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lotg-termt coruritments, i s fikely thal clean leclinology will Became a
missecl opportunity for many nations, Sucl a ramework wouldd ineioge
demanieh-side policies 1o promote mereased consumption of sofar and
wind energy, as well as supply-side policies that promote manuiaciure
of the technologies with ‘patient” capital,

The challenges of developing clean technologies go far beyond
establishing risky public sector energy innovation hubs, such as ARPA-E
seeks to hecome. Governments must reduce the visk of commercializing
energy innovations while establishing and managing the risks of
competing in diversified and global energy markets. When ditficuley has
arisen in the past, such as when wind or solar markets {altered following
retraction of 135 support for renewables in the late 19885, the tendency
has been to focus on how government investment is Bawed, while the role

- of Lusiness in contributing to that failure s ignored, or written off’ as part

of the ‘natural” behaviour of competitive markets. Worse, some interpret
difficulties as proof that a technology ‘can’t compete’ or wili never
compaie with incumbene technology and should be shelved rather than
exploited. Thiz would go against the historical record, which suggests
that alfl energy technologies have needed and bencfitted from lengthy

-development periods and long-term government support. What matters

more iy that the effort continues as if the future of the planet depended
on it — because it does. Addressing the challenge thusrequires overcoming
a worldview based on myths, referred to in Chapter 2 above.

Myeh I It’s all about R&D

Ré&D contributing to clean technologies like wind and solar power has
occurred on a global scale for decades, as a result of significant public
ivestments and learning, and the leveraging of a broad comrmumity
which has been inclusive of educational and business knowledge
networks. The technology works as a result, and improvements in cost
and efficiency have proceeded despite the unegual commitments of
governments and businesses over time. The cost of energy they produce
lias also fallen over the long term, while fossil fuel prices continue to be
votatile and rise over time.

Some firms may conduct important R&D (or decades and remain
money losers without a clear commercial prospect in the pipebne. As
shiown by the history of First Solar, the government’s role in pushing
innovations out of the lab and into markets does not end with R&I}
bat can include a role in overcoming commercialization barriers, such
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as a duck of production capabilities. Likewise, First Solars VYOs needed

to endure claflenges aed an wvestiment Beovizon which stretehed theie

CEATHTIELTC L

Asmany argue, the challengesfaced by clean technologies are therefore
seldorm technical; they are goliticel (and social} and include a need for
greater commitments of patient capital by governments and businesses
around the world. R&D works, but it is not eneugh. Nurturing risky
rew industries requires support, subsidy and long-term commitments
to manufacturing and markets as well. Governments must also confront
the reality that for most developed nations, the deployment of clean
technologies is occurring within a well-devetoped infrastructure. The
clean slate approach is not possible, meanirg that investment is intended
to manage a transition to clean technology, one that threatens fossil and
other energy industries that have the benefit of a longer development
period and significant sunk costs. Finally, not afl in. the business
community are shy about calling for an active government role in clean
technology. Yet the time is overdue to begin discussing what the real
role of business is in technological development beyond finding R&D.
Fhe failure of clean technology companies is also a business failure, not
merely a policy faiture, and it delays the exploitation of LINPOFTANT new
encrgy technologies. Worse, it may hand those technologies to other
nations with similar objectives,

Myth 2: Small is beautiful

While many large conglomerates like GE, Exxon, GM or British
Petroleum have had a role in clean technology development in the past,
ntany look to smalier start-ups for evidence of the coming ‘revelution’
i the energy secton Yet these smalt firms tend also to be voung, and
incubate for long periods before taking off’ comumercially.

As argued by Hopkins (2012) and summarized above, GE “inherited’
the prior investrnents of the State and innovative firms in its rise as a
major wind turbine manufacturer. GE also announced in 2011 (Bt
bas since delayed) a 8600 million investment in Colorado in thin-Glm
sodar- PV, using CdTe technology similar to First Solars. As with their
entry mto the wind power business, their entey into solar PV will have
strong t1es o the prior nvestments of the State. Yet GE's own resources
are vastly superior to those of small start-ups, which include billion
doltar R&D budgets, billions in annual profit available to reinvest in
core technologies, complementary assets such as a vast global network,
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atel, as with the wind industry, signilicant sapporl and repatation 1hay
reduce 15 frisk” to Investors. The investmenes of GE miglt ensere a more
enduring solar indusiry presence for the US 1o the future, in sinilar
fashion as s entry o wind power became in 2002, Tor renewable
encrgy scale marters, and larger firms can more casily supply encrmous
energy grids spanning the continents. Perhaps most importantly, large
frims like GE more gasily win the confidence of investors and ueilicies,
given their extensive operating history, financial resources, experience
with clectricity mfrastructure and vast soclal networks. It 1s not so
coincidental that wind projects picked up to a feverish pace following
GEs entry to the wind energy business,

Yet we shoold rot underestimate the role of small firms nor assume
that only big firms have the right resources at their disposal. Smafil
firmns that grow e big firms, such as Amazon, Google ar Apple, are
active promoters of thelr cwn business models, often to the frustration
of ‘legacy” mdustries which one could argue would never have taken
the same technologies so far, so fast. The willingness to disrupt existing
market models is needed in order to manifest a real green industrial
revolution, and it is possible that start-ups, lacking the disadvantage of
sunk costs, are the right actors for the job.®

Myth 3: Venture capital is risk loving

The United States is the VO capital of the clean technology world,
allocating billions to the sector each year — far more than the rest of the
wortd combined. VIO Ainanciers are “impatient capitalists’, however —
they are driven primarily to generate financial returns for themselves

- over all other considerations. Many are not interested in sustaining the

risks of technological development over a long-term period, preferring
instead to cut their losses and resurne a search for high returns elsewhere.
V(s want to finance technologies with low capital requiremnents that are

8 It should be subject wo a debate whether public support for energy innovation is
meant, m the long term, 1o be thanded off” 1o large firms that could have made
thetr awn twvestraents, Subsidies shoald be preventing innovative newcomers from
going ‘bost’, IF the peint of government R&I) is o promote innovation, then it
iz wastefui to not examine how the competitiveness of wowld-be manufacturers
could he tnproved. Also, while many oil companies have contribueed o solar PV
innovations in the past, for example, it is unclear how they would be willing to
shift to that technology and abandon the technologies which provide their major
sourees of revenoc. In fact, as solar PV markets have become mare competiilve,
past leaders like BP Solar pulled out rather than staying the courss.
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close 1o kel penctration. VO aluo lack e resources to flly finanee
the growth of cleaw welmology companics, which are capital Intensive
fmrl competing within very complex markets. "he billions they pour
o companes across clean technology sectors is little, for example,
compared to the hundreds of billions of State funding committed to
financing renewable cnergy projects,

The success of companies like First Solar was built over several
decades, during which VCs entered at a relatively late stage and exited
soon after the IPO was completed. Much of the risk of investing in First
Solar was taken on by the US government, which actively promoted their
solar technology through to commercialization. Subsicies supporting
a domestic market and a market in Europe, coupled to First Sofars
pesition as a dominant thin-film producer make it hard to imagine how
such a company could fail. Yet the value extraction provided, and even
promoted, by equity-driven mvestment and compensation methods
ensures thar VGs, executives and top managers of firms can reap
massive gains from stock performance, whether short lived or not. This
perverse incentive not only redistributes the investment in innovation
away from its other core stakehaolders {governments, schools, workers),
hut it risks undermining firm performance. Rather than make the risky
mvestment in future innovation, those in positions of strategic control
squander resources in a search for financial returns.

At the same time many US firms have gone bust, less for lack of
innovative technology and more for lacking access to additional capital
to continue operations following uncertainty in markets or a sudden
reversal of fortune. This encouraged Evergreen to “follow the Snance’
out of the US and into China. Spectrawatt and Solyndra were undone
by a lack of available capital as well. Despite common global market
conditions, China’s companies benefit from a system of pubfic finance
that will not quit before they do. When VCs do not take the risks, then
is up to the State to fill in the vacuum.

Building a green innovation ecosystem
(symbiotic not parasitic)

Innovation cannot be pushed without the efforts of mary, and it
cannot proceed without a long-term vision that sets the direction and
clarifies objectives. When government policies fait, pubiic doflars can
be wasted and promising technologies may fail to meet their potenial,
because politicians or taxpayers refuse to commit more resources,
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When businesses fadl, thowsands of jobs can disappear, tvestors
lose confidence and the repuearions of the wehinologies are scarved.
Uncertainty and stagnation can prevail, while the potential lor promising
new solutions wanishes. With government and basiness activities so
intimately linked, it is often impassible to point blame accurately At the
root of i, there is only collective failure.

What should be clear is that the green energy revolutton that has
been experienced so far is a result of a complex long-term mubti-decade-
long technological development and diffusion process that unfolded
on a global scale. The process has benefitted from major government
investrnents that encowraged the establishment of new frms and
supported their growth by creating market opporiunitics. The variety
of policies was meant to produce wechnological developrnent, market
efficiency; scale and efficient regulation. Owverarching this process is a
broad call to accelerate coonomic growth through innovation in clean
techniologies that mitigate climate change and promaote energy diversity:
‘The long-term vision is to trarsform our currens productive systerm into
a sustainable green industrial system. That is a mission set on producing
fong-lasting benefits to the public while delivering on a promise of
superior economic performance.

Key to the future of the green revolution taking off will be the
building of innovation ecosysterns that result in symébiotic public-private
partnershipsrather than parasitic ones. Thatis, will increased investrments
by the Siate in the ecosystem cause the private sector to invest less, and
focus its retained earnings on areas like boosting its stock prices rather
than on human capital formation and R&D?

The next chapter goes back to the case study of Apple corputers,
to ask whether the active State investments in innovation — which have

- benefitted specific companies like Apple (at both the company level as

well as the key underlying technologies used) — have created results for
the State which can be justified by the taxpayer funds that were invested.
Larger tax receipts? More jobs? Or greater future investments by Apple
n inmovation? Only by asking these questions can we make sure that the
entrepreneurial State does not become a naive one.



