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       The INSEAD Social Innovation Centre 

 

Founded in 2007, the INSEAD Social Innovation Centre aims to inspire 
and develop leaders and organizations to transform business and be 
builders of sustainable economic growth.  The Centre brings together a 
diverse group of leading INSEAD research teams, each sharing 
common agenda of developing and delivering innovative, sustainable 
solutions to social and environmental challenges.  Drawing on this 
research, our faculty offer unique courses and projects in the curricula of 
our MBA, EMBA, PhD and Executive Education programmes, to prepare 
students to address these important issues.  Ultimately, meaningful 
relationships with companies, NGOs, fellow research institutions and our 
own students and alumni provide the foundations of a diverse and open 
community through which we can make a real impact. 
www.insead.edu/isic 

The Environment and Sustainable Operations group seek to build 
innovative strategies and business models based on the application of 
environmentally sound technologies and management practices. Our 
objective is two-fold: (1) to help existing businesses operate in a new 
way to gain competitive advantage whilst contributing to sustainable 
development, and (2) to identify new business opportunities that respond 
to the situation of increasing environmental pressures. 

  

http://www.insead.edu/isic
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                                                                                                              Executive Summary 

 

This review seeks to identify how the European Union can create a 
climate for change to shape a transition towards a more sustainable and 
competitive economy, given the context of: (i) accelerating energy 
demand; (ii) Resource scarcity and carbon constraints and; (iii) 
Increased global use of fossil fuels. 

 
Part 1: describes the role of energy innovations and technological 
progress in driving economic growth over the past century. We discuss 
the global trends shaping government policy and business strategy and 
provide insights into the relationship between energy and economic 
growth. We consider the role of innovation underlying the performance 
improvements in energy use and frame this discussion on the basis of 
several trends that will shape business. 

 

Part 2: brings together data and information from various sources 
describing three components of macro-economic performance: A)
Energy Performance, B) Innovation and C) Investment in clean energy 
technologies. Where possible, this has been used to compare the 
performance of the Europe relative to other countries or regions.  

A. Energy Performance…………………………………….……………….. 

There is a complex relationship between the innovation and adoption of 
new technologies, economic growth and energy performance. Energy 
performance combines energy efficiency, CO2 emission reduction and 
energy productivity. We suggest that energy performance can be 
achieved through win-win (positive return) energy efficiency solutions, as 
well as a transition to renewable energy sources (RES). Action to do so 
must be immediate. There exist cost-effective solutions that can be 
implemented now. Strategies for the long-term must also be prepared, to 
support the innovation-adoption and diffusion of low-carbon, high 
performance alternatives to fossil fuels. This will require the innovative 
application of technology and new business models. Governments must 
work with business and academia to promote this sustainable 
innovation. 

B. The Innovation Context……………………………………………………. 

Innovation is essential for continued economic growth. To meet future 
energy demand in a carbon constrained world, innovative technologies, 
systems and business models will need to be imagined, tested, 
evaluated, promoted and broadly adopted. The innovation context is 
essential for businesses to develop sustainable value innovation – the 
creation of public benefits and private profits (value) whilst reducing 
economic and environmental costs. Activities to promote sustainable 
value innovation include the creation of lead markets, the supply of 
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increased resources for R&D and innovation, the promotion of structural 
mobility of institutions, people and resources and the creation of a strong 
consensus between government, business and social leaders. 
Sustainable innovation is facilitated by stable and consistent policy 
frameworks, strategies and networks supporting technological and 
institutional innovation. 

C. Cleantech Venture Capital Investments……………………………… 

An effective way of turning sustainable innovations into commercially 
viable products and services is via Venture Capital (VC). Cleantech VC 
investments in both the USA and Europe have increased significantly in 
the past seven years. In the last two they literally exploded. Still the EU 
lags behind the US, for a variety of reasons that we consider. These are 
both cultural and institutional. There has also been a steady parallel 
increase in terms of the percentage of Clean Energy Technology VC 
investments. This trend represents an opportunity for venture capitalist 
to reshape the energy market throughout the world as is the current 
push for innovation. 

 

Part 3: proposes a course of action. The combined pressures of 
population growth, accelerating energy demand and carbon constraints 
represent an unprecedented challenge to humankind. However, this 
challenge also represents a historical opportunity for business and 
governments to lead the way towards a greener economy. In order to 
confront the challenge and grab the opportunity, European governments 
and businesses should, together, take action in three main domains: 

A. Reduce Emissions………………………………………………………… 

Radical energy performance improvements: 

 Must to be pursued by European businesses and governments. In 
order to face the monumental challenge of climate change, Europe 
must produce a dramatic increase in energy efficiency and a 
significant decline in carbon dioxide emissions; 

 Can be achieved through a „pot-pourri‟ of synergistic and 

complementary activities including win-win energy efficiency 
solutions, as well as a transition to renewable energy sources;  

 Can potentially become sources of competitive advantage. By 
adopting distributed energy generation and intelligent transmission 
systems, for instance, new market spaces can be created for 
businesses and result in competitive advantages for the European 
Union as a whole; 

 Require the creation of a stable and consistent policy and 
regulatory frameworks that provide the necessary incentives for 
the creation of new market spaces for businesses. 
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B. Promote Innovation…………………………..…………………………… 

Development, demonstration and deployment of eco-innovations: 

 Must be achieved by European business and governments in 
order to guarantee access to global markets for cleantech, while 
contributing to sustainable development; 

 Depend on government support for research and development, 
which can lead to the creation of commercially viable new 
technologies by businesses; 

 Can be developed more easily within clusters of eco-innovation, 
which should be facilitated by governments; 

 Can be achieved by businesses of any kind by deploying pro-
active environmental strategies; 

 Can be used by business to develop strategies for „sustainable 

value innovation‟ that enable business to increase the value of 

their products and services to consumers whilst both reducing 
economic and environmental costs. 

C. Encourage Investment………………………..………………………….. 

The capacity and culture to expand investments in clean energy:  

 Depends on governments and entrepreneurs seeing venture 
capital as an effective way of turning innovations into commercially 
viable products and services; 

 Requires governments to facilitate a more efficient investment 
flows within the EU context;  

 Relies on the motivation of a more entrepreneurial European 
culture, which should be stimulated by industry and supported by 
governments. 

 Requires legal and institutional incentives that make it easier for 
entrepreneurs to set up a company in the EU and finance them via 
venture capital; 

 Should be a priority for the European Union, since the expansion 
of clean energy via venture capital has been more prominent in 
America than in Europe, representing a clear risk of loss of 
competitiveness by European businesses;  

 Needs to be encouraged through the creation and support of 
clusters of innovation which bring together industry and academics 
within an entrepreneurial atmosphere, conducive to the 
development of appropriate business and finance models for rapid 
deployment of innovations. 
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Principle Data Sources…………………………..…………………………… 

All energy consumption, CO2 emissions, GDP and population measures 
were sourced from the International Energy Agency (IEA) data services 
(http://data.iea.org/). Data describing the size of clean technology 
venture capital investments was provided by the Cleantech GroupTM 
(http://www.cleantech.com/). Measures describing the innovation context 
were developed by Hugo Hollanders & Anthony Arundel (2006) at UNU-
MERIT, to whom we are most grateful. All other information is 
referenced within the review. 
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                                                                       Part 1 - Global trends shaping the future 

 

The combined pressures of population growth, accelerating energy 
demand and carbon constraints represent an unprecedented challenge 
to society and businesses alike. 

Accelerating energy demand 

It is widely understood that as populations and economies grow global 
demand for energy will increase, but the hard truth is that energy 
demand is accelerating. Under a business-as-usual scenario worldwide 
energy demand is estimated to grow by 60% over today‟s levels. 

Demand for energy in China and India alone is expected to grow at over 
3.4% per annum to exceed 5300 million tonnes of oil equivalent by 2030. 
If provided by an energy system similar to today‟s, that is to say largely 

using energy from fossil fuels, carbon dioxide emissions can be 
expected to exceed 14.7 billion tonnes by 2030, an increase of fifty five 
percent above current levels1. This would spell imminent disaster for 
mankind. 

Energy security 

So how can future energy demands be met? The answer is not simple. 
The growth rate of supplies of conventional oil and natural gas will 
struggle to keep up with accelerating demand. While total reserves of 
conventional and unconventional fossil fuel resources are estimated to 
be sufficient for several centuries at the current rate of consumption, in 
practice less than half can be recovered using existing technologies, and 
the costs of recovery (monetary and energy expended) render them 
„unfeasible‟ and are unlikely to fall significantly in the near future unless 
major investments in R&D, test implementations and knowledge transfer 
are more forthcoming. 

Probable increased use of fossil fuels 

The unpleasant fact is that it is very likely that fossil fuels will continue to 
be consumed and many countries will turn to coal to ensure security of 
supplies. The International Energy Agency (IEA) estimates2 that coal use 
could increase by over 60% in the next 20 years. At present the US 
generates half its electricity using coal. In Europe, the UK, a strong 
proponent of action to reduce emissions, is considering building its first 
new coal fired power station for over 30 years despite plans, as recently 
announced, to promote „next generation‟ nuclear as a means to meet its 

agreed targets. Unfortunately efforts to capture the carbon and store it 
indefinitely are likely to increase the real costs of energy, unless these 
additional costs can be offset through the benefits of reduced carbon 
emissions and carbon trading. Indeed the majority of solutions proposed 
to either generate energy or store carbon involve additional costs that 
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may have an inflationary effect. Whether increased costs of energy are 
likely to induce a global recession is open to question.3 

Large investments are required to meet carbon dioxide 

emission targets 

Energy supply infrastructure investments to meet existing carbon dioxide 
emission targets could reach $22 trillion over the period 2006-2030. In 
the power sector alone capital expenditures could reach $11.6 trillion. 
Every year the estimate is getting bigger. In the IEA alternative energy 
scenario investments in energy efficiency reduce energy demand by 
11% compared to the reference scenario, generating 19% less CO2. 
This amount represents a 27% increase in CO2 emissions over 2005 
levels. Delaying implementation by 10 years could reduce savings in 
2030 by two-thirds4. “If we don‟t act now the act, the overall costs and 

risks of climate change will be equivalent to losing at least 5% of global 
GDP each year, now and forever. If a wider range of risks and impacts is 
taken into account, the estimates of damage could rise to 20% of GDP 
or more.”5 

Immediate and sustained action is required 

An interpretation of the implications of these trends for economic growth 
are open to discussion, but when combined, it is evident that 
governments will have to work with business to promote the most 
appropriate near-term as well as long-term solutions which meet future 
energy demand with significantly lower carbon emissions and without 
large energy cost increases. Three options are presented within this 
report. If the worst effects of climate change are to be avoided 
immediate action is required in each domain.  

1. Increasing the efficiency of energy use must be a continual effort 
and one that can be acted upon immediately.  

2. Address the need for a conversion from carbon-based fuels to 
other sources of energy cannot be implemented immediately 

3. Identify methods of carbon capture and sequestration to mitigate 
the probable future use of fossil fuels. 
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                                                                                   Part 2 - Indicators of performance 

 

A) Energy Performance: Power up, carbon down. 

Energy performance combines three concepts, (i) energy efficiency (ii) 
CO2 emission reduction (iii) energy productivity. As we will explain below 
energy powers the economy, so it‟s a no brainer to seek to maximise 
power output per unit energy consumed. Improved efficiency reduces 
costs and frees up resources, but also reduces CO2 emissions per unit 
work performed. Moreover, efforts to reduce CO2 cannot leave the 
economy short of energy, hence the double importance of increasing 
energy efficiency in the short term to limit fossil fuel use and CO2 
emissions, but in the longer-term to maximise the utility of what may be 
constrained renewable supplies of energy. Improved energy efficiency 
contributes to improving energy security. Finally energy efficiency is 
essential if we seek to capture and store carbon emissions. Why? 
Because this effort will require energy, adding an additional source of 
demand to an increasingly energy greedy world. 

Energy Performance Drives Economic Growth 

There is a complex relationship between the innovation and adoption of 
new technologies, economic growth and energy performance. 
Economists have inconsistent views on these relationships: Most agree 
that innovation is a major driver of growth, generating new market 
space, as well as productivity improvements; some argue that economic 
growth is independent of energy or natural resource consumption; a 
majority assert that wealth, rather than simply growth per se is a 
prerequisite for environmental protection. 

Much of this confusion can be lifted when it is understood that 
technologies and innovations vary widely in both growth-creation 
potential and environmental impact. Although innovation is essential for 
continued economic growth, for the creation of competitive advantage or 
new market spaces, innovations that increase environmental pressure 
do not contribute to sustainable growth, and may even put at risk the 
wealth of future generations. The way in which energy is supplied and 
consumed is strongly dependent on the dominant systems of production 
and consumption and in particular on the technology employed. There is 
a growing body of research evidence from research completed by 
INSEAD Emeritus Professor Robert Ayres and senior researcher 
Benjamin Warr to assert that the way in which energy is used plays a 
much larger role in driving growth than previously thought6. 

It is conventional wisdom that growth depends on innovation. Any 
product can be innovative, a shoe, a watch, or golf ball but nobody can 
claim that this sort of innovation contributes significantly to overall 
economic growth. It merely replaces an earlier product and often 
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encourages waste. In fact, the vast majority of inventions and 
innovations are essentially incremental small improvements in an 
established product, or the process by which it is made. 

 

 

Figure 1: Aggregate conversion efficiencies over the past century, US, 

UK, Japan and Austria. 

Absolute growth is driven by another sort of innovation that is far more 
pervasive, called general purpose technologies (GPT). A GPT is one 
that reaches across market boundaries and enables the creation of new 
products and services, or at least improves the performance or cuts the 
cost of established products in other areas. Most GPTs impact in some 
way the efficiency with which energy is produced, transmitted and 
applied to do useful work in the economy.7 

The series of pioneering „energy-related‟ inventions that followed Otto, 

Diesel, Edison and Tesla, along with the internal combustion engine, the 
automobile and aeroplane have together been the major contributors to 
economic growth over the 20th century. Of course, there have been 
others, such as plastics, chemical manufacture, healthcare products and 
services, to list but a few, but we argue that the dominant driver, 
generating new markets, and indeed providing new energy to power 
economies stems from these advances. In more recent years, the 
transistor and the micro-chip, information related technologies, have 
triggered a new wave of inventions and innovations that have certainly 
contributed to economic growth in the second half of the 20th century, 
and hopefully into the next. However, there is strong evidence to 
suggest that these two general purpose technologies - heat engines and 
electric power - taken together have been the „growth engine‟ of the 

modern world, for over a century. 
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Economic growth has been a long process of substitution of machines, 
driven mostly by the combustion of fossil energy, for biomass powered 
human and animal muscles. Technological progress makes the 
conversion of primary energy (raw exergy from fuels) to useful work and 
energy services more efficient. The efficiency of conversion from fuel to 
useful work has improved significantly over the past century (Figure 1). 
This means that for a given fuel input, it is possible to extract ever 
greater amounts of useful work. As a result, the price of work tends to 
decline. Declining prices of work generate increased demand for work, 
either for direct services (like heat) or for other goods and services that 
require inputs of useful work, as motive power, electric power or heat. 
Demand for energy services stimulates demand for primary energy. 
Increased energy demand, in turn, requires bigger production units with 
more economies of scale, and stimulates R&D and learning-by-doing 
(increasing experience). Product and process improvement follow 
(Figure 2). 

 

 

Figure 2. The extended Salter cycle of growth. 

 

The long-run growth ‘engine’ is a positive feedback cycle: 

increasing conversion efficiency drives growth via declining prices, 

increased supply and growth, itself, drives more growth. This 

means that the quest for energy efficiency is of paramount 

importance, not only to reduce CO2 emissions but also to drive 

economic growth.8 

 

Measure and manage energy performance 

As the dictum states, „if you can‟t measure it you can‟t manage it‟. 
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to its competitors over the last ten years9. The data are expressed in 
totals, per capita and per unit GDP (Figures 3a-c). The information they 
relay does not give rise to much hope. 

Until recently the worlds‟ largest CO2 emitter has been the US. China 
has been catching up fast, and latest estimates suggest that its‟ 

emissions may have surpassed those of the US. Worryingly CO2 
emissions elsewhere in the developing World are also accelerating. 
Trends in total emissions for North America are increasing from 6 billion 
metric tons since 1995 (Figure 3a). For the EU they are not declining 
and have remained relatively constant at a little over 4 billion tons. 
Emissions for the other countries are of course much lower, reflecting 
their smaller population size. 

 
Figure 3a. Emission trends in Mt of CO2 (1995-2005) 

 

Expressed per capita (Figure 3b), the reasons underlying the relative 
performance of the EU and N. America is more distinct. North Americans 
emit on average 20t CO2 per capita, double the CO2 of their European 
counterparts. This is largely a reflection of their consumption patterns, 
for transport and residential uses. The higher CO2 intensities of Australia 
and Japan relative to Europe are also revealed. As a developing country 
China‟s citizens emit less than half of the CO2 per capita than the 
average European. This gap is closing fast as China‟s predominantly 

industrial economy grows and its population becomes wealthier. Indeed 
the same is true the developing world over. 
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Figure 3b. Emission trends per capita (1995-2005) 

 

Expressed per unit GDP, the CO2 intensity of GDP shows how much 
carbon dioxide is emitted for each unit of economic activity (Figure 3c)10. 
This tells a quite different story. Here China and Australia perform worst. 
Europe, Japan and India are the most energy productive of the countries 
considered. N. America emits 35% more CO2 per unit of value added. 
These groupings are largely a reflection of the structure of the 
production side of each economy, and in particular the relative 
importance of heavy (energy intensive) industries and service sectors. 
Australia, while a strong service-based economy still generates 
significant revenues from agriculture, mining and metals processing. 
China has burgeoning export led primary resource and manufacturing 
industries, India less so. Both China and Australia rely heavily on coal as 
a source of energy. Japan, Europe and to a lesser extent N. America on 
the other hand have seen the decline of heavy industry and the growth 
of less energy intensive, and more economically and energy productive, 
service sectors. 
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On first sight it appears that Europe‟s performance is improving and that 

of China is worsening. Indeed energy productivity within Europe is 
improving; however, this largely reflects a shift in economic production 
structure. If the CO2 embodied in the many products (and services) 
imported from the rest of the World into Europe are considered as part of 
Europe‟s domestic requirements the situation is quite different. A 2007 

study by the Tyndall Centre11 indicated that over a quarter of China‟s 
emissions are produced making goods for the West. In total exports 
account for 23% of China‟s emissions. 

Many of these goods are essential for the service sector in Europe. 
Shifting their emission statistics to another country may provide the 
impression of „decoupling‟, but the hard truth of global climate change is 

that emissions elsewhere amount to emissions here. Given the global 
and shared nature of climate change, failure to set global caps, and 
ensure that all countries sign-up, could be disastrous. Europe‟s 

agreement to reach targets set in the Barrosso package could put 
certain CO2 intensive European industries at a competitive 
disadvantage, leading to a „leakage‟ of industry to countries with lower 

regulatory standards or lacking any CO2 emission reduction targets. This 
could push Europe to react, for example by implementing a carbon tariff 
on goods from countries where greenhouse gas emission policies do not 
equal European standards12. Alternatively it could provide an example to 
the rest of the world and stimulate EU innovation in these industries and 
the development of an export market elsewhere. 

Realise the productivity potential of energy efficiency 

A simple measure of emissions totals does not provide the information 
required to identify possible solutions. It is essential to look behind this 
data to identify where and how energy is being used to provide services 
essential to the economy. Figure 4 shows where energy is being used in 
the US and EU economies. Over 41% goes to residential and 
commercial uses, and 31% to transport which are typically very 
inefficient, often less than 10% from primary energy to energy service. 
Significant efficiency improvements leading to a slowdown in the growth 
of energy demand are possible for these end-use demands. 

Energy efficiency leads to reduced energy consumption for an 
equivalent energy service provision. Maximising efficiency  necessarily 
minimises energy consumption, which for any task is a realistic technical 
goal. For a performance based energy economy improving energy 
efficiency is a fundamental objective for economic productivity, as well 
as a significant issue in climate policy formulation as efforts to reduce 
emissions and increase efficiency are best considered in tandem. 
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 US EU 

a) 

  

b) 

  
Figure 4. Breakdown of (a) energy use and (b) CO2 emissions by sector 

for the US and Europe 

 

Measuring the energy efficiency of a region, nation or state is no simple 
matter, but aggregate estimates do exist (Figure 1). Typical values for 
the efficiency of energy to energy service range from 2 to 16% 
depending upon the method13. The truth of the matter is that we waste 
most of the energy supplied. Worryingly, the rate of efficiency 
improvements at the national scale shows signs of slowing down14. As 
we have discussed this may have important implications for economic 
growth. However, using well-understood technologies and innovative 
business models much can be done to improve this situation. 

Improving energy efficiency involves the use of a broad range of 

existing and new technologies, processes as well as changes in 

behaviour. 

The economy does not require energy per se rather the energy services 
of for example, heat, light, mechanical power, ventilation and 
communication (see Box 1). A focus on end-uses can be a useful tool to 
identify where the major energy losses occur in the energy value chain, 
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from primary resource to energy service. Globally the most significant 
opportunities for efficiency improvements are to be made in the process 
of converting final energy into useful work and energy services. 

 
Source to service exergy efficiencies, typical of an industrialised 
country 
 
Energy and exergy: Exergy means roughly potentially useful energy 
and is what most people mean when they say energy. The reason, 
energy can‟t be used up, only converted from available (i.e. fossil fuel, 
solar) to unavailable forms (low temperature heat). 
 
Useful work: Whatever increases the kinetic or potential energy of a 
subsystem can be called work (for example heat or pressure). 
Electricity can be considered pure work. It can provide other forms of 
work with very high efficiency. 
 
 
Energy services: Consumers seek comfort through heating devices, 
mobility from vehicles and the ability to see in the dark provided by 
light from lamps amongst a myriad of other uses for which energy is 
required. 
 
Starting from the left side of the figure above and moving to the right 
hand side of the figure, in each stage (from coal, oil and gas to petrol 
and diesel, to heat and light and finally to comfort), energy is 
converted from one form to another involving a loss of potential to do 
useful work and provide energy services to the consumer. This is, 
fundamentally, wasted energy. 
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A recent report by McKinsey Global Institute15 indicated that by 
employing existing mature technologies in the residential sector (such as 
high insulation building shells, compact fluorescent lighting and high 
efficiency water heating) it is estimated that global energy growth 
demand can be halved to 1% per annum, leading to a 5% reduction in 
global energy demand by 2020. Efficiency improvements in electricity 
generation and distribution could increase conversion efficiencies up to 
55%, above their current level of approximately 33%, reducing energy 
demand in 2020 by 3% of the total. Needless to say, similar efficiency 
improvements are possible across other sectors of the economy. A 
concerted global effort to boost energy efficiency and in turn energy 
productivity could reduce energy demand growth to under 1% per 
annum, equivalent to a reduction of 20 to 24% of global energy demand 
by 2020. Importantly they considered only those technologies that are 
commercially viable today, having an internal rate of return on 
investment (IRRI) of 10 percent or more. That is, the investments pay for 
themselves. Importantly the efficiency gains free up resources for 
consumption or investment elsewhere. 

Efficiency improvements typically pay for themselves and therefore 
represent “win-win” solutions.16 So why are they not being capitalised 
on? It is widely understood that market forces alone are not adequate 
incentives as energy consumption is very inelastic to changes in price. 
From a global perspective increases in the cost of oil generate increased 
revenues in oil-exporting countries and demand increases that offset the 
decline in consumption in oil-importing countries. Moreover globally 
taxes are largely offset by subsidies. For businesses, energy costs are 
typically small relative to labour and capital costs, so energy saving has 
not been considered as a priority action. For businesses and consumers 
alike, the fragmented nature of energy costs makes it difficult to identify 
where the energy goes and therefore where energy efficiency 
improvements can be made. Lack of information about the cost-
effectiveness of efficiency improvements and / or high expected rate of 
return on investment hurdle of 20% or more deter businesses from 
investing in energy performance. Consumers may simply lack the 
liquidity to invest. Policies to remedy this situation include: ending fuel 
subsidies globally; extending the application of energy auditing and 
benchmarking; tightening of fuel-economy standards; encouraging 
energy service companies‟ adoption; developing demonstration projects; 
creating efficiency subsidies, tax credits or low finance options. 

B) The Innovation Context 

Together with energy, innovation lies at the heart of economic growth, 
providing new employment opportunities and increasing the stock of 
knowledge, as well as offering the opportunity to improve environmental 
performance17 (Box 2). It is increasingly understood that individual 
technologies and the way that they develop are best understood as part 
of a wider technological and innovation systems18. Innovation systems 
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can be defined as “the elements and relationships which interact in the 

production, diffusion and use of new and economically useful 
knowledge”19. Much research has shown that the innovation 
performance of nations is reflected not solely on technological capacity, 
but by different institutional arrangements such as the structure of 
institutions and policy frameworks, availability of knowledge capital and 
finance, R&D expenditure, public infrastructure and national monetary, 
fiscal and trade policies.20 

 

 
Box 2: The Characteristics of Innovation21 

 
Innovation describes the introduction of something new, a change that 
creates a new dimension of performance. The term refers to both 
radical systems changes and incremental changes to products, 
processes or services. 
 

1. Innovation is systemic and involves the feedback and 
interactions of networking, knowledge and information flows as 
well as social, cultural and institutional factors determining 
values, policies, and economic context. Innovation and policy 
making are both systemic processes that interact. This 
characteristic suggests that business and government must co-
operate to define common benefits and how to achieve them. 

 
2. Innovation is dynamic and in a state of permanently flux, 

because technological and institutional change occur at different 
levels and time scales. 

 
3. Innovation is uncertain, because it is not possible to accurately 

forecast future technology and market opportunities innovation is 
characterised by uncertainty about future markets, technology 
potential and policy and regulatory frameworks.22 

 
 

To date there is no specific measure of eco-innovation at the EU or 
national-level allowing comparison of their relative performance. 
Developing just such an eco-innovation index is the topic of current EU 
research (EU FP6 MEI23). However, measures of the general innovation 
context are available. This is measured using data describing human 
resource flows, institutional linkages, size and number of industrial 
clusters and innovative firm behaviour. Two such measures were 
explored these are the Global Innovation Scoreboard (GIS) developed 
by Hollanders and Arundel, 2006 at UNU-Merit, Maastricht and the 
Network Readiness Index (NRI) by the World Economic Forums' Irene 
Mia and INSEAD's Soumitra Dutta. While the NRI is a comprehensive 
and respected international assessment of the preparedness of 
countries to capture the benefits of participating in the networked 
economy its' focus is specifically on Information and Communication 
Technologies (ICT). The GIS measure represents the more general 
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context for innovation which correlates strongly both economic 
productivity per capita and labour productivity (Figure 5), and is used 
hereon to compare the innovation context of Europe. 

 

 

 
Figure 5. The strong correlation between innovation and (a) GDP per 

capita, and (b) labour productivity 

 

Measuring the innovation context 

The concept of a National System of Innovation (NSI) was first 
developed in a pioneering study of the Japanese economy in the late 
1980s24. It is important to consider the national scale because there is a 
strong emphasis on policy and because the structure, understandings 
and behavioural patterns that characterise the system are specific to a 
nation, region or community. The innovation context is typically 
measured using data describing human resource flows, institutional 
linkages, size and number of industrial clusters and innovative firm 
behaviour. The Global Innovation Scoreboard (GIS)25 is based on a 
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„systems approach‟ definition of innovation. The five factors are 
constructs based on twelve indicators are:26 

1. Innovation drivers measured by the supply of talent 
2. Knowledge creation as expressed by investments in knowledge 

and the outputs generated 
3. Diffusion potential reflecting the level of information communication 

technology capabilities 
4. Applications success described by the size and quality of business 

activities 
5. Intellectual property creation measuring simply the total number of 

patents. 

The rankings give a summary of the general innovation context for each 
country (Figure 6), showing clearly that Japan is out front, the US 
follows, and EU lags. 

Countries can then be grouped based on their absolute and relative rank 
performance. The grouping allows the identification of countries with 
similar patterns of innovation and provides a useful tool for comparative 
policy analysis. 

The results of grouping show that Finland, Sweden, Switzerland, 
Singapore and Israel, Japan and the US are amongst the innovation 
leaders. Australia and the EU25 are in the group of next–best 
performers. Countries with the highest innovation rank have the highest 
levels of GDP per capita; labour productivity; the most researchers per 
million population; the highest R&D intensities; the most scientific 
articles and the most patents per million population. The US has a 
slightly lower rank relative to other countries in the same cluster, largely 
due to their relatively poor performance in science and engineering 
(S&E) graduates. 

 

 
Figure 6: Innovation context measured by the Global Innovation 

Scoreboard (Source: UNU Merit). 
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The UK, Germany, Denmark, the Netherlands, France, Iceland, Norway, 
Belgium and Austria are all above the average EU25 ranking while 
Ireland, Italy, Spain are all below the EU25 average. The latest EU27 
entrants (Bulgaria and Romania) as well as India and China are lagging 
countries. China‟s overall innovation performance is close to that of 

Malta, Lithuania, Greece and Slovakia, while India‟s overall performance 
is close to that of Poland and Argentina. 

China is a leader in terms of using innovations to adding value to 
manufacturing and exporting high-tech products and performs better 
than the EU25 for the Applications indicator. India is one of the many 
countries developing networks to leverage the diffusion and application 
of new technologies, as is evident by their medium to high NRI scores. 
However to truly maximise innovation performance India and China 
need to invest more in the creation of intellectual property. The EU can 
thus play a vital role in meeting this need and transferring technologies 
to both OECD and non-OECD countries through initiatives such as the 
technology transfer platform, an IEA initiative. 

Measuring the Eco-Innovation Dimension 

The above measure of the innovation provides only an indication of the 
general innovation context with little information about the specifics of 
eco-innovation. This is for good reason. To date there is no widely 
accepted method of measuring the eco-innovation performance of either 
individual nations or the European Union according to the five criteria for 
describing innovation. It is however possible to envisage the 
development of an eco-innovation measure at the macro-scale by 
collecting similar data focussed only on those patents, expenditures, 
exports etc. specific to „eco-products‟ and services, or graduates 

obtaining degrees related to the environment. Unfortunately such 
distinctions are not made at present. There lacks a typology of eco-
innovations. 

Figure 7 shows the breakdown of patents for clean technologies in 
vehicle motor abatement, solid waste treatment and renewable energies. 
This reveals that the EU has a far greater fraction of patents registered 
at the World International Patents Office than the US, in each domain, 
despite having a lower score for the innovation context, as indicated by 
the GIS measure. Evidently capacity and competence in research and 
development in these domains exceeds that of the US and to a lesser 
extent Japan. Though as we shall see in section C, Europe is less active 
in providing the venture capital necessary to transform this advantage 
into commercial success. Much can be learnt from success stories of 
lead market creation within Europe to improve the success of 
demonstrating and deploying new technologies. 
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Country share in motor vehicle 
abatement patents 

 

Country share in solid waste 
patents 

 
Country share in renewable energy 

patents 

 
 

Country share in core scientific 
articles (1999-2004) 

 

Figure 7. Environmental Patents and Publications data (source: OECD) 

 

Lessons on the Importance of Lead Markets in Europe 

A recent report to the Commission highlighted the need for Europe to 
offer an innovation-friendly market for the creative output of its 
businesses else they will fail or go elsewhere27. The report highlights a 
complete raft of activities to promote innovation in Europe, all of which 
are relevant to sustainable innovation systems. They include the need 
for the creation of lead markets, for the supply of increased resources for 
R&D and innovation, the promotion of „structural mobility28‟ of 

institutions, people and resources and the creation of a „pact‟ between 

government, business and social leaders. 

Lead markets offer significant long-term benefits by stimulating the 
dynamic virtuous cycle of new value creation, increased demand, 
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reduced manufacturing or service costs, reduced process costs, further 
growth in sales and a new cycle of innovation (Figure 8). The 
development of European lead markets in renewable energy 
technologies offers a significant potential for export led growth. A lead 
market of sufficient scale offers the potential for a higher return on 
investment and reduced risk. However lead users accept higher costs 
and take bigger risks involved in early adoption of innovations. But, in 
return they can gain better abilities to use and benefit from the 
innovation increasing the chance that it meets their specific needs. 

 

 
Figure 8: Niche-Accumulation (adapted from Geels, 200229) 

 

The market does not always reward its lead suppliers and users 
adequately, but it is widely accepted that action could do much to 
leverage certain advantages that Europe posses that are critical to their 
development, such as relatively high incomes and willingness to 
purchase higher quality goods, i.e the presence of lead users. 

 

The case of solar investments in Europe…………….……………………  

Fortunately, Europe can learn from successful examples from within its 
borders. For example, Germany is a global leader in solar energy 
technology and wind technologies. Solar valley near Leipzig, built by 
German company UV is the largest series of solar modules in the world. 
There are 5000 solar modules capable of producing 40GW. Elsewhere 
in Germany, 1 in a 100 homes has an array (400,000 homeowners 
receive a higher tariff then large producers). 

The drive behind this trend comes from a fear of nuclear technologies 
sown in the 1970s as awareness about environmental impacts grew and 
alternatives were sought. Today Germany is 20 years ahead of much of 
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the rest of the EU and is half way to reaching its goal of 20% by 2020 
target. By 2050 it is possible that all energy supply in Germany comes 
from renewable sources. 

What is the secret of their success? Regulation obliges utilities to buy 
and pay a premium for the electricity generated. Feed-in tariffs mean big 
and small can sell electricity at a higher tariff rate, twice that of traditional 
supplies. This price is guaranteed over 20 years. As a result the 
photovoltaic market is booming, as it becomes profitable. The tariff is not 
state money, rather a small bonus spread across rate payers. The tariff 
goes down each year to encourage rapid adoption providing a strong 
incentivisation to grow the market, and develop economies of scale, 
which lead to reduced costs. Individual customers can become 
suppliers. It costs about 25,000 Euro to fit out a typical family house, 
with 10 year pay back period for good conditions. But they will need a lot 
of solar micro-power generation systems to meet energy demand. 

Frankfurt an der Oder, Conergy, is the 2nd biggest solar energy 
producer in the World, working in 26 countries to turn silicon into tiles for 
solar panels and making lots of money doing it. New innovative 
companies are setting up in the region knowing that they will find a well 
educated and skilled workforce. The talent of the declining semi-
conductor industry have moved back into the region. Under strong 
pressure to innovate and reduce costs. Single one line production 
facilities permit significant cost reductions; a shift from a cottage industry 
to maturity. As a result in the last ten years costs have declined by 50%, 
and each unit consumed simply contributes to reduce the cost. Full 
competitivity will arrive near 2015, as fossil energy prices rise. It is 
widely understood that huge markets are coming. 

In the UK they are missing out on this market. The UK has a poor roll-
out record for RES, having far less then the 8% in Germany. Renewable 
obligations certificates enable electricity companies to purchase „green‟ 

electricity, generating a subsidy of almost 1billion Euro a year. But this is 
a more complicated system than feed-in tariffs. Catch-up is possible. 
With the right legislation and signals from government. Feed-tariffs are 
widely understood to provide the most effective way to move rapidly to 
scale. As of today eighteen EU countries have feed-in tariffs. 

The four factors contributing to the relative success of the German 
industry include30: (1) creation of variety in an early phase; (2) 
establishment of social legitimacy of renewable energy; (3) the 
employment of advanced market creation policies in a later phase; and 
(4) the use of industrial policy to favour the domestic industry. 

Key steps to create lead markets include: 

 Provide a harmonized regulatory environment; 
 Use standards setting powers to demand high technical 

performance levels and reach agreements on new standards 
quickly and efficiently; 
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 Use public procurement to drive demand for innovative goods, 
while at the same time improving public services; 

 Foster a cultural shift which celebrates innovation and a desire to 
possess innovative goods and experience innovative services. 

C) Venture Capital Investments in Clean Energy 

An effective way of financing innovative start-up companies, as well as 
expansion of existing firms is via Venture Capital31 (VC). Such an 
approach to financing enterprises has historically been more prominent 
in America than in Europe. In 2006, for instance, US firms have raised 
$45 billion, five times as much capital as the EU‟s $9 billion32. 

From Cleantech VC to Mainstream VC  

Mainstream VCs usually include environmental issues in their 
investment decision procedure as a risk factor only. They are seen as a 
risk carrier or a potential liability to the start-up. Often, external 
consultants are hired to assess environmental risks related to the 
specific potential investee company in due-diligence procedures. 
Cleantech VCs, on the other hand, consider the capacity eco-
innovations have to add value to an enterprise, besides the risk 
reduction factor. Hence, cleantech VCs have the potential to generate 
„double-dividends‟  the creation of both low environmental impacts or 
risks and financial returns. After targeting eco-innovations, the decision 
investment procedure is basically the same as in the mainstream VC 
industry. Cleantech VC firms currently invest in the following industry 
segments:33 

1. Advanced Materials: Nanomaterials, biomaterials, chemical, 
hybrids/composites 

2. Agriculture & Nutrition: Pesticides, irrigation, food products, land 
management 

3. Air & Environmental Quality: Emissions control, emissions 
monitoring, trading and credits 

4. Energy Generation: Wind, solar, hydro/marine, biofuels, 
geothermal, others 

5. Energy Infrastructure: Management, transmission, quality 
6. Energy Storage: Fuel cells, advanced batteries, flywheels, 

ultracapicitors 
7. Energy Efficiency: Lighting, sensors, automation, conservation 
8. Manufacturing & Industrial: Advanced packaging, monitoring and 

control, smart production 
9. Materials Recovery & Recycling: Recycling, resource preservation, 

waste processing 
10. Transportation & Logistics: Propulsion, advanced structures, 

advanced infrastructure, vehicles 
11. Water Purification & Management: Treatment, metering, 

infrastructure, conservation 
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The Evolution of Cleantech VC 

Cleantech VC investments in both the USA and Europe have increased 
significantly in the past seven years, as Figure 9 suggests. In the year 
2000, cleantech VC accounted for approximately €33 million in Europe 

and €500 million in the USA, representing just around 1.3% of the total 
amount invested by the VC industry.  

In terms of overall amounts invested and the number of deals financed, 
the level of VC activity in European cleantech is roughly half of that for 
North America. However, the overall venture capital market in Europe is 
also smaller depending on the reporting source, Europe's total is 
anywhere from a third to three-quarters that of North America. Taking 
the relative size of the capital markets into account, cleantech occupies 
a greater share of the venture market in Europe than it does in North 
America.  

Cleantech VC activity is on an upward trend in Europe, climbing from 
less than 8% of overall VC investments in 2003 to more than 13% in 
2005. This ascent is steeper in Europe than in North America, where 
cleantech companies captured 6.4% of the overall VC invested in 2003 
and 7.7% in 2005. 

There has also been a steady parallel increase in terms of the 
percentage of Clean Energy Technology VC investments34; in the US, 
from 1.3% in 2000 to 9.4% of the total VC investments in 2006 ($2.4 
billion). This trend represents an opportunity for venture capitalist to 
reshape the energy market throughout the world as is the current push 
for innovation. 

At least until 2006, Cleantech venture investments show a fair amount of 
volatility, which was due to the relatively small sample size that 
cleantech investing represents. The dot-com legacy still makes it 
relatively hard for even the experienced fund managers to raise funds in 
Europe. As Figure 10 shows, however, as the size of the VC grows 
exponentially, such volatility will eventually reduce, signalling a tendency 
towards a more mature market. 



29 
 

 
Figure 9: CleanTech VC investments in the US and EU35 

Source: US data from Thomson Financial/National Venture Capital Association & Cleantech and EU 
data from Cleantech Network TM. The 2007 US & EU figures are estimates made by the authors. 

The Cleantech VC Tipping Point 

Figure 9 also shows the remarkable growth of investments on cleantech 
VC after 2005. The broader explanation for such growth has its roots in 
the shift in the political sphere regarding climate change. The ratification 
of the Kyoto protocol in the end of 2004, the intensification of severe 
weather disruptions, such as the disaster caused by the hurricane 
Katrina in New Orleans in 2005, and the personal crusade of the Mr Al 
Gore contributed to changing this. By 2006, the anti-Kyoto standing of 
the George W. Bush presidency in America started wearing out, and 
public demand for solutions for climate change brought the environment 
into the front of political agendas. The „tipping point‟ of Cleanthech VC in 

2005-2006 is part of such trend. 

Such change in attitude resulted in more green pragmatism from both 
governments and business. The European Union and individual 
countries' initiatives to reduce their reliance on imported oil helped spur 
them toward cleaner alternatives to fossil fuels. Non-Kyoto legislations, 
such as landfill bans and laws regulating chemicals in consumer 
products, created opportunities for cleantech products. In particular, the 
political commitment of the EU towards renewable energy had a direct 
impact in cleantech VC investments.  

Considering that the EU regulatory framework pushing clean 
technologies seems more demanding than its American counterpart, we 
may wonder why Cleantech VC investments in the US are substantially 
higher than in the EU. After all, The US has not ratified the Kyoto 
protocol, and it is still very unclear whether the presidency succeeding 
George W. Bush will enforce regulations or market-driven carbon 
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constrains. What then explains the different size of the cleantech VC 
investment in the US and Europe?  

Broadly, there is an apparent „race to the top‟, in which American 

entrepreneurs are working hard – financed by VC funds – to become 
world leaders in clean technologies. There is a clear race for a first 

mover advantage in cleantech. For instance, considering the potential of 
„thin films‟ have to reduce the costs of photovoltaic panels, mastering 

such technology would give a very important first mover advantage for 
firms to sell its product globally. Overall, the rationale of most cleantech 
investments relates to potential of enterprises to reach global markets.  

The Rapid Surge of Clean Energy VC 

Although the scope of several types of clean technologies is vast, 
energy-related VC represents by far the largest portion of investments in 
Europe and North America. Figure 10 shows that, during 2003 and the 
second quarter of 2006, of the eleven cleantech segments (listed 
above), energy received 70.4% of the amount of VC invested in Europe, 
with Germany having 96% of total cleantech investment in energy-
related deals. VC investments in clean energy are composed by four 
areas36: 

1. Energy Generation: Wind, solar hydro/marine, biofuels, 
geothermal, Combined Heat and Power (CHP) 

2. Energy Infrastructure: Management, transmission (smart-grids), 
quality 

3. Energy Storage: Fuel cells, advanced batteries, flywheels, ultra-
capacitors 

4. Energy Efficiency: Lighting, sensors automation, conservation. 

A typical example of clean energy generation financed by VC is the 
manufacturing of wind turbines for the generation of electricity. Wind 
energy has the obvious benefits of using renewable energy and zero 
emissions during the use phase of turbines. Of all the new renewable 
energy technologies, wind power has made the most significant 
commercial progress. Today, wind energy is cheaper than nuclear 
power and competitive with all forms of fossil fuel based power 
generation. 
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Figure 10: 2003-Q2.2006 European Cleantech Investment by segment 

Source: Cleantech Network TM 

 

Within the cleantech energy investments, the most explored segment 
has been energy generation (Figure 11). Photovoltaic, solar, and 
geothermal are upcoming technologies, which show a significant 
potential for improvement. Recent data suggests confidence in solar and 
bio-fuel energy generation. The maturity of these technologies partially 
explains the confidence in VC investing. North America dominates the 
cleantech investments in energy infrastructure management and 
transmission, as well as energy efficiency and energy storage. Europe 
has started to diversify her portfolio in terms of energy generation and 
energy storage. 

 

 
Figure 11: Q3.2006-Q3.2007 Cleantech VC Investments in Energy 
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Figure 12: Q3.2006-Q3.2007 Investments in Energy Generation, Source 
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As Figure 12 indicates, China is a new entrant into the cleantech energy 
generation market with a restricted focus on solar energy generation. 
For instance, Suntech Power was one of the first Chinese semi-
conductor companies to go public. Suntech Power‟s $396 million share 
offering on the New York Stock Exchange at the end of 2005 heralded 
the start of a Chinese solar boom. Since Suntech‟s listing, more than 

half a dozen Chinese solar energy companies have gone public. Semi-
conductor manufacturing (which turns silicon into chips) has turned out 
to be a business model for Chinese solar companies. These companies 
turn silicon into photovoltaic cells that absorb sunlight and transform it 
into electricity. Taken as a whole, cleantech VC has become the third-
largest destinations for venture capital in China37, with $420 million 
invested in 2006. 

As long as energy prices remain high or costs of alternative energies 
drop to competitive levels, the strong focus of VC in the energy 
generation segment is likely to hold. In this respect, the five-year €22 

million European Technology Platform for Wind Energy might help 
reducing the cost of wind energy production and make wind technology 
even more competitive. Lowered costs would help the EU meet a goal of 
getting 23% of its electricity through wind energy technology. Overall, 
the global clean energy markets expanded to $55 billion in 2006, and 
projected that it will quadruple over the next decade and exceed $220 
billion by 2016.38  
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                          Part 3 - Reduce Emissions -  

                                                               Promote Innovation - Encourage Investment 

 

By bringing together data describing the three dimensions on energy 
performance, innovation context and VC investment, it is possible to 
develop a summary overview of the performance of the EU relative to its 
competitors and potential markets. These plots (Figure 13) reveal 
several related facts: 

(a) N. America and China are amongst the largest emitters of carbon 
dioxide. Europe is a major contributor also; 

(b) The dominance of heavy industries, such as mining and resource 
processing in China and Australia and to a lesser extent N. America 
means that their energy productivity (CO2 : GDP) is worse than that of 
Japan and Europe, which have a dominance of service based industries. 
China performs worse on this energy performance indicator, partly a 
reflection of industry inefficiencies, but also because coal is the principle 
source of energy; 

(c) Countries using mostly coal as an energy source (China and 
Australia) have a poor carbon dioxide/energy consumed ratio. Europe, 
Japan and to a lesser extent N. America are increasingly reliant on less 
carbon intensive fossil fuels (natural gas), hydroelectricity, and limited 
use of renewable energies; 

(d) Lifestyle and consumption behaviour distinguishes Japan, China, 
India and Australia (the best performers) from Europe (intermediate) and 
N. America. As noted earlier, N. Americans are responsible for emitting 
over double the amount of carbon dioxide per capita than their European 
counterparts. India repeatedly performs best on the energy performance 
measures, for a range of reasons including its relatively smaller heavy 
industry sector, low residential, commercial and transport energy use. 

 

a) 
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b) 

 

c) 

 

d) 

 
 
The graphs plot the innovation context on the vertical axis (centre of ball), components of energy 
performance on the x-axis (a) Total CO2 emissions (b) CO2 : GDP ratio, (c) CO2 : Primary 
Energy ratio (d) CO2 per capita (numbers in reverse order, the worst performers being to the left 
of the scale) and the size of the points indicates VC investment in „clean‟ energy technologies 
Q3:2006 to Q3:2007. 
 

 

Figure 13 (a-d) Energy performance – Innovation – Cleantech VC 

Investment
39

. 
(Sources: Energy performance data, IEA; Innovation measure, Hollanders and Arundel 2006, UNU-
Merit; Cleantech VC, the Cleantech Network TM except, *estimates of clean energy VC for Japan 
and India are authors own.40) 

 

In the following pages we present a range of activities involving use of 
existing and new technologies and business models to reduce 
emissions, promote innovation and encourage investment in Europe, 
which lags behind N. America in both these important dimensions. 
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A) Reduce Emissions 

Energy Efficiency: The importance of benchmarking, 

performance standards, site-specific knowledge, and knowledge 

transfer. 

The development of systems to measure (metrics) is critical to achieving 
to manage and improve energy performance. Through benchmarking 
„best practice‟ and defining increased performance standards companies 

can significantly reduce costs and greenhouse gas emissions. As the 
following example highlights, targeted action to improve energy 
efficiency can bring about multiple benefits including knowledge. 

Benchmarking by Shell Canada Ltd, for example, indicated room for 
improvement in energy performance at its Montreal refinery. As a result, 
top-level management instigated a cost-effective solution to improve its 
Salomon Energy Intensity Index, EIITM, the refining industry standard 
adopted by the American Petroleum Institute. Staff at the site could not 
afford to divert attention away from their pressing day-to-day obligations 
– production issues such as maintaining product quality and raising 
productivity within existing systems. So a team from Shell Global 
Solutions completed a Carbon and Energy Management Programme. 
Their objective was to identify how energy saving could be made 
through improvements that required little or no capital expenditure, and 
to put in place tools to measure and manage savings over the longer 
term. 

Depending on the projects implemented, possible savings of $6million 
per annum were identified. A first implementation project will deliver 
energy savings of $750,000 a year, reducing emissions of carbon 
dioxide by 36,000 tonnes. The process also provided additional benefits, 
of knowledge creation and transfer. A dedicated energy-performance 
team at the site now works permanently to identify and implement 
energy performance improvements. 

Energy Efficiency: Recycle energy and stop wasting heat 

A recent study of the potential for energy recycling using combined heat 
and power technologies in the US indicates potential energy savings of 
7% and carbon dioxide emission reductions of 8% .41 Similar 
improvements are realisable within Europe. 

Believe it or not, but decentralised heat and power systems located at 
industrial and municipal facilities were the foundation of the early electric 
power industry in the US and Europe. In the early years of the twentieth 
century, small electricity generating plants serving local customers also 
sold heat (as steam) to local customers. Before generating plants got too 
big (and too distant from heat demand) they were able to recycle much 
of the total heat value of the fuel consumed42. So despite not being very 
efficient in generating electricity the first plants were able to generate 
profits by selling the heat. 
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The decline in the dominance of combined heat and power solutions 
came as technological advances enabled the power industry to build 
ever larger centralised power stations to take advantage of increased 
economies of scale and efficiency gains.43 As the generation facilities got 
too big to be located in city centres and as steam generators became 
more efficient recycling declined in importance. The recycling of rejected 
heat was no longer an economic necessity. At the same time „unsuitable 

industries‟, households and commercial buildings‟ demand for heat was 

met by burning extra, high-grade fuel inefficiently to produce low grade 
heat. Combined heat and power (or heat recycling) has become a niche 
market. 

By the 1970s mature, regulated electric utility industries controlled the 
electricity market in most developed economies. In the US and EU, 
utilities discouraged CHP by imposing high back-up and standby rates 
and by refusing to purchase excess power from on-site generators. In 
addition, a range of regulatory barriers (in the US at state and federal 
levels) further discouraged broader CHP adoption. Attempts to 
incentivise adoption and diffusion have had mixed and often perverse 
effects. Despite being a „mature‟ technology market adoption remains 

unimpressive. 

Barriers to the increased adoption of decentralised combined heat and 
power are both institutional and market-based, but also involve 
perceptions of risk. A fundamental problem blocking reform is that 
policy-makers, regulators and the public assume that central generation 
is optimal. Hence people do not question the many failings of the central 
system. Several unquestioned and incorrect assumptions underlie this 
fallacy. 

Factors favouring greater market penetration can be grouped into 
knowledge and technology, finance, institutional, systems, and 
environmental categories.44 

Technology improvements: The majority of CHP projects are for systems 
above 20MW. The equipment and development costs for small projects 
are considered to be too great and the risks are perceived as being too 
high. New technologies such as micro-CHP are now entering the 
market. 

Growing knowledge capital: Streamlined Project Implementation has 
improved through standardisation of technologies, contracts, lower 
interconnection and installation costs as a result of a more stable but 
competitive environment for CHP. 

Third party financing and/or ownership: The desirability of energy 
investments may be evaluated using simple payback estimates over two 
or three years. Third party involvement can eliminate the need for 
energy users to find the initial investment. In 2000 roughly 57% of 
existing industrial CHP capacity had some third party involvement. Third 
party financers are often experts in the field and have a better 
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understanding of the technology, different risk aversion profiles and 
often base project decisions on more flexible criteria. 

Increasing financial incentives: Government CHP initiatives to provide 
incentives, such as tax credits, feed-in tariffs, energy efficiency 
certificates, either exist or are being discussed to promote the efficiency 
and emissions benefits of CHP. 

Additional service values creation: Decentralised CHP offers more than 
just heat and electricity, but also additional services such as power 
quality, reliability, flexibility, security and independence. Values typically 
not monetized. To do so would reveal the additional benefits to both the 
utility and end-user. 

Energy service contracts and companies: CHP complements the 
development of energy service provision companies and contracts. A 
positive feedback process is developing as ESCOs increase their 
marketing efforts and see their market penetration grow and government 
programs are implemented. The knock-on effect is to increase customer 
acceptance and confidence in the technology, reducing the perceived 
high risks of this new technology. 

Electrical industry restructuring: Progress in restructuring the electricity 
industries is proceeding at different rates in the US and the EU. The 
objective must be to remove unfair disadvantages experienced by on-
site cogeneration. 

Promote renewable energy: Distributed generation, intelligent 

transmission, zero-carbon. 

The necessary renewal of Europe‟s electricity network offers significant 

potential to promote the deployment of renewable energy supplies 
(RES). Much of the Europe‟s electricity networks presents a nominal 
design life of about 40 years and is reaching the onset of significant 
unreliability in its life cycle. Meanwhile, the amount of load has doubled 
since the 1960s; peak demand and its timing have also changed and will 
continue to do so in ever less predictable ways with the introduction of 
renewable energy supply inputs. As very significant investments will be 
required to renew this infrastructure, it is likely that the most efficient way 
forward will be to incorporate new technologies and solutions with 
positive spin-offs when planning and executing asset renewal. 

The goal is to realise a robust and inter-operable European grid 
architecture that will differ from the present in several aspects such as 
greater large scale cross-border energy trading, the presence of variable 
large-scale wind power sources, cross-border grid ancillary services 
(e.g. trading of reserve power) and the interaction of more dispersed 
renewables generation (e.g. geothermal energy in Iceland, hydropower 
in Russia and Africa, solar power in Africa, deep off shore wind energy) 
and demand side management. 
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The joint challenge posed by carbon constraints and the need for 
renewal of Europe‟s electricity grid presents a landmark opportunity to 

promote three domains of activity:  

 Promoting renewable energy supplies, generated and used locally 
and avoiding distribution losses 

 Transition to a zero carbon energy carrier, and development 
hydrogen as common liquid fuel45 

 Development of a SmartGrid46 to efficiently manage electricity 
flows. 

The task is to transform the current electricity grids into an interactive 
(customers/operators) service network, develop energy storage options 
and remove obstacles to the large-scale deployment and effective 
integration of decentralised and renewable energy sources (RES). This 
will also involve the development of a diversity of zero carbon energy 
sources, technologies and business models within a harmonised and 
regulated conceptual framework. Decentralised energy technologies 
consist of the following forms of heat and power generation close to the 
point of consumption. 

 High efficiency cogeneration (CHP) 
 On-site renewable energy systems 
 Energy recycling systems, including the use of waste gases, waste 

heat and pressure drops to generate electricity and provide heat 
on site. 

One of the major technical factors limiting the wider penetration of 
distributed generation (DG), including renewable energy supplies, in 
today‟s power systems is the lack of harmonization of grid connection 
requirements and the lack of compatibility of fault protection systems 
and metering. Further obstacles arise from the operational engineering 
requirements of the networks where DG is connected.  

Economic factors favour SmartGrids. Electricity market liberalization is 
increasing the activity of different stakeholders in the energy domain. 
Energy supply will become more and more tailored to customer needs 
(quality of service and cost reduction, total connectivity, energy “on 

demand”, a service oriented portfolio and flexible contract management). 
One of the enablers for this development is research for a set of “plug 

and play” interfacing modules for network connection of demand and DG 

using standardization and modularization, leading to lower costs 
throughout the power delivery chain and faster and simpler connections 
for generation and demand users. Through standardization, 
modularisation and programmable functionality an economy of scale will 
be possible, leading to lower costs and more expandable systems. 

Such development of the network has to take place in the context of a 
liberalised market with many independent players. It will require both 
engineering innovation and effective dialogue between the European 
transmission system operators in order to establish a highly inter-
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operable European network architecture that is coherent, viable as a 
business proposition, and consistent with national regulatory and 
commercial frameworks. 

The SmartGrid is a technology that will promote efficiency, renewable 
energy supply and zero carbon energy carriers. Why? 

1. There are many renewable energy technologies that are 
commercially viable or not far off being so. Smartgrids will assist in 
making them more attractive thereby encouraging adoption. 

2. By generating and distributing energy locally the smartgrid network 
will increase efficiency of energy delivery. 

3. There are several renewable energy generation technologies 
(wind, solar thermal) that do not have a market penetration equal 
to their level of technological maturity. Creation of a smartgrid will 
encourage adoption of local energy generation. No single 
generation technology will be favoured by the smartgrid, hence 
options values so critical in technology innovation-adoption-
diffusion will be maintained and even encouraged.  

4. Because energy storage at off-peak times is required a suitable 
energy carrier will be necessary. The most promising is hydrogen. 
Creation of a SmartGrid will provide a strong stimulus for the 
development of mature hydrogen transformation, storage and 
distribution technologies and infrastructures. 

B) Promote innovation 

Explore business strategies that maximise eco-innovation 

Our review emphasised the great scope for growth of eco-industries in 
Europe. Section C (Part II), in particular, showed the sudden rise of 
investments by cleantech firms; i.e. firms in which clean technologies 
constitute their core competence and main source of revenue. In this 
respect, the logic of venture capital investments in cleantech is that such 
firms will obtain competitive advantages and increase their revenues by 
selling eco-oriented technologies, products and services. 

Although the market for eco- or cleantech industries will grow 
significantly in the coming years – as we suggested in this review - it is 
important to stress that this is still a relatively small portion of the market 
for eco-innovation. Since any business generates environmental impacts 
via its operations, products or services, eco-innovations can be explored 
by all - even though the benefits will certainly vary from firm to firm. In 
other words, eco-innovation is not restricted to firms having cleantech as 
their core business but can rather be explored by any business in any 
sector. 

According to our research at INSEAD, we identified four broad corporate 
environmental strategies that business can deploy to maximise eco-
innovations47. As the horizontal axis of Figure 14 shows, companies can 
focus either on their internal processes (Strategies 1 and 2) or on the 
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market for eco-oriented products and services (Strategies 3 and 4). A 
main difference between the strategies is the source of competitive 
advantage. For the vast majority of business, there is a clear need to 
decide whether the company has the necessary competencies to be the 
cost leader in its industry (Strategies 1 and 4) or whether it is able to 
bare higher costs for differentiation (Strategies 2 and 3). 

Generic Competitive Environmental Strategies
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Figure 14. Generic Corporate Environmental Strategies 

Strategy 1: Eco-efficiency…………………………………………………… 

By reducing the environmental impact of their business activities through 
revised organizational processes, companies can translate their efforts 
directly into lowered costs. New sources of productivity will range from 
savings on materials to increased process output to better utilization of 
waste and by-products. Emission reductions from eco-efficiency can be 
a potential source of income via carbon trading. Although this strategy is 
generally applicable to any business sector, it is most likely to generate 
competitive advantage in industrial organizations where operating costs 
are high and activities generate waste and/or by-products. Moreover, it 
is particularly appropriate when the end consumer is not interested on 
company‟s environmental protection initiatives. 

Strategy 2: Beyond compliance leadership……………………………… 

For some companies, eco-efficiency is not sufficient. They need to earn 
recognition for their efforts from customers and other stakeholders. 
Acquiring certification for environment-friendly practices, for instance, 
will enable them to enhance their public image. This can also have a 
positive effect on consumer buying behaviour. But practices that go 
above and beyond what is required by law may be expensive, so 
companies should try to mitigate such costs by improving the overall 
reputation. In this respect, the company must strive to be the leader in its 
sector. What once was a differentiation in the eyes of environmentally 
aware consumers (like ISO 14001 certification) might soon become the 
licence to operate.  
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Strategy 3: Eco-branding……………………………………………………. 

Eco-oriented products constitute a market category that is being 
increasingly explored by businesses worldwide. Companies can 
distinguish from competitors by offering unique products whose value 
goes beyond merely competitive prices. Firms can communicate the 
firm‟s environmentally responsible product image by using eco-labelled 
products and services. Still, environmental differentiation is not an option 
for everyone. The implementation of this strategy depends on three 
prerequisites: i) Consumers must be willing to pay for the increased cost 
of ecological differentiation; ii) The organization must provide reliable 
information about the performance of products; iii) The differentiation 
must be difficult for competitors to imitate. 

Strategy 4: Environmental cost leadership……………………………… 

The problem for many companies is that consumers are not easily 
motivated to pay more for ecological differentiation. In markets ruled by 
fierce price competition the combination of small profit margins and 
saturated markets exacerbates rivalry and puts manufacturers under 
intense pressure to reduce costs. Additional pressure is provided by 
consumer expectations and increasingly rigid environmental regulations. 
In such cases, the only choice companies have is to do their best to 
reduce both product costs and associated environmental impacts. 
Attaining such a level of innovation is certainly not easy. But companies 
that are able to implement environmental-cost strategies are close to 
developing Sustainable Value Innovation. 

Sustainable Value Innovation: go beyond competition 

The four generic strategies described above presuppose a clear 
distinction between low costs and more expensive differentiations. Such 
typology applies for the vast majority of business operating in 
competitive contexts. But for a small percentage of innovative 
companies, there is a fifth potential strategy, which is based on the 
concept of value innovation, proposed by INSEAD Professors W. Chan 
Kim and Renee Mauborgne48. According to their research, innovative 
companies can offer a choice so unique to customers that it would allow 
them to bypass competition altogether. In order to offer uniqueness to 
consumers, however, companies need to choose between clear trade-
offs. They will need to eliminate, reduce and raise “the factors the 

industry competes on in products, services and delivery, and what 
customers receive from competitive offerings on the market”49. They will 
also need to create new factors that will allow the company to offer 
differentiated products and services at low prices – what they termed 
value innovation. In other words, some business can bypass the trade-
off between costs and differentiation by offering products and services 
so innovative that new markets spaces are created. Hence the metaphor 
of a blue ocean, in which innovative firms can swim alone. 
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Our study suggests that environmental prerogatives are central for the 
creation of value innovation. Eco-innovation will increasingly dictate the 
strategic positioning of companies.  In order to compete in a carbon-
constrained world, eco-innovation will be crucial for companies to create 
value for consumers while reducing their environmental footprint. We 
termed the process of creating additional value for customers whilst 
reducing both costs and environmental impact as Sustainable Value 

innovation. 

Discover, develop, demonstrate and deploy technologies 

The cumulative effects of sustainable value innovation can be viewed as 
occurring in stages, where the stages range from invention to full 
commercial maturity, put simply from discovery and development, to 
demonstration and deployment. The identification of stages is especially 
useful for the identification of key gaps where systems failures occur in 
moving technology along innovation chains, preventing them from 
realising their full commercial viability and potential market penetration. 
Research by an interdisciplinary team at Imperial College, London led by 
Tim Foxon and Peter Pearson50, has identified four key elements that 
influence the performance of an economy‟s innovation system are: 

1. The supply of ideas or technology pushes from the R&D base; 
2. Incentives to innovate from demand pull for useful products and 

services; 
3. Networks by which knowledge is exchanged; 
4. Framework conditions that innovating firms operate within, 

including macro-economic stability, competition policies, 
sophisticated financial markets, investors willing to take risks and 
talent. 

Common systemic failures that give reason for intervention include: 
failures in infrastructure provision and investment; transition failures in 
promoting a technology‟s progress from phase to phase; related lock-in 
phases as sub-optimal technology systems and techno-economic 
paradigms dominate; and institutional failures to provide appropriate 
incentives, networks and capacities for innovation. 

For example, in the UK onshore wind is achieving market penetration 
through its supported commercial phase that matches its technological 
maturity. In contrast technologies such as biomass co-firing and 
combined heat and power can be identified as „under performing‟, 

having not realised their suggested market potential (Figure 15). 
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Figure 15: The commercial maturity of new and renewable energy 

technologies relative to UK market penetration, showing the positions of 

individual technologies and associated S curve of technological 

development and policy instruments. (Source: Foxon et al 200551) 

 

The process of taking an invention through to full maturity is uncertain, 
and depends on „expectations‟ about future markets, technology 

potential and policy and regulatory frameworks. This process involves 
multiple interactions and types of learning (by doing, by using, by 
interacting). Innovation and learning are therefore network activities. 

Just as the type(s) of learning process involved in passing from 
innovation to market maturity vary as different technologies are matched 
with market applications, so does the scale of interaction and 
intervention, from the smallest market niche and broader socio-technical 
regimes, through to entire landscapes (regions and nations). 

As the scale of application increases so does the stability of existing 
systems and resistance to change. Technological development exhibits 
sub-optimal „lock-in‟ and path dependence. This is the case for the 

energy generation, transmission and distribution systems, which typically 
involve large capital investments with long payback periods in a sector 
controlled by utility monopolies.  

Where innovations fit in with existing niche-regime-landscapes52, change 
can be incremental and provide significant short-term „win-win‟ benefits if 

correctly incentivised. We suggest this is the case when seeking 
efficiency improvements for example through the increased adoption of 
combined heat and power technologies and growth in the market for 
energy service companies. 

Alternatively innovation may be disruptive and require policies to 
promote radical change at the systems level for successful 
implementation. The proposed distributed renewable energy provisioned 
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„Hydrogen Economy‟ controlled by the SmartGrid provides a good 

example where systems scale technological and institutional change will 
be necessary. Clearly this represents a longer-term strategy towards 
improved energy performance. 

Create a stable and consistent policy framework 

Sustainable value innovation is facilitated by stable and consistent policy 
frameworks, strategies and networks supporting technological and 
institutional innovation. Five functions served by an innovation system 
include: 

 To create and diffuse „new‟ knowledge; 
 To link technology developers with entrepreneurs and businesses; 
 To supply resources, including capital, competencies and other 

resources;  
 To create spin-offs through the exchange of information, 

knowledge and vision; 
 To facilitate the formation of markets. 

Work by Foxon and Pearson looking at renewable energy supplies in the 
UK has provided a set of policies guidelines to support environmental 
innovation. These include: support for R&D; market development 
policies, such as niche market support, and long-range targets and 
obligations; and financial incentives, such as capital subsidies, tax 
credits and hypothecation of revenues. 

Three benefits of such policies may be identified53: creation of options to 
tackle environmental problems (options value); reducing the long-term 
cost of mitigation and increase environmental returns (by reducing 
mitigation costs); and the innovations they induce may bring spin-offs 
and other economic benefits in their own right. 

Effective policy should also have an understanding of innovation as a 
system, and recognise that the technologies considered are diverse and 
face different challenges. It is thus important that policy is „joined up‟ and 

supports innovation through its various stages, targeted if necessary to 
address specific barriers in the innovation cycle. Figure 15 shows 
different types of policy instrument on the graph of market penetration 
against technology maturity. These policy instruments interact, for 
example, niche market support may promote further R&D. 

A successfully performing technology would then be able to progress 
smoothly from the discovery to deployment where it can compete 
without direct support as long as it is priced correctly through 
internalisation of negative costs. Thus, there are several elements to a 
policy, not one „magic bullet‟; the kind of instrument needed varies with 
the phase of a technology‟s development. These policies should take 

into account technological and institutional factors leading to „lock-in‟ of 

existing carbon-based technologies.54 
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The Imperial College group suggest the following set of activities as 
priorities to promote renewable energy technologies:55 

1. Stimulate a sustainable innovation policy regime unifying 
innovation and environmental policy regimes; 

2. Apply systems thinking to promote transitions to sustainable 
patterns of production and consumption; 

3. Advance the procedural and institutional basis for delivery of 
sustainable innovation policy aims by 

4. Develop a mix of policy instruments; 
5. Incorporate policy learning through review, correction and learning 

mechanisms for adaptive improvements. 

 

C) Encourage Investment 

Encourage Further Expansion of Cleantech VC Investment 

Overall Initial Public Offering (IPO) activity in Europe compared to the 
U.S. suggests that it has become easier for venture investors to achieve 
exits (via IPOs) in Europe. London's Alternative Investment Market (AIM) 
has emerged as arguably the leading cleantech bourse for companies in 
the US, China, Europe and other exchanges such as Frankfurt and Oslo 
have also seen successful cleantech IPOs. At the same time, there is 
concern that smaller exchanges sometimes serve as surrogates for 
raising capital rather than for active stock trading. 

The primary aim of venture capitalists is to gain sufficient return on 
investment in order to repay their investors, as well as to keep a 
percentage of the profit as income for themselves. Thus, the success of 
the venture is judged by the way in which the market considers the 
potential for the business to create value in the future. For managers 
dealing with Cleantech VC, this means that what they are funding is 
innovative and subject to particular market and non-market drivers 
(regulation, in particular), and how they are funding it (i.e. how they 
manage their investments and bring the eco-innovation to the market) 
requires a unique approach. 
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Figure 16: Determinants of eco-innovation expansion through venture 

capital, (Source: Adapted from Randjelovick et al. 200356) 

The main drivers for eco-innovations and subsequently Cleantech VC 
expansion, represented in Figure 16, are regulatory and technology 
push, and market or demand side pull. Technology and regulatory push 
can motivate eco-entrepreneurs to start companies with environmentally 
beneficial new products, while market pull is based on the investors‟ 

demand for eco-innovations. 

A good example of market pull is the growing demand for clean water in 
China and India, which create opportunities for European and Israeli 
water technology companies. Closer proximity to booming economies in 
Asia and the Middle East may make those markets more accessible for 
European companies than for their North American competitors. Also, 
campaigns begun by the nanomaterial industry to provide more 
information to the public could reduce consumer concerns and possibly 
foster investment in the advanced materials.57 

As it can be observed in Figure 16, the regulatory push is a relevant 
factor influencing both the development of new technologies and the 
willingness of investors to fund eco-entrepreneurs. The regulatory push 
also influences the eco-entrepreneurs; by direct governmental 
measures, that have a direct impact on the development of eco-
innovations and their commercialisation. Sound policies are especially 
critical for clean technologies that require longer development times and 
incentives to bring utilities and consumers on board. Directives such as 
IPPC58 have the potential to trigger the development of cleaner 
technologies, such as wave and wind energy. But the success of 
Cleantech VC also rests on how well the market perceives the potential 
value-creation of the start-up and/or the eco-innovation of existing 
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businesses. This is especially true of new Cleantech funds, which only 
have a small number of investments and thus cannot easily spread their 
risk as larger VC funds.  

Mandates scheduled to begin before 2010 will create near- and long-
term opportunities in some cleantech segments. For instance, the IPPC 
2007 deadline for industries to comply with the EU's wastewater cleanup 
standards will benefit innovators in the Water Purification and 
Management segment. The Waste from Electrical and Electronics 
Equipment (WEEE) law that limits the use of toxic chemicals in 
consumer electronics will pave the way for more benign materials and 
new products. Energy efficiency standards also give building, appliance 
and automotive suppliers incentives to adopt clean technologies. 59 

Changes in the pension fund laws in Europe consist of a special type of 
regulatory push that can induce investors to fund eco-oriented start-ups. 
For instance, in 2002 Germany issued a law for pension funds to 
disclose information about ecological, ethical and social characteristics 
in their investments60. The UK has a similar law that obliges pension 
funds to declare the extension in which social, environmental or ethical 
considerations are taken into account. This regulatory approach is 
expected to be broadened and made more stringent in the future  
eventually covering all EU countries. Since pension funds are currently 
the main investors in VC funds, such changes have the potential to 
significantly affect the investment market for Cleantech VC. Possibly, 
this is one of the factors explaining the exponential surge of VC 
investments after 2006, which also suggests that the amount of capital 
available to clean energy can grow exponentially in the coming years. 

 

 

Box 3. Carbon Capture and Storage 

 
Carbon capture and storage (CCS) provides a clear example where 
sustained large-scale investment will be required for the technology to 
develop, enabling costs to decline to commercially viable levels. CCS 
involves collecting carbon dioxide gas (CO2) that is produced by fossil 
fuelled power plants or industrial facilities and storing it indefinitely. 
Coal use worldwide is increasing. Carbon capture and storage offers 
the potential to mitigate climate change but also to provide energy 
security from abundant coal reserves. 
  
In March 2007 the European Council called for the development of low 
CO2 power generation from fossil fuels by 2020. 61 However, just 
achieving low – CO2 is not a sustainable value solution if costs 
increase. Today the operating costs of CCS-equipped plants are 25-
75% greater than non-CCS coal-fired plants. Emissions trading offers 
one potential to offset additional costs, but significant investments 
must be made to first develop the technology through R&D, then to 
demonstrate large-scale low cost CCS, and subsequently to promote 
rapid deployment to emerging economies, highly dependent on coal, 
such as China. 
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The European Strategic Energy Technology Plan62 (SET-Plan) 
provides a framework for these efforts. The European Union already 
possesses a lead in this technology domain. Initial efforts to promote 
CCS have focused on the low-hanging fruit, and involve changes to 
legal and technical obstacles. Subsequent activities will involve large 
scale demonstration. This will require the activation of several 
networks and platforms. 
 
Within Europe the SET-Plan provides a strategic overview and the 
Zero Emission Fossil Fuel Power Plants (ETP-ZEP)63 initiative is 
providing a platform for collaboration between researchers, industry 
and government to coordinate R&D spending. Twelve demonstration 
projects are planned. This will require significant investment from 
governments and industry, in particular those seeking to benefit from 
technological and operational advances. The Commission states that 
“it is crucial that industry make clear and early material commitments”, 
otherwise “complementary public funding may not be triggered.” The 
EU does not have these funds, and expect Member States with a large 
coal dependency to contribute. Defining just how and who will 
contribute what will require focussed coordination. The EU Sustainable 
Fossil Fuels Network, and FP7 initiative is an attempt to coordinate 
aspects of this process through the SET-Plan. The next step will be to 
achieve clean coal technology transfer from Europe to the rest of the 
world. 
 

 

Strengthen the relationship between innovators public and 

private investment 

Researchers in Europe face several problems in taking innovations to 
the market. Difficulties arise for both cultural and institutional reasons 
that differentiate the European innovation and investment context from 
that of N. America. In Europe science is still considered very much as a 
public rather than a private good and the entrepreneurial culture is less 
developed. Research funding is often focussed on short-term objectives. 

Much can be done to resolve these issues through increased public–

private partnerships. Such relationships can provide the necessary 
interdisciplinary framework suitable for knowledge transfer between 
researchers, practitioners and entrepreneurs. It can also assist in 
promoting long-term research that is „blue-sky‟ in nature yet from which 

pragmatic solutions to market problems can be rapidly deployed. The 
can be achieved by development of a permeable boundary between 

research and industry, through for example industrial research 
fellowships, and academic contract flexibilities permitting researchers to 
work for companies for part of the year.  

Governments can assist the creation of the innovation-investment 
culture by reducing tensions between the public and private, the 
research and industry frameworks. The interdisciplinary nature of today‟s 

challenges and solutions must be recognised. An organisation is needed 
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to take forward a refinement of licensing activities for solutions that are 
based on interdisciplinary solutions, often processes and algorithms, 
rather than objects. Training is also a problem. University and business 
collaborations can offer a solution. However several issues need to be 
resolved, including the reward model in academia, where a „publish or 

perish‟ culture of incentivisation prevails, limiting the take up of industry 

funded projects. Also „quality of life‟ issues tend to pull talent towards the 

serendipity of academic life, and to push talent away from the perceived 
financial risks of entrepreneurial activity.  

Clusters of innovation have long been proposed as a means of 
developing just such collaborative networks of interaction between 
industry and academia. Arguably, the most successful are in the US. 
These have grown organically around academic centres of excellence, 
to commercialise the latest scientific advances. Their success lies in 
generating a talent pull by providing the possibility for strong mobility 
within the clusters, interesting jobs for dual career couples, and an 
atmosphere of collaborative competition. This last characteristic has 
been typical of activities within the Cambridge network UK, where the 
common interest between competitors is in supporting the academic 
institution at the network‟s hub. The cluster effect is also psychological. 

In such circumstances researchers can feel comfortable that they can 
find work in the same context in the same region if they lose their current 
employment. In other words they can settle. This options component of 
clusters causes risk aversion to decline. 

Clusters take time to evolve, therefore they need long-term support. 
Public – private partnerships can help. But they cannot substitute for 
government initiative and commitment. Unfortunately the creation of 
clusters is a highly political process, one where governments may 
confuse the focus of technological cluster development with job 
protection in dying industries. Choosing the right location is the first task 
to get right. 
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