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Foreword 

This report addresses the role of innovation in green growth 
strategies, and is a contribution to the OECD Green Growth Strategy. 
The OECD Council Meeting at Ministerial Level (MCM) adopted a 
Declaration on Green Growth on 25 June 2009, which invited the OECD 
to develop a Green Growth Strategy. Green growth means fostering 
economic growth and development while ensuring that natural assets 
continue to provide the resources and environmental services on which 
our well-being relies. The OECD Green Growth Strategy was released at 
the May 2011 OECD Council Meeting at Ministerial Level (MCM), 
where it was welcomed by Ministers. 

Innovation will be an important driver of the transition towards green 
growth. Without innovation, it will be very difficult and very costly to 
achieve a transformation to a greener economy. By pushing the frontier 
outward, innovation can help to decouple growth from natural capital 
depletion. Innovation and the related process of creative destruction will 
also lead to new ideas, new entrepreneurs and new business models, thus 
contributing to the establishment of new markets and eventually to the 
creation of new jobs. Innovation is therefore the key in enabling green 
and growth to go hand-in-hand. 

The report draws on work on green innovation across several parts of 
the OECD, notably from the Directorate for Science, Technology and 
Industry and the Environment Directorate, and incorporates contributions 
of a large number of OECD staff. Drafts of the report were reviewed by 
the OECD Committee for Industry, Innovation and Entrepreneurship, the 
Committee for Scientific and Technological Policy, the Committee for 
Information, Computer and Communications Policy, and the Committee 
for Consumer Policy. The report also incorporates comments on the 
Ministerial report of the Green Growth Strategy, to the extent that these 
were relevant to the analysis of green innovation. 
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Executive summary 

Green growth means fostering economic growth and development 
while ensuring that natural assets continue to provide the resources and 
environmental services on which our well-being relies. Increasing 
concern about the future sustainability of economic growth patterns 
underpin the demand for a greener model of growth. Existing production 
technology and consumer behaviour can only be expected to produce 
positive outcomes up to a point; a frontier, beyond which depleting 
natural capital has negative consequences for overall growth. By pushing 
the frontier outward, innovation can help to decouple growth from 
natural capital depletion. Innovation and the related process of creative 
destruction will also lead to new ideas, new entrepreneurs and new 
business models, thus contributing to the establishment of new markets 
and eventually to the creation of new jobs. Innovation is therefore the 
key in enabling green and growth to go hand in hand. 

Business is the driver of innovation, including green innovation. 
However, government action is essential to shape the environment for 
green innovation. Several well-known market failures provide the 
rationale for policy actions to foster green innovation. The first are the 
negative externalities associated with environmental challenges. If firms 
and households do not have to pay for the environmental damage they 
inflict, there will be little incentive to invest in green innovation. Second, 
there are important market failures specific to the market for innovation, 
notably the difficulty for firms to fully appropriate the returns from their 
investments, which typically results in under-investment in innovation. 
Third, the market for green innovation is affected by specific barriers, 
notably the prevalence of dominant designs, technologies and systems in 
energy and transport markets. This can create entry barriers for new 
technologies and competitors due to, for example, the high fixed costs of 
developing new infrastructures. 

Unleashing green innovation will therefore require government 
policy action, based on a sound overall framework for policies for 
innovation, as set out in OECD’s 2010 Innovation Strategy. A number of 
policy areas are particularly important as part of a broad strategy for 
green growth. 
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First, boosting green innovation requires clear and stable market 
signals, e.g. carbon pricing or other market instruments addressing the 
externalities associated with environmental challenges. Such signals will 
enhance the incentives for firms and households to adopt and develop 
green innovations. They will enhance efficiency in allocating resources 
by establishing markets for green innovation, and will lower the costs of 
addressing environmental challenges. Pricing mechanisms tend to 
minimise the costs of achieving a given objective as they provide 
incentives for further efficiency gains and innovation. Such signals are 
also important as they indicate the commitment of governments to move 
towards greener growth. 

However, better pricing will not be enough to deliver the necessary 
green innovation. Recent experience suggests that carbon pricing 
contributes primarily to incremental innovation, which tends to increase 
efficiency but may result in growing consumption, as has been the case 
in personal transport. Additional policies will therefore be needed to 
strengthen green innovation. 

One important policy action is public investment in basic and long-
term research. Such research has a public good character and is therefore 
unlikely to be undertaken by the private sector. It helps address 
fundamental scientific challenges and fosters technologies that are 
considered too risky, uncertain or long-gestating for the private sector. 
Public research will need to cover many areas, including both mitigation 
and adaptation to climate change, and should increasingly be based on 
multi-disciplinary and interdisciplinary approaches. It should also be 
neutral with respect to specific technologies, as innovations may emerge 
from a wide range of fields. Public investments in research will need to 
be well designed to complement private investments in research and 
should aim for scientific excellence and areas in which social returns and 
spill-over effects are potentially the greatest. Exploratory research 
focused on potentially radical innovations – characterised by high risk 
and uncertainty – should be included in the funding mix. Given the 
significant potential for research to reduce the costs of meeting 
environmental goals, greater public investment in research at the global 
level is needed. However, governments can also provide greater 
direction to the existing research effort, e.g. in prioritising thematic and 
mission-oriented research programmes aimed at addressing these 
challenges, though without necessarily specifying the nature of the 
research required. Moreover, governments can take action to improve the 
process of translating research into innovation, e.g. in strengthening the 
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links between science and business. To enable research efforts to 
materialise the policy commitment to such research should be stable over 
a long period. 

A greater research effort focused on fostering green innovation will 
also benefit from enhanced international co-operation. This will help 
share the costs of public investment and can also help improve access to 
knowledge and foster the transfer of technology across countries. One 
important element is enhancing the research effort aimed at the local 
needs of developing countries, as these often do not yet have the 
capabilities to adopt green technologies and adjust these to their own 
national needs. Moreover, these countries are likely to face the largest 
environmental challenges. Enhancing research aimed at these countries 
could, for example, involve a closer alignment of activities and financial 
flows emanating from Official Development Assistance (ODA) with 
those related to scientific and technological co-operation. Strengthening 
the absorptive capacities of developing countries should also be an 
important policy goal in a broad-ranging green growth strategy. 

A third set of important policy actions to drive green innovation are 
interventions to overcome specific market failures associated with green 
innovation, notably those linked to the dominance of existing 
technologies, systems and incumbent firms. Key policies in this area 
include: 

Support for private investment in innovation, notably R&D, and for 
the commercialisation of green innovations. Such support may be 
required as green innovation faces additional barriers in some 
markets, e.g. barriers to entry in the electricity sector. Provision of 
targeted support can be risky because of the lack of information on 
the maturity of specific technologies, and their likely future 
commercial potential. The design of schemes to provide direct 
support is therefore of great importance. Good policy designs need to 
ensure competitive selection processes, focus on performance rather 
than specific technologies, avoid favouring incumbents or providing 
opportunities for lobbying, ensure a rigorous evaluation of policy 
impact, and contain costs. Proven ways to guard against these 
problems include multi-year appropriations, independence of the 
agencies making funding decisions, use of peer review and other 
competitive procedures with clear criteria for project selection, and 
payments based on progress and outcomes rather than cost recovery 
or choice of technologies. Support for commercialisation should also 
be temporary and accompanied by clear sunset clauses and transparent 
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phase-out schedules. It also requires a good understanding of the state 
of development of alternative technologies and the market structure 
in which they are being developed; support should not be provided 
before technologies reach a sufficiently mature state of development. 
Government support policies also need to be aligned with existing 
international commitments, notably under the WTO, and with 
competition policy. 
Support for general-purpose technologies. Because targeted support 
tends to be focused on specific innovations, the problematic prospect 
arises of governments attempting to pick winners. One possible 
approach to providing support that is technology neutral is supporting 
general infrastructure or basic conditions for a wide range of 
alternative technologies, e.g. storage technologies that are needed for 
a wide range of technologies, or general-purpose technologies such 
as ICT that have a wide range of applications. Information and 
communication are pivotal for a system-wide mitigation of environ-
mental impacts and adaptation to inevitable changes in the environ-
ment. ICTs offer great scope for efficiency improvements throughout 
the economy, including in the context of smart grids, and also provide 
scope for further green innovation. Biotechnology, in particular 
industrial biotechnology, also plays an important role in delivering 
eco-efficiency. Nanotechnologies likewise offer a wide range of 
environmental benefits, under the proviso that potential safety issues 
are addressed. 
Fostering the growth of new entrepreneurial firms. New entre-
preneurial firms play an important role in delivering more radical 
green innovations that challenge existing firms and business models. 
Policy needs to create the room for such new firms by enabling their 
entry, exit and growth, ensuring fair competition and improving 
access to finance, which remains a major constraint for the entry and 
growth of young firms.  
Facilitating the transition to green growth in small and medium-
sized enterprises (SMEs). SMEs face additional problems in adopting 
green innovations, as they often have weak innovation capabilities. 
Policy can help to improve access to finance, enable small and 
medium-sized enterprises to participate in knowledge networks, 
strengthen the skills that can lead to innovation, and reduce the 
regulatory burden on firms. Opening (green) public procurement to 
SMEs may also help in strengthening green innovation in such firms. 
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Policies to foster green innovation should not only focus on the 
creation and supply of new technologies and innovations, but also on the 
diffusion and take-up of green innovations in the market place. Such 
policies make up the fourth area of action, and include policies to: 

Foster diffusion. To foster the wide diffusion of green innovation 
within and across countries, new approaches to the diffusion of 
knowledge and technologies need to be explored. Such approaches 
need to be based on well-functioning systems of intellectual property 
rights (IPR) protection and enforcement that provide incentives for 
investment in innovation and establish the framework for IPR 
protection and diffusion. To accelerate the diffusion of innovation, 
new mechanisms that enhance technology transfer to developing 
countries are currently being developed e.g. voluntary patent pools 
and other collaborative mechanisms for leveraging IP. Some good 
practice already exists but significant scale-up is required. 
Strengthen markets for green innovation. In addition to the need for 
carbon pricing or other ways of dealing with environmental 
externalities, demand-side innovation policies are an important part 
of the policy mix to foster green innovation as these can help 
strengthen green innovation in specific markets. Standards, well-
designed regulations and innovative procurement, for example, can 
encourage green innovation in areas where market signals are not 
fully effective, e.g. housing markets. Such policies need to be well 
designed to ensure that they support and do not distort market 
formation, and should be well aligned with competition policies and 
international commitments, notably under the WTO. 
Change consumer behaviour. Consumers also have an important role 
to play in fostering and taking up green innovation. Pricing the use of 
environmental resources has proven to be a powerful tool for 
influencing consumer and household decisions. But consumers often 
focus on short-term costs, without fully considering longer-term 
factors. This suggests that efforts to highlight cost implications of 
consumer choices over the product life cycle may be needed to 
influence choices for consumer durables. “Softer” instruments also 
need to be given close attention in influencing consumer and 
household behaviour. This includes consumer policy and consumer 
education, as well as green labelling and certification. 
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Policy also needs to consider the innovation timeframe and the 
respective benefits and risks of specific policies. Some innovations are 
already available commercially and can be deployed rapidly, and some 
win-win options may exist too; these may need no or only limited policy 
action to become effective in improving environmental performance. 
Other technologies are still under development, and may be in a 
demonstration or pre-demonstration phase. Yet others will only emerge 
over a much longer term horizon and will require further research and 
development. The policy efforts will differ over this time frame, ranging 
from basic research to pre-competitive research and demonstration 
efforts, to policies aimed at developing or shaping the market. 

The timing of innovations may precipitate an advantage of one 
technology or innovation over another, however. For example, a 
technology having greater short-term advantages over another tech-
nology may become too dominant and “lock out” other technologies. 
Even if the long-term benefits of the “locked in” technology would result 
in lower overall social benefits, it may succeed at the exclusion of other 
technologies. Another aspect of this situation of lock-in is the impact on 
incentives for further innovation. For example, if policy focuses 
exclusively on the deployment of currently available technologies, this 
will reduce the market for future innovations, which will reduce 
incentives to invest in R&D and efforts to develop such innovations.  

There are no simple answers to this problem. One approach that can 
help inform long-term investment decisions associated with the 
introduction of new technologies and innovations involves the use of 
scenario studies, technology foresight and roadmapping. This can 
provide insights into the scope for technological progress and innovation 
in different areas and may therefore help in guiding decisions. Fostering 
a diverse range of potential options for action, and delaying some of the 
most lumpy and irreversible investments, may also help in preserving 
options for the deployment of new technologies and innovations as they 
emerge.  



1. INNOVATION IN GREEN GROWTH STRATEGIES – 15

FOSTERING INNOVATION FOR GREEN GROWTH – © OECD 2011 

Chapter 1 

Innovation in green growth strategies 

This chapter examines the role of innovation in green growth strategies. 
It first explores why innovation is important for green growth, what 
types of innovation are important and how green innovation could affect 
growth performance. It then examines the rationale for policies to 
strengthen green innovation and the specific barriers that influence the 
rate of green innovation. And finally, it examines the current state of 
green innovation, by examining available indicators on green innovation, 
including indicators on patenting, venture capital and financing, as well 
as available information on non-technological innovation and the develop-
ment of green business models. 



16 – 1. INNOVATION IN GREEN GROWTH STRATEGIES

FOSTERING INNOVATION FOR GREEN GROWTH – © OECD 2011 

Introduction 

The OECD Council Meeting at Ministerial Level (MCM) adopted a 
Declaration on Green Growth on 25 June 2009. The declaration invited 
the OECD to develop a Green Growth Strategy as a horizontal project to 
achieve economic recovery and environmentally and socially sustainable 
economic growth. Green growth means fostering economic growth and 
development while ensuring that natural assets continue to provide the 
resources and environmental services on which our well-being relies 
(OECD, 2011a). To do this it must catalyse investment and innovation 
which will underpin sustained growth and give rise to new economic 
opportunities. A return to “business as usual” would be unwise and 
ultimately unsustainable, involving risks that could impose human costs 
and constraints on economic growth and development. It could result in 
increased water scarcity, resource bottlenecks, air and water pollution, 
climate change and biodiversity loss which would be irreversible; thus 
the need for strategies to achieve greener growth.  

The May 2011 OECD Council Meeting at Ministerial Level (MCM), 
welcomed the OECD Green Growth Strategy, as a way to catalyse 
investment and innovation, underpin sustained growth and give rise to 
new economic opportunities.1 Innovation will be an important driver of 
the transition towards green growth. Without innovation, it will be very 
difficult and very costly to achieve a transformation to a greener 
economy, and to achieve the national targets that many countries have 
established. Moreover, existing production technology and consumer 
behaviour can only be expected to produce positive outcomes up to a 
point; a frontier, beyond which depleting natural capital has negative 
consequences for overall growth. By pushing the frontier outward, 
innovation can help to decouple growth from natural capital depletion. 
Innovation and the related process of creative destruction will also lead 
to new ideas, new entrepreneurs and new business models, thus contri-
buting to the establishment of new markets and eventually to the creation 
of new jobs. Innovation is therefore the key in enabling green and 
growth to go hand in hand. 

The OECD’s recent work on the Innovation Strategy demonstrated 
that strengthening innovation requires a wide-ranging policy response 
(OECD, 2010b). This report applies some of the findings and lessons 
from the OECD Innovation Strategy in examining the role of innovation 
for green growth. It first explores the role that innovation can and should 
play in achieving a greener economy, including in overcoming the gap 
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between “business as usual” and a desirable green growth path. It then 
sets out the current status of innovation aimed at green growth, and 
provides some evidence on areas that appear particularly important or 
promising. The report then explores the key factors and policies driving 
green innovation. It concludes by exploring a number of key policy 
issues for fostering green innovation. 

This paper is intended as a stand-alone background study on green 
innovation that provides further background to the OECD Green Growth 
Strategy. It provides further detail on the factors and policies that drive 
green growth and includes more detailed recommendations that could be 
included in that paper. 

The role of innovation 

Recent OECD analysis suggests that without intensified policy 
action, global greenhouse gas (GHG) emissions are likely to increase by 
70% by 2050. Other environmental and social challenges are equally 
demanding, including improving the quality and availability of water, 
dealing with the use and disposal of toxic products and maintaining or 
increasing biodiversity.

Green growth is not just about tackling environmental challenges, 
however. Green growth aims at combining a cleaner economy with a 
stronger economy. It means fostering economic growth and development 
while ensuring that natural assets continue to provide the resources and 
environmental services on which our well-being relies. In that context, 
several sources of green growth can be distinguished (Box 1.1). 

Box 1.1. Sources of green growth  
Green growth has the potential to address economic and environmental challenges and 

open up new sources of growth through the following channels: 
Productivity. Incentives for greater efficiency in the use of resources and natural 
assets: enhancing productivity, reducing waste and energy consumption and making 
resources available to highest value use.  
Innovation. Opportunities for innovation, spurred by policies and framework 
conditions that allow for new ways of addressing environmental problems.  
New markets. Creation of new markets by stimulating demand for green technologies, 
goods, and services; creating potential for new job opportunities. 

…/… 
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Box 1.1. Sources of green growth (continued)
Confidence. Boosting investor confidence through greater predictability and stability 
around how governments are going to deal with major environmental issues. 
Stability. More balanced macroeconomic conditions, reduced resource price volatility 
and supporting fiscal consolidation through, for instance, reviewing the composition 
and efficiency of public spending and increasing revenues through the pricing of 
pollution. 

It can also reduce risks of negative shocks to growth from: 
Resource bottlenecks which make investment more costly, such as the need for 
capital-intensive infrastructure when water supplies become scarce or their quality 
decreases (e.g. desalinisation equipment). In this regard, the loss of natural capital can 
exceed the gains generated by economic activity, undermining the ability to sustain 
future growth. 
Imbalances in natural systems also raise the risk of more profound, abrupt, highly 
damaging, and potentially irreversible, effects – as has happened to some fish stocks 
and as could happen with damage to biodiversity under unabated climate change. 
Attempts to identify potential thresholds suggest that in some cases – climate change, 
global nitrogen cycles and biodiversity loss – these have already been exceeded. 

Source: OECD (2011a). 

Green growth implies policies that either incrementally reduce 
resource use per unit of value added (relative decoupling) or keep 
resource use and environmental impacts stable or declining while the 
economy is growing overall (absolute decoupling). Over recent decades, 
OECD countries have been able to achieve an absolute decoupling 
between GDP growth and emissions of certain acidifying substances, 
such as SOx and NOx (OECD, 2010a). However, OECD countries were 
only able to achieve a relative decoupling between GDP growth and 
GHG emissions, which have continued to rise (Figure 1.1). Indeed, in 
many areas environmental pressures have continued to rise as economies 
have grown. For OECD countries, the challenge today is increasingly 
about achieving an absolute decoupling of economic growth from 
environmental degradation such as GHG emissions. In many developing 
economies, however, the challenge is to achieve gains in living standards 
without imposing excessive burdens on environmental carrying capacity. 
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Figure 1.1. The green growth challenge – decoupling growth from environmental 
impacts 
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  Source: OECD (2011), Towards Green Growth, OECD Publishing, Paris. 

OECD analysis shows that this challenge cannot be met by “business 
as usual”. Significant innovation – implying both the creation of new 
products, processes and technologies, as well as their diffusion and 
application – will be required to achieve the decoupling of growth from 
environmental pressures and to do this at the least possible cost (OECD, 
2010a). Model-based simulations of the cost of climate mitigation, for 
example, suggest that if R&D is successful in bringing to market two 
carbon-free “backstop” technologies in the electricity and non-electricity 
sectors, then mitigation costs in 2050 would be halved – from about 4% 
of world GDP to under 2% – compared with a “no-backstop” scenario. 

Innovation that can help achieve green growth can occur in different 
degrees (Smith, 2009):  

Incremental innovation. This is innovation which aims at modifying 
and improving existing technologies or processes to raise efficiency 
of resource and energy use, without fundamentally changing the 
underlying core technologies. Surveys of innovation in firms 
demonstrate that this is the dominant form of innovation in enter-
prises. 
Disruptive innovation. This is innovation which changes how things 
are done or specific technological functions are fulfilled, without 
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necessarily changing the underlying technological regime itself. 
Examples mentioned by Smith (2009) include the move from manual 
to electric typewriters and to word processors, or the change from 
incandescent to fluorescent lighting. 
Radical (or systemic) innovation. This type of innovation involves a 
full-scale shift in the technological regime of an economy, and can 
lead to fundamental changes in the economy’s enabling technologies. 
This type of innovation is often complex and is more likely to 
involve non-technological change and diverse actors. Examples 
include the shift to steam power and the related industrial revolution, 
the development of the internal combustion engine, and the more 
recent revolution in information and communications technologies, 
as well as the wide range of systemic, organisational and institutional 
changes that emerged from these innovations. 

Incremental innovation, as the dominant form of innovation in the 
market place, has enabled substantial progress in environmental 
performance over recent decades, but gains are often offset by rising 
consumption, as in the case of personal transport and electronic equip-
ment. It has therefore primarily led to a relative decoupling of growth and 
environmental pressures. The question is therefore whether incremental 
(or disruptive) innovation will be sufficient in the face of the challenges 
the world is facing today. More radical innovation might be needed, which 
could possibly facilitate the absolute decoupling of environmental impacts 
from economic growth (OECD, 2010c). Such innovation may require a 
different and possibly more targeted set of policies than those that aim at 
encouraging a sustained rate of incremental innovation, as discussed 
further below. 

While the general distinction between radical and incremental 
innovation has been commonly made in the literature, radical innovation 
remains a complex concept.2 Radical innovations are commonly charac-
terised using one or more of the following attributes: 

They are based on totally different science or engineering principles. 
They represent a major price-performance improvement over existing 
technologies. 
They create a major disruption in the marketplace, rendering 
established firms’ knowledge, technologies and production techniques 
obsolete. 
They are based on new ways of creating value and delivering services 
to end users compared with existing business models. 
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In general, radical innovations tend to be pioneered by smaller firms, 
or new entrants to a market, and are often characterised as difficult, 
lengthy and risky processes. Their success nearly always depends upon 
incremental improvements, refinements, and modifications; the 
development of complementary technologies; as well as organisational 
change and social learning. Radical innovation is often a process, rather 
than as a discrete event. The ICT and biotechnology sectors are examples 
where radical innovations have emerged through the actions of new 
players that have disrupted incumbents and created new markets. In other 
sectors characterised by large firms, market concentration and oligopolistic 
behaviour, radical innovations may arise not from the actions of new 
players but from successive improvements to innovations by existing 
players or the adoption and application of technologies from other sectors.  

A typical approach to radical innovation in many OECD countries 
involves supporting “high-risk research” and developing “out-of-the-
box, transformational” technologies, often through new programmes, 
funds and even agencies. However, this approach faces some important 
bottlenecks (Slocum & Rubin, 2008). For example, understanding on 
how a public R&D programme could achieve the respective “break-
through” technologies is often limited. Moreover, in key sectors such as 
energy, radical innovation may be limited by high rates of concentration 
– and market dominance  that provide little incentive for radical and 
systemic changes. In the case of the wind turbine industry, for example, 
research has shown that radical innovation has tended to be either 
imported from other industries or developed by public research 
programmes in response to specific design problems. 

The scope for radical innovation also depends on the ability to 
transform entire systems like the energy system, the transport system and 
others. Simply fitting new technologies into existing systems will not 
necessarily lead to a fundamental change in the underlying technologies. 
However, entirely new systems are difficult to develop and introduce and 
will need to demonstrate their performance and reliability before they 
will be widely deployed. In addition, as noted above, systemic changes 
involve more than technology alone and often require significant 
organisational and institutional changes, in particular if they are to 
contribute to growth and job creation (Box 1.2). 
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Box 1.2. Fostering a green revolution – the experience from ICT 
If green innovation is to lead to a substantial acceleration in economic growth and the 

creation of new firms, jobs and industries, green technologies and innovation will need to 
become widespread throughout society. One recent example of this process is the rapid 
diffusion of ICT over the past decades, which is typically regarded as having led to a new 
technological revolution, contributing to productivity and employment growth. The 
example of this technology may prove instructive in better understanding the possible 
impacts of green technologies on the economy, and the conditions under which 
technologies become effective in substantially enhancing economic performance. A few 
elements from the experience with ICT may be particularly relevant for the current debate: 

First, one major factor in the strong growth resulting from ICT was (and remains) the 
rapid decline in the real price of information and communications technologies. The 
US producer price index for electronic computer manufacturing, for example, fell by 
about 14% annually between January 1991 and January 2011. This rapid price decline 
enabled ICT to be applied across the economy, at very low costs, which subsequently 
contributed to improvements in performance across the economy. Green technologies 
have not yet experienced such a massive price decline and their future impact will rely 
in part on the extent to which prices can be brought down. 
Second, the experience with ICT suggests that much of the impacts and job creation 
resulting from new technology are not in the production or manufacturing of the 
technology, but in its application throughout the economy. While some countries 
benefitted from having an ICT-producing sector, most gained from ICT through its 
application throughout the economy, notably in the services sector. If this experience 
provides any guidance for a possible green revolution, it suggests that growth will 
result more from the application and diffusion of green technologies, including the 
associated services, than from the production of the technology, which tends to be 
highly concentrated. 
Third, the impacts of ICT were heavily dependent on complementary changes in work 
practices, skills and organisations, which in turn rely heavily on the flexibility of 
labour and product markets. If this provides any guidance to the current context, it 
suggests that green innovation is more likely to have positive impacts in economies 
that have well-functioning product and labour markets. 
Fourth, the experience with ICT also suggests that the ultimate applications and uses of 
technologies are virtually impossible to predict, as are the areas of growth and decline. 
Only some of the firms that started the ICT revolution are still successful firms today, 
and many new firms, applications and business models have emerged over the past 
decades, many in areas that were not predicted only a few years ago.  

Sources: OECD (2003, 2004).

An important question in this context is how a strong policy focus on 
green innovation will affect the overall economy-wide rate of 
technological progress. If a policy focus on green growth would lead to 
innovations with a lower return than current policies, the overall rate of 
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technological progress might be reduced and growth might be negatively 
affected. If green innovations would have a high (private) rate of return, 
firms would certainly make the necessary investment. Since firms do not 
(yet) always makes these investments, it is important to consider why 
this is the case.  

First and as already discussed above, if environmental impacts are 
not priced, firms will not be able to benefit significantly from any 
advances they make in reducing such impacts. Pricing carbon or other 
economic instruments that address environmental externalities will 
therefore make investment in green much more attractive for private 
investors (OECD, 2010d). Increasing policy certainty is also important, 
as investments in green innovation are often made for the long term. 
More predictability and stability about how governments are going to 
deal with major environmental issues will boost the confidence of 
investors in green innovation and shift consumers towards more 
environmentally-friendly behaviour, thereby favouring the creation of 
new “green markets”. Finally, measurement is important, as a green 
growth strategy recognises the value of natural capital in production. 

Second, the potential spillovers arising from green innovation could 
well be larger than for other forms of innovation, precisely because the 
market is still underdeveloped and the potential for future innovation and 
growth may well be very large. Overcoming the barriers to green 
innovation, including the dominance of existing technologies and 
systems, could possibly lead to a new wave of innovations comparable to 
those of other major technological revolutions. 

Unfortunately, this question may only be fully answered over time as 
green innovation expands and starts having clearer impacts on economy 
and society. Measuring and monitoring its impacts will therefore be key, 
and will require suitable and reliable indicators, as explored in the 
indicators of green growth that accompany the OECD Green Growth 
Strategy (OECD, 2011b). 

Innovation affecting green growth may include all the types of 
innovation discussed above, throughout every economic sector and 
application. While some new innovations and applications that can drive 
green growth are already materialising, innovation is by its nature 
unpredictable and important and sometimes radical innovations may 
emerge that are not yet foreseen. What is clear also is that green 
innovation will involve more than just technological changes and 
applications. Some of the most important changes needed for green 
growth may well be societal and organisational, and will affect how we 



24 – 1. INNOVATION IN GREEN GROWTH STRATEGIES

FOSTERING INNOVATION FOR GREEN GROWTH – © OECD 2011 

live, work and move around. For example, changes to transport and 
housing will often also involve major organisational and institutional 
changes. Such changes often involve their own barriers and constraints, 
which may sometimes need to be addressed by policy. 

The rationale for innovation policies in a green growth strategy 

If innovation is regarded as an important driver of green growth, the 
question is whether this can be simply left to the market or whether 
policies are needed to support (green) innovation and also what such 
policies should look like. The rationale for policies for innovation lies in 
several market failures (Newell, 2009; 2010: UK Committee on Climate 
Change, 2010; OECD, 2010b). First, there are the negative externalities 
of climate change and other environmental challenges. If firms and 
households do not have to pay for the climate damage imposed by GHG 
emissions, for example, then GHG emissions will be too high. If 
customers do not have to pay for the water they use, they are unlikely to 
use it efficiently. 

This has implications for innovation – both the creation and diffusion 
of technologies, products and processes – because, if there is no demand 
for environmental solutions, then the demand for green innovation will 
also be below the social optimum. In turn, there will be insufficient 
incentives for companies to invest in innovation, because there will be 
little market demand for any products or processes that might come of it. 

This particular market failure implies that policies will be needed to 
correct this negative environmental externality, e.g. through carbon 
taxes, tradable permits or other market instruments. Carbon pricing or 
other market instruments that put a price on environmental externalities 
will therefore be crucial to green innovation (OECD, 2010d). Such 
policies will also contribute to the credibility and viability of a policy 
regime, which is often key to encouraging investors to take the necessary 
risks to bring about “green” innovation. 

Apart from the externalities associated with the environment, there 
are also important market failures specific to the market for innovations. 
The idea that market failure leads to under-investment in research has 
been the principal rationale for public funding of R&D for half a century 
(Stoneman, 1987; Metcalfe, 1995). Arrow (1962) highlighted three 
fundamental causes of this failure: indivisibilities, uncertainty and 
externalities: i) R&D activity often incurs high fixed costs and economies 
of scale, while learning-by-doing gives rise to dynamic economies of 
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scale; ii) investment in R&D is inherently risky and information 
asymmetries abound in markets for knowledge and technology, where 
they exist; and iii) because knowledge has properties of a public good as 
performers of R&D can only imperfectly appropriate the results of their 
effort and the use of knowledge does not preclude its simultaneous use 
by others. The lack of appropriability is reflected in positive externalities 
(as shown in a range of empirical studies), with social returns exceeding 
private returns. Under these circumstances, under-investment in the 
production of new knowledge will occur. Traditional responses to market 
failure due to non-appropriability of the results of R&D include policies 
aimed at strengthening intellectual property rights (notably the patent 
system); R&D subsidies to private producers of knowledge, and policies 
that can help capture externalities through (horizontal) R&D co-operation 
(Geroski, 1995).  

Some market failures and barriers to innovation may be unique to, or 
more prevalent in, the market for green innovation (UK Committee on 
Climate Change, 2010), such as: 

Dominant designs in energy and transport markets can create entry 
barriers for new technologies due to, for example, the high fixed 
costs of developing new infrastructures. 
Uncertainty about the prospects for success and the long timescales 
for infrastructure replacement and development, which may be a 
particularly important barrier in the energy sector, where the high 
capital costs of investment tend to make investors risk averse 
towards new technologies. 
Differentiation of products in some areas is difficult or impossible, 
making it difficult for new entrants to get a return from innovation on 
their investment. This is an issue for the energy sector where 
customers value electricity but may not possess the information with 
which to discriminate between electricity generated from a wind or 
gas turbine. 
Other barriers to innovation may emerge from systemic failures 

(OECD, 1998) that hinder the flow of knowledge and technology, and 
reduce the overall efficiency of the system-wide R&D and innovation 
effort (OECD, 1999). For example, Arnold (2004) identified the 
following four types of failure: 
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Capability failures. Innovation capabilities may be lacking, for 
example, through managerial deficits, lack of technological 
understanding, learning ability or absorptive capacity to make use of 
externally generated technology. 
Failures in institutions. Failure to (re)configure public institutions 
such as universities, research institutes, etc., so that they work 
effectively within the innovation system.  
Network failures. These refer to problems in the interaction among 
actors in the innovation system and relate to phenomena such as 
weak links between system actors, missing complementary assets in 
clusters, etc. 
Framework failures. Deficiencies in regulatory frameworks (e.g. health 
and safety rules), as well as in other background conditions, such as 
the sophistication of demand, cultural and social values, can have a 
negative effect on innovation and economic performance.  
This long list of potential market and systemic failures suggests that 

policies for innovation will only be successful if they enhance the 
performance of the system as a whole (Box 1.3), targeting weak links 
between elements that can hurt performance. Policies that only focus on 
one element of the system, or one sector, are unlikely to be effective in 
enhancing performance. Policy will therefore need to focus on a wide-
ranging approach for green innovation. Shifting towards a more systemic 
or horizontal approach is far from simple, but holds the promise of 
greater coherence and better performance. However, the priority 
assigned to different elements depends on the nature and state of each 
country’s system of innovation: one size does not fit all. 

At the same time, however, not all potential failures in innovation 
systems make government intervention necessary or desirable. There is 
often no guarantee that government policy will be able to address a 
market or systemic failure in a way that effectively improves the 
outcome, e.g. in welfare terms. Even where governments may improve 
welfare in principle, they may lack the means or information to do so in 
practice. Governments’ space of action may be limited: in fact, policy or 
government failures are often the result of the same (e.g. informational) 
constraints as those faced by private actors. Awareness of the possibility 
of government failure and rigorous ex ante evaluation of policies can 
help to limit the risk of costly but ineffective intervention. 
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Box 1.3. Innovation today 
When exploring the role of innovation for green growth and the role of policy in 

fostering innovation, it is important to develop a good understanding of the character and 
process of innovation. To transform ideas and inventions into innovation requires a range 
of activities, including organisational changes, firm-level training, testing, marketing and 
design. 

First, innovation today is only rarely a linear process in which innovations emerge from 
basic research, are then elaborated further through more applied research, and then pass 
into development and finally into commercial products and applications. Instead, 
innovation is a highly interactive process, where ideas that may lead to innovation can 
come from many directions. This being said, science continues to provide an essential 
underpinning for innovation. Modern innovations from the transistor to the Internet search 
engine have drawn on scientific knowledge. Most basic scientific research is undertaken in 
the public sector, predominantly in higher education and public research institutions. 

Second and as already discussed above, innovation rarely occurs in isolation. It is a 
highly interactive process, involving close co-operation between firms, knowledge 
partners and users. Through partnerships and collaborations, firms seek to stay abreast of 
developments, tap into ideas and customer needs, expand their market reach, gain access 
to a larger base of ideas and technology and get new goods or services to market before 
their competitors. A growing part of this collaboration occurs across borders. This 
interactive process also reflects that innovation increasingly occurs in an interdisciplinary 
way, with ideas and research from many areas supporting new strands of knowledge. 

Third, innovation is influenced by a combination of demand and supply factors. It is not 
just about fostering the generation of new knowledge and technological change. It is also 
about ensuring that such knowledge reflects the needs and demands of society. Users and 
consumers play a growing role, with firms increasingly involving them in the innovation 
process in order to better understand and satisfy consumers’ needs. Firms recognise this as 
a way to explore new growth opportunities at lower risk and to offer greater flexibility 
without necessarily incurring high costs. Policies therefore need to combine “push” and 
“pull” elements. 

Fourth, innovation often requires a range of complementary changes and investments in 
firms, including organisational changes, firm-level training, testing, marketing and design. 
Some firms that bring new products and services to the market do not engage in R&D at 
all, showing that innovation today is much more than science and technology. Innovation 
in business models, for example, is an important driver of value creation. In addition, 
green innovation involves a range of non-technological changes, such as in organisations, 
mobility patterns or city planning, that play a major role in environmental outcomes. 

Finally, public expectations on the role of innovation as a means to address a wide 
range of societal challenges are ever increasing in the face of urgent global challenges such 
as climate change and global poverty. Policy makers are increasingly required to direct 
their policies for innovation towards increasing and accelerating innovations that address 
particular challenges and demonstrably improve welfare.  
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Patterns of green innovation 

Relatively limited evidence is currently available on patterns of 
green innovation. The available indicators of green patenting, an 
indicator of the rate of invention, show that renewable energy and air 
pollution control are the most dynamic groups of environmental 
technologies among patent applications filed under the Patent 
Cooperation Treaty (PCT) (see OECD, 2009). The number of patented 
inventions in renewable energy (+24%), electric and hybrid vehicles 
(+20%), and energy efficiency in building and lighting (+11%) 
experienced much more rapid annual average growth than total patents 
(+6%) between 1999 and 2008.  

Figure 1.2. Patents in selected climate change and energy technologies 

Top 15 OECD countries, BRIICS, as a % of total PCT patent applications, 2003-08 
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Figure 1.2. Patents in selected climate change and energy technologies (cont’d)

Top 15 OECD countries, BRIICS, as a % of total PCT patent applications, 2003-08 
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Notes: The numbers above the bars are the total number of PCT patent applications filed in 2003-2008, 
rounded to the nearest integer. 

Source: OECD Patent Database, April 2011. 

Invention in climate change mitigation technologies has been 
growing in recent years, driven in large part by public policy. Most of 
the green technology development is concentrated in a relatively small 
number of countries and there is a considerable specialisation across 
countries (Figures 1.2 and 1.3). OECD economies are generally the 
active innovators in air and water pollution abatement and solid waste 
management. Countries like Australia (water pollution), Denmark 
(renewable, wind energy) Germany (air pollution), and Spain (solar 
energy) are also important sources of invention in specific fields, as are 
the BRIICS (Brazil, Russian Federation, India, Indonesia, China, South 
Africa), which are increasingly involved in waste management, water 
pollution control and renewable energy. 
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Figure 1.3. Patents in selected pollution abatement and waste management technologies 

Top 15 OECD countries, BRIICS, as a % of total PCT patent applications, 2003-08 
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Figure 1.4. Patenting in climate change mitigation technologies, 2008 
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Figure 1.5. Growth in patenting in climate change mitigation technologies, 1999-2008 

Patent applications at the Patent Cooperation Treaty (PCT) 
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Overall patenting in climate change mitigation technologies is still 
dominated by a relatively small number of OECD countries, however: 
Japan, Germany, and the United States. Japan’s patent applications in 
2008 were mostly related to innovation in energy-efficient buildings and 
lighting, as well as electric and hybrid vehicles, while the United States 
was particularly prominent in the area of renewable energy (Figure 1.4). 

Some countries have experienced particularly rapid growth in 
patenting in climate change mitigation technologies. Between 1999 and 
2008, Korea and China, in particular, experienced a very rapid growth of 
patenting of such technologies through the PCT, both from very low 
levels in 1999 (Figure 1.5). Among the large OECD countries, Japan and 
France, in particular, experienced rapid growth in patenting of such 
technologies through the PCT. 

For all environment-related technologies, the largest number of 
patents resulted from European research (OECD, 2009): in 2006, more 
than 30% of patented inventions had EU inventors. The United States 
and Japan contributed shares of between 18% and 26% to these four 
technological areas. The BRIICS countries (Brazil, Russian Federation, 
India, Indonesia, China, and South Africa) are also heavily involved in 
waste management, water pollution control and renewable energy. 
Among the European countries, Denmark is highly specialised in the 
development of wind energy technologies. 

There is evidence that green technology development is accelerating 
in certain areas. Figure 1.6 presents trends in high-value patents 
(“claimed priorities”) for a number of climate change mitigation 
technologies. There has been a sharp increase in some of these 
inventions since the late 1990s, coinciding approximately with the 
signing of the Kyoto Protocol. Empirical work has shown that in the past 
increases in fossil fuel prices, targeted R&D expenditures, as well as 
policy measures such as feed-in tariffs, investment grants, and 
obligations have been a significant inducement to invention with respect 
to renewable energy technologies (OECD, 2008). 
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Figure 1.6. Trends in patenting of climate mitigation technologies 
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Green innovation is also accelerating outside the area of climate 
change. For example, a recent OECD paper analysed trends in sustainable 
chemistry innovation.3 The paper focused on a cross-section of the 
sustainable chemistry area (i.e. biochemical fuel cells, biodegradable 
packaging, aqueous solvents, selected white biotech, TCF bleaching 
technologies and green plastics) and how such innovation compared to 
innovation in the chemical sector and all industrial sectors. 

Of the green chemistry technologies surveyed, biochemical fuel cells 
and green plastics were the two areas that have shown the most growth 
over the past 20 years (Figure 1.7) and far exceeded that of the rest of the 
chemical sector and industry overall. For other areas of green chemistry, 
the growth rate has been more in line with that of the chemical sector in 
general, although patents for totally chlorine-free pulp and paper 
technology rose significantly in the early 1990s only to decline at the 
beginning of this decade. The trend for selected white biotechnology, 
which exceeded that of the chemical sector overall, is of particular 
interest as this area represents around 70% of all sustainable chemistry 
patents identified in the report. 
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Figure 1.7. Growth rate of selected sustainable chemistry patents 

Count of CPs and SINGs worldwide (three-year moving average, indexed on 2000 = 1) 
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As discussed in the OECD Innovation Strategy, innovation is often 
highly concentrated and some regions appear to be more innovative than 
others. Based on imperfect proxies of innovation – R&D and patents – 
data show large regional disparities and spatial concentration in 
innovation. While city-regions such as San Diego, Boston, Stockholm or 
Eindhoven generate more than 400 patents per million inhabitants 
annually, other large cities produce less than half that number. More than 
one-third of regions in the OECD area generate less than ten patents per 
million inhabitants per year. This concentration of innovative activity is 
also true for green technology development and some strong hotspots 
can be observed (Figure 1.8). For example, key regions of Japan and 
Germany have very high levels of patent activity. Some important 
differences between regions can also be observed: for example, the San 
Jose-San Francisco area in the United States has a very high share of 
renewable energy in patenting, whereas the Zuid-Nederland area of the 
Netherlands has very high activity in energy efficiency and lighting. 

Figure 1.8. Top 40 regions in green patents, 2005-07 
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While data on R&D and patenting point to the upstream aspects of 
green innovation, information on the financing of innovation, involving 
risk or equity capital, can help point to innovation that is already closer 
to commercial application in the market place. Available data on venture 
capital investment in green technology (or clean tech), for example, 
points to strong growth over recent years, from about USD 0.5 billion 
per quarter in 2005 to about USD 2 billion per quarter in 2010 
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(Figure 1.9). In the United States, investment in cleantech amounted to 
almost 25% of all investment in venture capital (VC) in the first half of 
2010, more than VC investment in areas such as biotechnology, software 
and medical equipment. The key areas of green technology involved in 
VC investment in the first half of 2010 include solar power, transport, 
energy efficiency, biofuels, smart grids and energy storage (Cleantech  
Group, Market Insight, 2010). Other emerging areas of investor interest 
are water efficiency and management as well as electrical mobility – 
including the electric car, but also electric freight transport, port manage-
ment, etc. 

Figure 1.9. Global investments in cleantech, 2005-10 
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The number and scale of investments in initial public offerings in 
green technology have also gone up considerably over recent years and 
also bounced back quickly following the financial crisis in 2008 and 
2009 (Figure 1.10). This suggests some scope for exit by venture capital 
investors and points to a growing market for green technologies. A 2009 
report (China Greentech Initiative, 2009) suggested a market for green 
technologies of USD 1 trillion in China alone by 2013. Private forecasts 
all suggest a large potential for green technologies and innovations, 
though projections differ widely (and are sometimes prone to exaggera-
tion).  

While venture capital has played an increasingly important role 
especially in the United States, the United Kingdom and more recently in 
China, it represents only a small percentage of overall funding for the 
clean tech sector (Figure 1.11).4 Venture capital is particularly important 
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in countries where the market for VCs is well developed, such as the 
United States and the United Kingdom but also in China and Brazil. 
However, overall the largest source of funding remains asset-based 
finance and public markets.  

Figure 1.10. Global investment in initial public offerings (IPOs) in clean technology, 
2005-10 
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Figure 1.11. Public and private investments in low-carbon energy technologies, 2004-09 
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Despite these (rather limited) available indicators and data, it remains 
difficult to gauge and project how rapidly green innovation is 
progressing. While some data are available on green technologies, much 
less comparable information is available on the role of non-technological 
innovation, such as changes in work patterns, city planning or trans-
portation arrangements, that will also be crucial in driving green growth. 
There is some evidence that the scope of green innovation is broadening, 
however, involving both technological and non-technological innova-
tion. For example, the practices of manufacturing firms in realising green 
innovation have evolved in recent decades, starting from treating 
pollution at the point of discharge (through technological “end-of-pipe 
solutions”), moving to preventing pollution and minimising inputs in the 
first place (“cleaner production”). In recent years, an increasing number 
of firms have focused on solutions that integrate methods of minimising 
material and energy flows by changing products and production methods 
and reusing waste as a new resource for production (OECD, 2010c). 

Firm-level innovation data, derived from innovation surveys, reveal 
that most innovating firms introduce system innovation comprising 
product and process innovations as well as marketing and organisational 
innovations. Environmentally related innovation across all sectors is still 
rather limited in most countries (OECD, 2011b). In 2008, on average 
less than one third of surveyed innovators introduced procedures to 
regularly identify and reduce environmental impacts (Figure 1.12). 
Sweden is an exception with about three quarters of all innovating firms 
making efforts towards environment related innovation. The industrial 
sector is currently taking a lead, although the services sector is not 
lagging far behind with roughly 10% points lower share of eco-innovating 
enterprises. Environmental regulations (and taxes) and market demand 
appear to be the main drivers of environmental innovation, given the 
available data. The figures vary across countries, but on average one 
quarter of surveyed firms perceived the existing regulation and taxes as 
an incentive device to introduce eco-innovation, as opposed to 18% for 
expected market demand and only 7% for the government support. 
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Figure 1.12. Environmentally related innovation and its determinants in EU countries 
Environmentally related innovation in all sectors 

Selected EU countries, 2008 
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Advances have also been achieved through better management 
practices and integrated strategies. Empirical work based on a sample of 
manufacturing facilities indicates that the introduction of organisational 
innovations such as advanced environmental management practices 
(e.g. environmental accounting) can result in improved environmental 
performance, and complement technological innovations (Johnstone, 
2007). 

More integrated and systematic methods to improve sustainability in 
manufacturing have laid the foundation for exploring more radical and 
systemic innovations that could lead to significant environmental 
benefits. Although still limited in numbers, more efficient and intelligent 
ways of structuring production systems are also being established, such 
as eco-industrial parks in which economic and environmental synergies 
between various activities can be harnessed.  

A recent survey of a small sample of manufacturing firm activities 
shows that although the primary focus firm’s activities to enhance 
sustainability tends to be technological developments and advances with 
products or processes, understanding of green innovation is broadening 
as alternative business models and new modes of provision such as 
product-service systems (PSS) are being explored, particularly by new 
firms and public-private partnerships. Even with a strong focus on 
technologies, non-technological innovations, including organisational 
and institutional changes have apparently served as drivers or catalysts of 
such innovations (OECD, 2010c). 

A recent green paper to the Nordic Council of Ministers (FORA, 
2010) reports the results from case studies of “green business models” in 
the Nordic countries, which include five types of product-service 
systems (Box 1.4). The study concludes that many of such business 
models have the potential to generate solid business cases and jobs, 
while leading to significant lower environmental impacts and supporting 
the transition towards green growth.5

Finally, most indicators of green innovation, in particular as related 
to climate change, focus on the mitigation of environmental pressures, 
rather than on adaptation to these pressures. As climate change and other 
global environmental challenges proceed, adaptation will become of 
increasing importance. 
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Box 1.4. Green business models 
A recent paper to the Nordic Council of Ministers defines “green business models” as 

“business models which support the development of products and services (systems) with 
environmental benefits, reduce resource use and waste and which are economically 
viable”. The following five types of business models were distinguished in the study: 

Functional sales: The provider offers the customer to pay for the functionality or 
result of the product instead of buying the product itself. The structure of the 
business model gives the provider the incentives to optimise and maintain the 
product to ensure lifecycle cost effectiveness and reduce the overall environmental 
impact. 
Energy saving company (ESCO): This type of firm provides companies and 
public buildings with energy-saving solutions such as the installment of combined 
heat and power (CHP) equipment and in return is paid by part of the savings 
achieved, not by the equipment. This encourages the diffusion of large energy-
saving equipment as the customer does not have to pay all the cost up front. 
Chemical management services (CMS): This type of firm engages in a strategic, 
long-term contract to supply and manage the customer’s chemicals and related 
services. The provider of CMS is typically remunerated in some form of the 
customers output (e.g. painted car doors). This gives the provider the incentives to 
reduce the use of chemicals.  
Design, Build, Finance and Operate (DBFO): This business model involves 
long-term contracts over the construction, maintenance and operation phase 
(typically 20-30 years) of projects such as roads, buildings and facilities. This gives 
incentives to improving the quality of the construction project so that the lifecycle 
costs would be lowered.  
Sharing: Instead of private ownership, the product is shared among a number of 
users when the individual users need access to the product. The economic benefits 
of this model are less evident than in the other business models, but the sharing of 
products may pave the way for new products to the market.  

Source: FORA (2010).
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Notes

1.  An interim report was prepared for the MCM in 2010 (OECD, 2010a). 

2.  OECD (2010c) similarly categorises innovation into four levels based on the 
extent to which innovation could have environmental impacts: a) modification: 
e.g. small, progressive product and process adjustments; b) redesign: e.g. significant 
changes in existing products, processes and organisational structures; c) alterna-
tives: e.g. introduction of goods and services that can fulfil the same functional 
needs and operate as substitutes for other products; d) creation: e.g. design and 
introduction of entirely new solutions. 

3.  Sustainable Chemistry: Evidence on Innovation from Patent Data, Risk Manage-
ment Series No. 25, 2011, ENV/JM/MONO(2011)4 

4.  Note that the figure only reports data for the clean energy sector rather than the 
whole cleantech sector. 

5.  OECD work on business case studies of “radical and systemic” eco-innovation is 
currently underway with participation from over 25 countries. 
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Chapter 2 

Factors and policies determining green innovation 

This chapter examines in detail the main factors and policies that 
influence green innovation. This includes the broader framework for 
innovation, which was explored in the detail in the OECD Innovation 
Strategy, as well as factors and policies that can shift the direction of 
innovation towards greener products, services and processes. Such 
policies include measures on the supply-side such as investment in 
research and development, government support for the development and 
introduction of green technologies, as well as policies to foster informa-
tion and communications technology, biotechnology and nanotechnology. 
Demand-side policies, such as policies to diffuse innovations more widely, 
strengthen the markets for green innovation, e.g. through public procure-
ment, as well as consumer policies are also explored in the chapter. A 
final section discusses how governments can foster a whole-of-government 
approach to green innovation. 
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The environment for innovation 

The recent OECD Innovation Strategy examined a wide range of 
factors determining innovation and found that a comprehensive approach 
to fostering innovation is needed that considers the full spectrum of 
policies to create, diffuse and apply knowledge, covering both supply 
and demand-side policies. 

On the supply-side many of the enabling conditions for innovation 
are the same whether one is concerned with green innovation or 
innovation more generally. The fundamental drivers and barriers are 
similar, as confirmed by empirical work at the OECD which found that 
green innovation thrives in a sound environment for innovation. 
However, the rate and pattern of “green” innovation is heavily 
influenced by another factor – the environmental policy framework. As 
discussed in the OECD Innovation Strategy (OECD, 2010a), a number 
of framework policies for innovation are important. 

First, a policy environment based on core “framework conditions” – 
sound macroeconomic policy, competition, openness to international 
trade and investment, adequate and effective protection and enforcement 
of intellectual property rights, efficient tax and financial systems – is a 
fundamental building block of any effective (green) growth strategy and 
allows innovation to thrive.  

Firms are essential for translating good ideas into jobs and wealth 
and require good and stable framework conditions. New firms are 
particularly important, as they often exploit opportunities that have been 
neglected by more established companies. Driving the growth of such 
firms requires excellent conditions for firms to start up, grow and exit in 
case of failure. Many regulatory systems impose more stringent 
abatement requirements on entrants, discouraging both entry and exit, 
thus inadvertently slowing the rate of innovation (OECD, 2011a). Small 
and medium-sized enterprises (SME) account for the bulk of all firms, 
but often have weak capabilities for innovation. Policy can help to 
improve their access to finance and information, foster their participation 
in knowledge networks, and support the development of skills. 

Access to finance is also a key constraint for business-led innovation, 
which is inherently risky and may require a long-term horizon. Well-
functioning venture capital markets and the securitisation of innovation-
related assets (e.g. intellectual property) are key sources of finance for 
many innovative start-ups and need to be developed further. When 
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public funds are deployed, they should be channelled through existing 
market-based systems and private funds, and shaped with a clear market 
approach.  

Investment in basic and long-term research underpins much of the 
innovation process and provides the foundation for future innovation. As 
such research has a long term horizon and often has no immediate 
commercial applications, it is unlikely to be undertaken by the private 
sector. It can help address fundamental scientific challenges and help 
foster technologies that are considered too risky, uncertain or long-
gestating for the private sector.  

Labour market policies need to be flexible enough to facilitate the 
movement of workers and resources from declining to innovative firms. 
Too much rigidity in labour markets has been shown to reduce 
innovation for a given level of R&D (Cotis et al. 2010). Having the right 
people is also important and requires relevant education as well as the 
development of skills to complement formal education. 

But apart from establishing good policies to foster innovation in 
general, there are also some specific policies that may help to foster 
green innovation, including both supply and demand factors. This 
includes: 

The role of science and research: How can policy foster the creation 
of new knowledge and technologies that can underpin green 
innovation? What investments need to be made and (how) can the 
research effort be focused? What role can science and research play 
in fostering potentially more radical innovation? What role can 
international co-operation play? 

Policies to foster the commercialisation of green innovation: How 
can policy support the financing of green innovation, including 
through risk capital? What policies are needed to foster green 
entrepreneurship? How can governments support innovation 
throughout the innovation cycle? To what extent should governments 
focus their support and how can they make their support policies as 
efficient as possible? 

The role of general-purpose technologies, such as biotechnology, 
nanotechnology and ICT in moving towards a green economy. What 
policies are needed to ensure a strong impact of developments in 
these areas on green innovation? What is the role of smart grids? 
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Policies to help ensure the wide-spread diffusion and application of 
knowledge, technologies and processes, including at the international 
level. What is the role of intellectual property rights, the role of 
knowledge markets and networks, as well as technology transfer 
through trade, investment and the mobility of people? 

Policies that strengthen the markets for green innovation. What is the 
role of regulations, standards and public procurement? How can 
these complement price- and other market-based mechanisms to 
enhance incentives for green innovation? 

The role of consumer policy in influencing the transition to a green 
economy and towards more sustainable patterns of consumption. 

Governance issues relevant to co-ordinating a wide-ranging approach 
to green innovation. 

These issues are considered in further detail below. 

Science and research policies 

Investing in research 

As discussed extensively in a recent OECD report, carbon pricing 
will provide strong incentives for firms to adopt and develop green 
innovation (OECD, 2010c). However, several studies suggest that 
policies such as carbon pricing, that work at the end of the innovation 
cycle, will have a greater impact on stimulating incremental innovation 
and diffusing existing technologies than on fostering radical or systemic 
innovation (Nemet, 2009; Smith, 2009). Policies that enhance the supply 
of available knowledge and help develop new technologies and 
applications will therefore also be required (Mowery, et. al. 2009). 

Science has always been at the heart of innovation and continues to 
be an essential ingredient. As noted earlier, public investment often 
provides the seeds needed to trigger innovation, as has been the case 
with the Internet, the browser or the Human Genome Project. The 
question is, however, what investments in science are needed to foster 
green innovation, and whether and how these investments should be 
focused? Some studies have argued for large investments in relevant 
public research along the lines of the Manhattan project or the Apollo 
project, which both involved large public investments in research. 
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However, unlike these projects, green innovations will need to be applied 
throughout the economy, and mostly in the private sector. Unlike the 
atomic bomb or the moon landings, cost containment and the wide 
diffusion of technologies will be important for the success of green 
innovations emerging from public research. 

Research often provides the seed that ultimately leads to innovation, 
in particular where innovation is technological. Such research can come 
from many areas and goes beyond narrow categories of environmental 
science (Igami and Saka, 2007). For example, a mapping of scientific 
fields that influence innovation in green technologies, as measured by 
patenting, shows that areas such as chemistry and material sciences are 
more important for green technologies than research on energy and the 
environment (Figure 2.1). In most of these areas, the United States, 
Japan and Germany account for most of the links to green patents 
(OECD, 2010d). 

Figure 2.1. The innovation-science link in “green technologies”, 2000-07 

Green 
technology

Chemical 
engineering Chemistry Material

science Physics

Agricultural and 
Biological sciences

Immunology
and

Microbiology
Biochemistry, Genetics 

and Molecular biology

Energy

Earth and Planetary 
sciences

Engineering

Environmental
science

17.4%
10.5%

4.9%

7.5%
5.7%3.7%6.6%

4.8%

10.6%

9.5%
14.2%

Scientific
papers

Patents

Patent-science link via 
citations

(100% = all citations)

Legend:

Source: OECD calculations, based on Scopus Custom Data, Elsevier, July 2009; OECD, Patent Database, 
January 2010; and EPO, Worldwide Patent Statistical Database, September 2009.

Similar mappings have been made in other fields. All point to the 
growing multidisciplinarity of research, where scientific progress 
depends on research efforts across a wide range of fields. This finding is 
important as it relates both to spending decisions and to how trends in 
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specific areas of research spending should be interpreted. For example, 
government spending on energy R&D and on environmental R&D have 
not kept pace with the growing urgency of the energy and climate 
challenge (Figure 2.2). However, the low levels of energy and 
environmental R&D do not necessarily imply that more investment is 
needed in these areas. As shown above, innovation in energy and other 
green areas depends on a wide range of research, including research in 
areas such as ICT, life sciences and nanotechnology. For example, the 
development of smart grids, which has important implications for energy 
use, is mainly due to developments in ICT technologies linked to ICT 
firms. Encouraging the development of more generic technologies, such 
as materials technologies, nanotechnologies, life sciences and ICT, may 
therefore be just as (or more) important than spending on energy or 
environmental R&D as such. This implies that investing in research to 
provide an underpinning for green innovation will require a broad 
portfolio of investments, and not just focused or targeted R&D on energy 
or environmental R&D. Moreover, such investments will increasingly 
need to be undertaken through approaches that involve multi-disciplinarity 
funding, rather than funding along scientific disciplines. 
Figure 2.2. Public spending in energy- and environment-related R&D, OECD1
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Scientific breakthroughs could open new avenues for energy 
production or help increase the efficiency of energy use. They could also 
provide new ways of capturing and using GHG emissions, or of adapting 
to global environmental challenges such as climate change. In deciding 
where to invest, government should in principle focus on those areas 
where the social returns of investment are potentially the highest and 
where it is unlikely that the private sector will invest on its own. This is 
typically in areas where the risks of investment are too high, the lead 
times too long, and the appropriability of outcomes low. This implies 
that governments will need to take the lead in investments in basic 
research that can help overcome fundamental challenges and specific 
roadblocks to innovation, or that enhance the knowledge base for follow-
on investments in green innovation by the private sector. 

Some of this investment may need to be channelled to specific areas, 
e.g. through more focused efforts in areas where research is aimed at 
resolving known challenges. But some will also need to be generic or 
blue sky, as ideas and new knowledge may emerge from many directions. 
As shown above, greater investment in energy R&D or environmental 
R&D may be needed, but the evidence shows that green innovations over 
the past decade have relied on a very wide range of research, reflecting 
the growing multidisciplinarity of scientific research.

As discussed in the previous section, an important question for 
policy makers is to what extent they should foster more radical or 
systemic innovation. As argued by several analysts (e.g. Smith, 2009), 
the current economic system based on fossil fuels is heavily embedded 
throughout society and will not be easy to change. There is a risk that a 
sole focus on incentives for incremental innovation will lock the world 
even more strongly into the current system of energy production and 
consumption. At the same time, the urgency of the global challenges 
facing humanity may mean that there is no time to wait for potential big 
breakthroughs that might emerge in the future. Policy will therefore need 
to do both: give strong, coherent and stable incentives to invest in green 
innovation and improve energy efficiency within the existing techno-
logical system, and at the same time, encourage research and innovation 
that can lead to breakthroughs in more radical and systemic change, 
which could ultimately contribute to a new technological regime.  
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One criticism of explicit policies for radical innovation is that 
specific pre-determined technological paths may stifle learning processes 
exploring more sustainable technological paths. Nevertheless, many 
supporters of government action call for a one-time technological 
breakthrough comparable to a “Manhattan Project” or an “Apollo 
Mission” type programme, e.g. through geo-engineering (Box 2.1). 
Academics such as Mowery et al. (2009) have argued that such a 
mission mode is appropriate only when the way forward is relatively 
clear and when the necessary development work is intrinsically large in 
scale. In contrast, when the best path to success is not clear, centralised 
decision-making can suppress innovation and the development of new 
strategies. There may therefore be a trade-off between the efficiency of 
mission-based approaches and the greater innovative potential of a more 
dispersed, less structured organisation of R&D. Proposals for 
“Manhattan” or “Apollo”-type projects to deal with the energy challenge 
could waste resources and limit the prospects for success.  

Box 2.1. The case of climate geo-engineering 
Geo-engineering or climate engineering refers to the deliberate manipulation of the 

earth’s climate to counteract the effects of global warming from greenhouse gas emissions. 
Despite the lack of evidence on the potential of geo-engineering options, there remains 
interest in the scientific and policy communities in understanding the potential costs and 
benefits of such radical innovation in the face of slow progress in reducing GHG 
emissions.  

Geo-engineering methods can usefully be divided into two basic categories: 
1)  Carbon dioxide removal (CDR) techniques which remove CO2 from the atmosphere; 
2)  Solar radiation management (SRM) techniques that reflect a small percentage of the 

sun’s light and heat back into space. 
The major differences between the two classes of methods concern the timescales over 

which they could become effective, their long-term sustainability, their effects on CO2
related problems other than climate change, and the governance issues that they raise. 
Analysis suggests that geo-engineering is likely to be technically feasible, and could 
substantially reduce the costs and risks of climate change. However, all of the geo-
engineering methods assessed have major uncertainties in their likely costs, effectiveness 
or associated risks and are unlikely to be ready for deployment in the short to medium 
term. As the authors of a Royal Society study conclude, if geo-engineering is to play a 
future role, effort is needed to develop appropriate governance frameworks for R&D as 
well as deployment. Critical to the success of these will be an active and internationally 
co-ordinated programme of research, and an active programme of stakeholder engagement. 
Source: The Royal Society (2009).
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Technologies such as CO2 capture and sequestration (CSS) could be 
more appropriate targets for a “Manhattan-like Project”, as this 
technology currently often has few private benefits to firms (in particular 
in the absence of a price on carbon) and governments may therefore need 
to take the lead. Countries are already funding and undertaking pilot and 
larger scale projects (IEA, 2010). However, even in this case there are 
many questions as to the take up and wider-scale adoption of such 
technologies. These include concerns about public acceptance of such 
technologies, the risks of leakage of sequestered carbon associated with 
seismic activity on land and in the oceans, as well as the large 
investments that will be needed to build a comprehensive CCS industry.  

The design of government programmes for public research aimed at 
green growth is also important. If governments wish to encourage a long-
term shift towards a green economy it will be important that their own 
policies to foster research and innovation provide clear and stable 
signals, not only with regards to carbon pricing, but also with regards to 
investments that may only provide benefits in the long term. Policies 
towards public research organisations are important too; there are large 
differences across countries in the degree to which public research 
organisations contribute to green innovation (Figure 2.3). For example, 
India’s Council of Industrial and Scientific Research accounted for over 
30% of all green patents in India between 2000 and 2007 (OECD, 
2010d). 

Figure 2.3. Patenting by public research organisations, 2000-07 
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OECD work on the impacts of environmental policy on innovation 
has also shown that innovation benefits from having stable and 
predictable policy signals (Johnstone, et.al, 2010). Secondly, however, 
such policies will benefit greatly from constant monitoring and evaluation 
to ensure they are effective and efficient, and to benefit from the learning 
associated with policy development. This implies that governments may 
have to adjust their policies from time to time, even though there is a 
certain trade-off due to impacts on the stability and predictability of 
policies. Thirdly, as innovations may emerge from everywhere, it is 
crucial that policies to foster innovation embrace competition, enabling 
new firms and new ideas that challenge existing or dominant firms and 
ideas (Box 2.2). 

Box 2.2. Prizes as incentives for breakthrough technologies 
Beyond government directed Manhattan-type strategies for breakthrough technologies, 

prizes have also re-emerged as incentives for breakthroughs in public and private R&D. In 
general, prizes are of two types: targeted prizes and blue sky prizes. Targeted prizes are 
posted ex ante and the sponsor’s needs are formalised in performance standards that must 
be met to claim the prize. The possibility of getting rewards ex post is sometimes 
institutionalised in blue-sky prizes. These are prizes offered for innovations that are not 
identified in advance. Prizes were eclipsed by patents during the Industrial Revolution, but 
they have never vanished as an incentive mechanism. Today, prizes are shifting away from 
traditional arenas such as the arts to more hard-science related areas such as climate and 
environment, science and engineering, and aviation and space. The amounts in these areas 
have increased seven fold in the last decade and most of that money goes to those who 
solve defined problems.  

The US Applied Research Projects Agency for Energy (ARPA-E) can be regarded as a 
translational research entity that announces prize-like grants in the field of renewable 
energy technologies. The agency’s primary task is to identify potential scientific 
breakthroughs in the field of renewable energy technologies and translate them through 
proof of concept or prototype on the market. Besides governments or public institutions, 
prizes to provide incentives for the creation of green technologies have recently also 
emerged from private actors. General Electric, for example, recently announced a 
USD 200 million open innovation challenge to seek breakthrough ideas for a smarter, 
cleaner, more efficient electric grid.  

Although prizes may indeed serve a useful role, their utility should not be exaggerated. 
There are significant limitations to the use of prizes in the field of alternative-energy 
technologies. These reflect both the wide range of technological advances that can 
contribute to progress in this area and the uncertainties involved in both technologies and 
applications. Interestingly, studies on semiconductors and other electronics-based 
innovations suggest that public procurement contracts effectively served the same function 
as a “prize,” inducing considerable innovative effort by firms (Reichman et al., 2008; 
Scotchmer, 2006; McKinsey and Company, 2009). 
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There is also an important question for governments on how to focus 
their efforts. Few countries will have the scale or capabilities to engage 
in every area of research that could contribute to better environmental 
outcomes. Governments will typically focus their research efforts on 
areas where they have a strong capability or where there is a strong need 
to develop solutions that are adapted to the local context. In other fields, 
co-operation with other countries and research centres can be developed 
to gain access to relevant research and to work together on the develop-
ment of solutions. At the same time, international competition will be 
essential to drive down the costs of green innovation and benefit from 
the global process of experimentation. 

A final question for policy is whether there is a need for greater 
investment in research that can help address environmental challenges. 
As noted above, such investments have not kept pace with the growing 
urgency of the various global environmental challenges (Figure 2.4). 
Given the potential for research and innovation to significantly reduce 
the costs of addressing environmental challenges such as climate change, 
and the potential for such investments to also drive economic growth, the 
answer is clearly yes. 

Figure 2.4. Government budget devoted to control and care for the environment, 
1998-2008 

As a percentage of the total government R&D budget 
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However, some additional policy considerations are important too. 
First, too rapid an increase in investment in R&D can lead to capacity 
constraints, if too few qualified researchers are available to undertake the 
necessary research and development. Second, the impact of any increase 
in R&D spending will depend on the quality of research that is proposed 
and on the ability of the innovation system to turn such spending into 
innovation. Greater spending is therefore no panacea and improving the 
performance of the science system and the co-operation between science 
and business may often be just as important. Third, governments can also 
do much to strengthen green innovation within the existing envelope for 
research, e.g. by giving greater priority to thematic and mission-oriented 
research programmes aimed at global challenges such as climate change. 

The need for international co-operation 

Global challenges require co-operation on a global scale in order to 
create a public good (climate change mitigation, biodiversity) or protect 
the global commons (i.e. the environment, fisheries). However, 
difficulties arise in terms of international co-ordination on: research 
needs and priorities; financing levels and provision of other incentive 
mechanisms or reward systems for innovation; evaluation of programmes; 
mechanisms to ensure technology transfer, as well as equity and the 
sharing of benefits; and defining the governance frameworks that 
establish and legitimate policy actions. 

International co-operation is necessary because: i) no single country 
can successfully address the problems alone; ii) individual countries may 
not be willing to bear the costs of addressing global challenges because 
they cannot appropriate the benefits; and iii) uncoordinated efforts of 
many countries to address global challenges are likely to be more costly 
and less successful than co-ordinated, co-operative efforts. 

In recent years, there has been a growing political consensus that 
responding to global environmental challenges requires collective action, 
global solutions and international and multilateral co-operation. 
Therefore, it will be important to strengthen international science and 
technology co-operation. The key will be to identify and implement 
policies, frameworks, and governance mechanisms that can deliver rapid 
scientific and technological progress and lead to a quick and wide 
diffusion of innovation. Existing schemes of co-operation in science, 
technology and innovation may have to be evaluated and improved.  
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Proven co-operation strategies include: joint investment in basic 
research; mapping of R&D needs; collaborative research in international 
networks; technology transfer initiatives; and scholarships and fellow-
ships for the international mobility of researchers. But current challenges 
require more concerted approaches to international co-operation in order 
to accelerate technology development and diffusion. Perceived benefits 
include: creating economies of scale, reducing redundancies, utilising 
complementary expertise and pooling resources for research funding. 
Co-operation can also help create a common pool of knowledge, e.g. for 
the pre-competitive stages of research, which can be utilised by all firms 
and countries involved in technology development. And it can help 
strengthen and accelerate technology development and diffusion by 
combining the comparative strengths of different countries. 

Clearly, however, global environmental challenges differ along many 
dimensions, including for example: the nature of the scientific and 
technical problems involved; the innovator communities involved; the 
involvement of private sector and/or non-governmental actors; the type 
of funding available and needed; the social and economic context; the 
number and types of solutions sought; and the organisation and 
governance of the international community as its bears on the specific 
problem area.  

Nevertheless, some common strategies are emerging. These include: 
greater involvement of the private sector, non-governmental organisa-
tions, philanthropic organisations, and other stakeholders in the prioriti-
sation and delivery of science and innovation and the use of new 
financing mechanisms (e.g. securitisation, risk sharing) to provide 
incentives for global and local innovations. The search for solutions to 
global challenges would also benefit from a closer involvement of the 
developing world, and the building up of research and technology 
capacity in these countries.  

Further work is needed to identify the commonalities of successful 
governance approaches and mechanisms for STI co-operation. This 
includes the evaluation of traditional and non-traditional financing 
mechanisms for multilateral research; arrangements that allow for an 
efficient and participatory agenda setting; and access to and utilisation of 
knowledge and mechanisms which ensure a rapid transfer of research 
outcomes into practice. Work is currently underway at the OECD to 
address these questions. 
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Unleashing green innovation1

The foundations for innovative activity must be sound for firms to 
participate in innovation and for its benefits to spread throughout the 
economy and society. A policy environment based on core “framework 
conditions” – sound macroeconomic policy, competition, openness to 
international trade and investment, tax and financial systems – is a 
fundamental building block of an effective (green) growth strategy and 
allows innovation to thrive. The OECD’s work on Going for Growth 
(OECD, 2006), and the OECD Innovation Strategy (OECD, 2010a)
contain extensive discussion of the key policies in this area, which will 
not be replicated here. This section discusses three specific constraints, 
namely the financing of green innovation, government policies to 
support green innovation in firms, including the role of tax credits, direct 
support and other instruments of innovation policy, and the role of 
entrepreneurship. 

Financing green innovation 

Access to finance is a key constraint for business-led innovation, in 
particular in the aftermath of the economic crisis. Access to finance is 
even more difficult for firms engaged in green innovation, due to the 
immaturity of the market, which increases the difficulties associated with 
accurately pricing the relative risk of investments in “green growth”, 
making it more difficult for such firms to obtain financing at reasonable 
costs than for firms involved in more established markets. Moreover, in 
some cases there can be important learning and demonstration effects 
which will not be realised in the absence of initial support.  As a 
consequence in most countries, investment in green growth, and in 
particular in renewable energy, is underpinned by government 
incentives.  

Financial constraints are especially severe for new entrants to the 
innovation process, since they have no history of success and often only 
limited access to internal finance. Well-functioning venture capital 
markets and the securitisation of innovation-related assets (e.g. intellectual 
property) can be key sources of finance for many innovative start-ups. 

Venture capitalists are crucial investors for entrepreneurial high 
growth start-ups operating in young, dynamic and uncertain industries. 
At the same time, venture capitalists tend to fund projects with relatively 
low capital intensity as well as projects that can show commercial 
viability quickly (three to five years) and can be sold within the life of a 
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fund (about 10 years). They also seek to diversify their high-risk 
portfolio by investing in a range of subsectors to increase the chances of 
obtaining positive “tail” outcomes in their portfolio. Venture capital 
funds will therefore finance projects in the bottom right panel of the 
diagram in Figure 2.5.  

Using the classification of Figure 2.5, a financing gap is likely to 
arise for those projects that have both a high technology risk profile and 
are capital intensive. This gap is worsened if in addition to the project’s 
commercial viability, the venture fund’s exit opportunities are highly 
uncertain. This is particularly true for projects characterised by 
technology risks at the stage of lab development, but also for projects 
later on, at the demonstration and early commercialisation stages. The 
main reason for this funding gap is that the further the horizon, the 
higher the financing risk for seed and early stage venture funds of being 
unable to ensure a successful exit or to raise follow-on funding before 
the end of the life of the venture fund (Nanda and Rhodes-Kropf, 2010). 
These projects are therefore very hard to fund with either project or debt 
financing or venture capital and can fall into the “Valley of Death”. 

Figure 2.5. Financing of risky projects and example of clean-tech investments 

Source: Ghosh and Nanda, 2010. 
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Other projects in the cleantech industry however fall in the category 
of high-risk-low capital intensive projects that have been traditionally 
backed by VC; such as energy efficiency software; fuel cells etc. 
Anecdotal evidence (see discussion in Ghosh and Nanda, 2010) suggests 
that VCs are increasingly shifting their investments towards these latter 
types of projects. The development and commercialisation of radical 
technologies in those cleantech sectors characterised by high-risk high-
capital intensity may therefore be in jeopardy.  

Policy can take steps to ease access to finance for new and 
innovative small firms, both with respect to debt (the prevalent source of 
external funding among all enterprises, including innovative firms) and 
equity finance. This could involve risk-sharing schemes with the private 
sector. 

Seed capital and start-up financing, often involving business angel 
funds and networks, play a key role in enabling entrepreneurial 
individuals to turn new ideas into new products and applications. Having 
access to these services can provide more than just funding, helping 
start-ups to develop, and providing advice and on-the-ground manage-
ment expertise. Government can foster such networks and associated 
markets. When public funds are deployed, they should be channelled 
through existing market-based systems and private funds, and shaped 
with a clear market approach. Policy should focus on using financial 
engineering approaches to develop the market for early-stage equity 
finance, rather than directly providing finance. This requires incentives 
to develop the necessary skills and experience in venture firms. 

As shown above in Figure 1.11, venture capital, together with public 
and private spending on R&D, accounts for only a small part of the total 
investment in low-carbon technologies that has recently occurred, 
however. Funding approaches need to be tailored to the different stages 
of technology development. Government funding is most relevant for 
early stage technology development, while private finance tends to 
assume a larger share of later-stage technology deployment and 
commercialisation. The section below discusses government support for 
innovation in greater detail. 
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Government support for innovation 

Previous OECD and International Energy Agency (IEA) work has 
pointed to the role that direct support for technologies and business 
innovation might need to play in fostering green innovation. Such 
support typically involves either direct support for business, such as 
through competitive grants and support for collaboration between firms 
and research institutions, or indirect support, including R&D tax credits 
as well as feed-in tariffs. Direct support for R&D and innovation has the 
advantage that it can be focused on activities and actors of greatest 
interest in meeting public policy goals, i.e. those that may yield the 
highest social returns. They may also help governments in meeting their 
targets to improve environmental outcomes. For example, many 
governments have made time-bound commitments on reducing carbon 
emissions. The search to develop, diffuse and apply low-emission 
technologies is taking place within defined time-horizons. Direct support 
can help focus innovation efforts to meet such timeframes, in ways that 
more generic instruments might not. 

Direct support can also be focused on specific barriers to green 
innovation, as discussed above. These barriers are varied, and can 
include: the possible undersupply of private investment in R&D; the 
failures of market actors to supply public goods (such as open, credible 
international technical standards); gaps in the market for early-stage 
equity finance; co-ordination and information problems that hinder 
networking or other types of collaborative activity; dominance by 
existing technologies that prevent a level playing field, etc.  

Focusing support on activities that either have high positive 
externalities or are prone to market or systemic failures can increase the 
impact of public support. However, because direct support can be 
focused, the problematic prospect arises of governments picking specific 
technologies or innovations over others (whether these are “winners” is 
another question). The design of schemes to provide direct support for 
R&D and innovation is therefore of great importance. Good policy 
designs need to ensure competitive selection processes, to select projects 
that best serve public policy objectives, avoid favouring incumbents or 
providing opportunities for lobbying, ensure a rigorous evaluation of 
policy impact, and contain costs. As focused direct support puts greater 
demands on the information available to governments and government 
capabilities to shape programmes, direct support tends to be more 
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expensive than indirect support in terms of the costs of executing the 
programme and administering the selection process. 

Governments can take various steps to harness market mechanisms 
in the design of direct support, such that the information contained in 
markets is brought to bear while costs are contained. Murray (1999), for 
example, assesses the best designs for public support of early-stage 
venture capital funds and concludes that the best option is to provide 
public co-investment with private partners, which multiplies the financial 
benefits of success to the disproportionate advantage of venture capital 
funds and their investors while maintaining incentives for fund managers 
to make good investment decisions. This example illustrates how well-
designed public support can operate to amplify and target market 
dynamics.  

Governments can also introduce design features in their support 
procedures that could increase the efficiency of allocations. Giebe et al
(2005) for instance describe the resource savings and efficiency benefits 
that could follow the introduction of competition among applicants for 
R&D grants – through the use of various auction mechanisms - greater 
information can be extracted on the proposals and some degree of 
unnecessary funding can be avoided. The increasingly common practice 
of giving direct support to pre-competitive ventures, and to partnerships, 
is also one means of reducing problems associated with picking winners 
at the level of individual firms. 

Several OECD countries also have more generic policies that provide 
direct support. For example, the Innovation Vouchers used in the 
Netherlands are a generic tool to provide direct support. Such pro-
grammes tend to have relatively low information and administrative 
costs, and also face a smaller risk of government failure. On the other 
hand, there is a greater risk of large deadweight loss, with support 
possibly going to firms that would have undertaken innovation efforts 
even without public support.  

The alternative to direct support for R&D or innovation is indirect 
support, e.g. through the tax system. Traditionally, the argument for tax 
incentives lies in their non-discriminatory nature and in its ease of use. 
The choice of R&D tax incentives will depend on country-level variables 
such as overall innovation performance, perceived market failures in 
R&D, industrial structure, size of firms and the nature of corporate tax 
systems. R&D tax credits are neutral with respect to the type of R&D 
that is being conducted by a firm, and therefore operate more in 
accordance with market rationality than direct support. At the same time, 
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as R&D tax credits tend to support any formal R&D, they are less easy 
to steer and may therefore be less effective in achieving public policy 
goals or in achieving high social returns. This is their main drawback as 
a policy tool to foster green innovation: R&D tax credit schemes will 
typically support any formal R&D, be it for a potentially path-breaking 
green innovation, or for new toothpaste.  

R&D tax credits have become one of the most widely used 
instruments of innovation policy. It has been argued that R&D tax 
credits present many advantages since they may be relevant for all 
industrial sectors or research and technological fields. Tax concessions 
interfere little in firms’ R&D strategy and let market mechanisms 
determine R&D priorities. These instruments allow governments both to 
stimulate investments in R&D and to retain or attract foreign R&D 
investments. Spillovers may go well beyond the R&D performer, the 
firm or the industry. In addition, tax concessions for R&D could in crisis 
times serve as a stimulus plan when they are converted into immediate 
tax relief so as to help companies improve their cash flow (OECD, 
2009a). Such arguments are still debated but recent trends indicate that 
countries tend to use both indirect and direct financial support, reflecting 
their complementarity. 

These challenges in providing direct or indirect support also 
influence the development of new green technologies. IEA (IEA, 2010) 
describes the case for government action at several stages of the 
innovation cycle for new energy technologies. It points to four stages of 
technology development, each with a specific type of government 
intervention (Figure 2.6):  

For promising but not yet mature technologies: at this stage, 
government will need to support research and large-scale demonstra-
tion and begin to assess infrastructure and regulatory needs. 

For technologies that are technically proven, but require 
additional financial support: in this case, government may wish to 
provide more technology-specific incentives (e.g. feed-in tariffs) to 
create a market, combined with regulatory frameworks/standards. 

For technologies that are close to competitive today: governments 
can provide technology-neutral incentives that are removed upon 
achievement of market competitiveness. 
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For technologies that are competitive today: governments play a 
role in building public acceptance/adoption by identifying and 
addressing market and informational barriers. 

Figure 2.6. A tailored approach to energy technology policy 
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Where governments should direct their support is a difficult issue to 
grapple with. In picking where support should go, there is always a risk 
of promoting activities that may have occurred anyway. Similarly, there 
is a risk that more appropriate technologies or practices will emerge that 
should have been supported but policy has locked the economy into a 
less desirable pathway. On the other hand, too little support can preclude 
the achievement of environmental objectives. In many cases, such as 
driving low carbon growth or decarbonising energy systems, large scale 
system-wide changes need to happen in a relatively short space of time. 
This presents both costs to the environment and potentially costs to 
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growth. In general, this commends a portfolio of public investment 
where funding approaches need to be tailored to the different stages of 
technology development. 

In general, policies for innovation and deployment need to encourage 
experimentation to bring about new options that can help strengthen 
environmental performance at the lowest cost. This should involve a 
vigorous process of national and global competition among alternative 
technologies and innovations, to bring about those options that have the 
best performance. Governments should level the playing field between 
alternative options, but should in general avoid supporting specific 
technologies and solutions over others, emphasising competition and 
technology neutrality. 

However, such policies may not always be enough, as green 
innovation faces additional barriers in some markets, e.g. barriers to 
entry in the electricity sector. In practice, many governments therefore 
provide targeted support for specific technology fields. As noted above, 
provision of such support can be risky because of the lack of information 
on the maturity of specific technologies, and their likely future 
commercial potential.   

The case of renewable energy is instructive. Denmark’s experience 
with feed-in-tariffs (FITs)2 in stimulating the wind power industry 
between the mid-1980s and the late 1990s is often cited as an example. 
The Danish government guaranteed a relatively high internal rate of 
return, which provided a strong incentive for investment in wind power. 
In 1990, the capacity of installed onshore wind power in the country 
amounted already to 343MW, 76% of the total capacity installed in 
Western Europe. This stable and sizable home market provided the 
Danish wind industry with the necessary testing ground for their 
technologies. Once a certain level of technical maturity had been 
achieved within the domestic market, Danish companies moved to the 
global market (Lewis and Wiser 2007). However, Denmark’s success 
with FITs has not been repeated widely. 

In the case of Germany’s Renewable Energy Sources Act (2000), 
FITs were implemented with a view toward encouraging innovation 
across a diverse portfolio of renewable energy sources. FITs were 
differentiated according to perceived maturity, with the rates declining 
over time to reflect shifts along the learning curve, and to maintain the 
diversity of the portfolio. While the “predictability” of the rates was seen 
as being essential, there have been periodic revisions to reflect changing 
economic conditions (Lipp, 2007).  
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In some cases, other instruments may be more promising than feed-
in-tariffs as they are focused on performance rather than specific 
technologies. For example, renewable energy certificates, that include 
requirements on the percentage of electricity that must be generated by 
renewables, give more broad-based incentives to innovation in 
alternative energy than FITs (Johnstone, et al, 2010). However, such 
measures are unlikely to have a significant impact on less mature 
technologies since investors will focus on those areas which are “closer 
to market”.  

Providing support for more “radical” innovations in a manner which 
is not excessively prescriptive is a significant policy challenge. 
Technology prizes have a role to play in certain areas, as they reward the 
achievement of a specific goal (Newell and Wilson, 2005). Directing 
investment to enabling technologies will also help address problems 
associated with providing targeted support. OECD analysis shows that a 
boost in public funding of renewable energy R&D would be more 
“productive” if it was allocated to enabling technologies such as energy 
storage or grid management, rather than to specific generating 
technologies (e.g. wind, ocean, solar) (OECD, 2011b).  

While policies to support specific green technologies may be needed 
to overcome barriers to commercialisation, the design of such policies is 
essential to avoid capture by vested interests and ensure that they are 
efficient in meeting public policy objectives. Focusing policies on 
performance rather than specific technologies or cost recovery is 
essential. Other important elements of good design include independence 
of the agencies making funding decisions, use of peer review and 
competitive procedures with clear criteria for project selection. Support 
for commercialisation should also be temporary and accompanied by 
clear sunset clauses and transparent phase-out schedules. 

As noted before, support policies also require a good understanding 
of the state of development of green technologies; support for 
commercialisation should not be provided before technologies reach a 
sufficiently mature state. Moreover, market structure plays an important 
role and support mechanisms may need to be tailored to specific markets, 
depending on the number of competing technological options and 
substitutability of different market segments (OECD, 2011b). For 
example, in some markets there may already be a convergence towards 
one technology standard (as in the case of CHP), whereas in others there 
is still a wide range of technological options, as in the case of CCS or 
electric cars. Moreover, when market segments are poor substitutes, 
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there may be market fragmentation and lock-in effects. This has 
important effect on the efficacy of public support: public resources may 
benefit one segment only, which raises competition issues, or be 
stretched too thinly, which raises efficiency issues. 

Small and medium-sized enterprises face additional problems in 
adopting green innovations, as they often have weak innovation 
capabilities. Policy can help to improve access to finance, enable small 
and medium-sized enterprises (SMEs) to participate in knowledge 
networks, strengthen the skills that can lead to innovation, and reduce the 
regulatory burden on firms. Opening (green) public procurement to 
SMEs may also help in strengthening green innovation in such firms, 
and is the objective of programmes such as the US Small Business 
Innovation Research programme. 

Entrepreneurship and the role of new firms 

How to unleash innovation in firms is the third important area of 
action for policy in fostering green growth. Entrepreneurship and the 
growth of new firms are particularly important in this context. OECD 
analysis shows that a large share of radical innovations, that will be 
important in achieving green growth, emerge from new firms. New and 
young firms are prone to exploiting technological or commercial 
opportunities which have been neglected by more established companies, 
often because radical innovations challenge the business models of 
existing firms. Moreover, analysis for the United States shows that such 
new firms contribute substantially to the creation of new jobs 
(Haltiwanger, et al., 2009). 

Both firm creation and destruction will be indispensible for the 
experimentation process that leads to the development of new green 
technologies and markets. Many new firms and their innovations will 
ultimately fail, but this is a crucial part of the experimentation process 
that is needed to address market needs and commercialise innovation. 
However, most OECD countries face significant challenges in fostering 
the growth of new firms. Simplifying and reducing start-up regulations 
and administrative burdens can reduce the barriers to entry, although 
much progress in this area has already been made across the OECD in 
recent years. Since new firms entering the market know little about their 
chances of survival, costly exit also discourages firms from entering the 
market. In some countries, bankruptcy laws could be made less punitive 
to entrepreneurs and offer more favourable conditions for the survival 
and restructuring of ailing businesses, with due regard to risk management 
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and the need to avoid moral hazard. In other cases, stricter legislation 
may be needed, as this can give investors greater confidence when giving 
loans.3 A lack of exit opportunities for investors, for instance involving a 
secondary market, can also limit green innovation. 

The growth of new firms is a particular challenge in many OECD 
countries. Low regulatory barriers can help ensure that gazelles and other 
high-growth firms don’t spend the capital needed to support their growth 
on overcoming bureaucratic obstacles. Policy should also address 
administrative, social and tax requirements that tend to rise with the size 
of the company, as these increase the cost of growth. 

New firms and business models may well face additional barriers to 
growth than existing firms. For example, new firms may find that their 
business model is not compatible with existing regulations as such rules 
may not be sufficiently up-to-date. Governments can help such firms by 
providing tailored assistance, e.g. through a front-runner desk, which can 
help enhance compatibility between government and entrepreneurs and 
also place new developments on the policy agenda. 

The role of green ICTs and smart applications4

ICT and Internet applications also have the potential to improve the 
environment and tackle climate change. Top application areas include 
manufacturing, energy, transport and buildings. Information and 
communication also foster sustainable consumption and greener 
lifestyles. At the same time, direct and systemic impacts related to the 
production, use and end of life of ICTs require careful study in order to 
comprehensively assess “net” environmental impacts. The resulting 
environmental impacts are more difficult to trace but need to be part of a 
comprehensive analytical framework. A better understanding of smart 
ICTs provides policy makers options for encouraging clean innovation 
for greener economic growth.5

The direct impacts of ICTs on the environment (or “first-order 
effects”) refer to positive and negative impacts due to the physical 
existence of ICT products (goods and services) and related processes. 
The sources of the direct environmental impacts of ICT products are ICT 
producers (ICT manufacturing and services firms, including intermediate 
goods production) and final consumers and users of ICTs. ICT producers 
affect the natural environment during both the production of ICT 
hardware, components and ICT services and through their operations 
(e.g. operating infrastructures, offices, vehicle fleets). In addition, the 
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design of ICT products determines how they affect the environment 
beyond company boundaries. Energy-efficient components, for example, 
can reduce the energy used by ICT equipment. Modular ICT equipment 
and reduced use of chemicals in production can improve re-use and 
recyclability. OECD work has shown that improved R&D and design 
can help to tackle direct impacts throughout the entire life cycle of ICT 
goods, services and systems (OECD, 2010d). Government “green ICT” 
policies can be instrumental in promoting such life-cycle approaches6

(OECD, 2009b). 

At the other end of the value chain, consumers and users influence 
the direct environmental footprint through their purchase, consumption, 
use and end-of-life treatment of ICT products. Consumers can choose 
energy-efficient and certified “green” ICT equipment over other 
products. The use of ICTs largely determines the amount of energy 
consumed by ICT equipment (widespread changes in use patterns, 
however, are part of systemic impacts). Figure 2.7 below shows a break-
down of the global carbon footprint of ICTs by product category: A large 
part of the sector’s GHG emissions footprint still results from the 
production and use of consumer ICT products (including TVs). 
However, ICT products across the economy and modern ICT 
infrastructures are an increasing share, especially given the fast ascent of 
the Internet and its economic importance (see also Box 2.3). 

Figure 2.7. Global greenhouse gas emissions by ICT product categories, 
share of ICT overall, 2007  
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Box 2.3. How green is the Internet? 
The balance of direct, enabling and systemic impacts determines how green the Internet 

is. There has been discussion about the carbon footprint of various Internet activities, 
e.g. using a search engine to look for information. Apart from narrowly-focussed accounts 
about the electricity use and related CO2 emissions of individual companies, more 
systematic studies have estimated the electricity footprint of servers and data centres to be 
around 1% of global electricity consumption (Koomey, 2008). A doubling occurred 
between 2000 and 2005; the trend is expected to continue into 2010 (Fichter, 2008). 
Electricity use by communications networks and equipment in the European Union is 
estimated to be around 1.4% of total electricity consumption (Bio Intelligence Service, 
2008).  

At the same time, Internet-based technologies help organisations tackle the energy 
consumption of their IT operations as well as related costs and emissions. Cloud 
computing helps rationalise servers and networks by consolidating computing and storage 
on a system-wide level, e.g. across the federal government. Estimated cost savings by 
initiatives across the US government are estimated to be as high as 50% with the bulk 
coming from lower electricity bills (Brookings Institution, 2010). 

In order to calculate net environmental impacts, all impacts of the Internet must be 
accounted for. On top of direct impacts, studies need to account for the environmental 
benefits of Internet-based applications, e.g. telework that replaces physical commuting or 
digital music that replaces consumption of physical media products (enabling impacts). 
The Internet also brings about changes in lifestyles and acts as a source of information and 
knowledge. Information can be used to orient individuals towards more sustainable life-
styles or to inform policy decisions, e.g. about mitigation and adaptation to climate change 
(systemic impacts). 

At the end of a product’s useful life, consumers can choose to return 
equipment for re-use, recycling, etc. In the European Union, legislation 
is in place that prohibits disposal of electronic equipment in household 
waste. This is to lower burdens on the natural environment when 
household waste is disposed of in landfills or incinerated. Domestic 
electronic waste is becoming a major challenge in emerging and 
developing economies. Little comparable data are available, but recent 
trends are a cause for concern, given the low domestic absorption 
capacity for electronic waste and its sustainable treatment in non-OECD 
countries. Moreover, many non-OECD countries suffer from enforce-
ment issues of strict international limitations on the exports of electronic 
waste. 

Enabling impacts of ICTs (or “second-order effects”) arise from 
ICT applications that reduce environmental impacts across economic and 
social activities. ICTs affect how other products are designed, produced, 
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consumed, used and disposed of. This makes production and consum-
ption more resource-efficient. When assessing “net” environmental 
impacts, issues such as greater use of energy by ICT-enabled systems 
compared to conventional systems must be accounted for. In general, 
ICT products can affect the environmental footprint of other products 
and activities across the economy in four ways:  

Optimisation. ICTs can reduce another product’s environmental 
impact. Examples include embedded systems in cars for fuel-
efficient driving, “smart” electricity distribution networks to reduce 
transmission and distribution losses, and intelligent heating and 
lighting systems in buildings which increase their energy efficiency. 
Dematerialisation and substitution. Advances in ICTs and other 
technologies facilitate the replacement of physical products and 
processes by digital products and processes. For example digital 
music may replace physical music media and teleconferences may 
replace business travel. 
Induction effects can occur if ICT products help to increase demand 
for other products.  
Degradation can occur if ICT devices embedded in non-ICT 
products create difficulties for local waste management processes. 
Car tyres, bottles and cardboard equipped with “smart” tags, for 
example, often require specific recycling procedures.  
Large environmental benefits are possible in major industry sectors – 

e.g. transport, energy, housing – but to be effective, products must be co-
developed and their diffusion well co-ordinated by stakeholders. As 
levels of technology adoption differ across industry sectors and 
individual countries, context-specific analysis is important to determine 
optimal application scenarios for ICTs. OECD governments are 
promoting cross-sector R&D programmes and local pilot projects, 
especially in areas where structural barriers (e.g. lack of commercial 
incentives or high investment costs), may hinder the rapid uptake of 
“smart” ICTs (OECD, 2009b). 

Systemic impacts of ICTs and their application on the environment 
(or “third-order effects”) are those involving behavioural change and 
other non-technological factors. Systemic impacts include the intended 
and unintended consequences of wide application of green ICTs. Positive 
environmental outcomes of green ICT applications largely depend on 
wide end-user acceptance. Therefore, systemic impacts also include the 
adjustments to individual lifestyles that are necessary to make sensible 
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use of ICTs for the environment. ICT applications can have systemic 
impacts on economies and societies in one or more of the following 
ways: 

Providing and disclosing information. ICTs and the Internet facilitate 
monitoring, measuring and reporting changes to the natural environ-
ment. Access to and display of data inform decisions by households 
(e.g. ”smart” meters), businesses (e.g. choice of suppliers, verifying 
“green” claims), and governments (e.g. allocation of emission 
allowances, territorial development policies). Sensor-based networks 
that collect information and software-based interpretation of data can 
be used to adapt lifestyles, production and commerce. For example, 
ICT-enabled research and observation of desertification trends 
provide data for long-term economic decision-making.  
Enabling dynamic pricing and fostering price sensitivity. ICT 
applications form the basis of dynamic or adaptive pricing systems, 
e.g. for the provision of electricity or the trade of agricultural goods. 
Utilities, for example, can choose to turn off non-critical devices at 
customer premises when cheap (and renewable) energy is scarce and 
turn them on again when it is more plentiful. Users can react to price 
signals, e.g. allowing electric cars to charge overnight when electricity 
is cheaply available instead of charging immediately.  
Fostering technology adoption. The “evolution” from desktop PCs to 
laptops to netbooks is one example of changing consumer preferences. 
Digital music, e-mail communications and teleconferencing tech-
nologies are affecting the ways in which their physical counterparts 
are produced and consumed, i.e. recorded music, written letters and 
physical business travel.  
Triggering rebound effects. Rebound effects refer to the phenomenon 
that higher efficiencies at the micro level (e.g. a product) do not 
necessarily translate into equivalent savings at the macro level 
(e.g. economy-wide). For example, nationwide application of a 30% 
more efficient technology does not necessarily translate into energy 
savings of 30%; higher energy efficiencies of semiconductor 
products must be weighed against the overall growth of the use of 
ICT products. “Rebound effects” at the macro level partly offset 
efficiency gains at micro level. In areas such as personal car transport 
or household heating, higher efficiency (or lower price) of a product 
can increase demand in ways that offset up to one-third of the energy 
savings.  
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The smart grid 

ICTs can also help to limit greenhouse gas emissions from the energy 
supply industry, which is responsible for one-quarter of global GHG 
emissions (IPCC, 2007). Electricity production is a major driver of the 
industry’s carbon footprint: over two-thirds of worldwide electricity is 
generated by plants using fossil fuels (IEA, 2009). Rising electricity 
consumption in households, businesses and industry continues to pose 
challenges to OECD countries, but even more to emerging economies: 
growth in final electricity consumption between 2006 and 2007 was 2.2% in 
the OECD area, compared to 8.7% in non-OECD countries (IEA, 2009).  

ICTs and high-speed communication networks are a platform 
supporting innovation throughout the economy today in much the same 
way electricity and transportation networks spurred innovation in the 
past. ICT hard- and software, communications networks (notably the 
Internet) and innovative ICT-based services are the foundation for 
“smart” electrical grids. The smart grid in fact addresses a historical 
information gap between end-users and distributors. Enabling communi-
cation via fast Internet connections provides consumers with information 
on their electricity consumption in real time as well as the overall supply 
and demand situation, allowing them to adjust consumption based on 
price signals. On the utility side, the smart grid allows producers and 
operators to stabilise demand (“peak shaving”) by monitoring consump-
tion in real time and influencing it through technical intervention or 
variable demand-based pricing. These applications of ICTs can help to 
limit greenhouse gas emissions from the energy supply industry, 
responsible for one-quarter of global GHG emissions. 

Besides bridging the information gap, ICTs can more directly 
improve environmental efficiency along all parts of the electricity 
sector’s value chain: energy generation, transmission, distribution and 
consumption. For instance, networked sensors and monitoring applica-
tions could help reduce the amount electricity that is lost during trans-
mission and distribution along the grid, amounting to up to 30% in India 
(Figure 2.8). ICTs facilitate new business models in the energy sector as 
well as new modes of operation from distributed (renewable) energy 
generation, intelligent load management, effective electricity storage and 
large-scale roll-outs of electric cars. 

Smart meters are an essential component of making grids “smarter” 
because they allow for real-time communication between the end points of 
the electricity grid (e.g. residential or commercial premises), the grid 
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operators and other system entities. Intelligent metering devices enable 
enhanced energy operations such as feeding locally generated electricity 
into the grid, turning non-critical appliances on or off depending on energy 
prices and availability (“demand response”) and distributing charging 
times for electric cars efficiently. Finally, smart meters can help 
households reduce their energy consumption, although success largely 
depends on behavioural changes by individuals. Research findings from 
pilot projects suggest that better (access to) information about the use and 
price of electricity can result in energy consumption reductions of up to 
20%. However, customer acceptance of the smart meter is not guaranteed 
as questions about energy and cost savings for consumers, distribution of 
installation costs and potential privacy issues remain to be answered. 

Figure 2.8. Electricity lost during transmission and distribution, selected countries, 2007 
Share of domestic electricity production, percentage 
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Note: OECD countries selected based on gross domestic electricity production (ten largest); plus OECD 
accession country Russian Federation and five OECD enhanced engagement countries (Brazil, China, 
India, Indonesia, South Africa). 

The surge in government and industry activities around the smart grid 
have contributed to strong innovation activities, notably in the amount of 
start-ups, venture capital and M&A activity in this area. In the United 
States, legislation such as the Energy Independence and Security Act
(2007) and the American Recovery and Reinvestment Act (2009) provide 
government support and funding for nationwide modernisation of the 
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electrical grid and stable mid-term prospects for private investors. This 
contributed to continued growth of commercial investments in smart grid 
ventures during 2009, especially in smart metering, energy storage and 
smart grid communications. According to estimates, smart grid-related 
products sold in the United States in 2010 will exceed USD 2.8 billion in 
the categories of advanced metering infrastructures (AMI), distribution 
grid management and automated demand response (Cleantech 2010). This 
accounts for products only and does not include the investments and 
revenues generated from the process of making electricity grids “smarter”, 
i.e. IT consulting and systems integration, applications development, 
provision of value-added services for consumers. It is likely that these 
trends will further stimulate entrepreneurial activity and creation of high 
value-added “green ICT” jobs.  

Other application areas 

ICTs can also be applied in other areas. Transportation planners, for 
example, struggle to understand traffic flows because there are no 
sufficiently robust means to collect traffic data, analyse and model it in 
real time and then pass the results along to all concerned drivers and 
commuters, helping them to alter their routes. Broadband networks and 
access to the resources they provide form the foundation for collecting 
and distributing timely transportation information. This information, 
provided to traffic control systems and delivered to commuters to aid in 
route planning, can help reduce traffic congestion, lower fuel consumption 
and help users avoid accidents. 

Next to climate change, water scarcity and biodiversity protection are 
two key global challenges. According to OECD estimates, almost four 
billion people worldwide will live in areas of severe water stress by 
2030. Since around two-thirds of global water is used for agricultural 
irrigation, increased water efficiencies are required. Smart sensor-based 
networks in agricultural irrigation pilots have achieved water savings of 
up to 70% compared to conventional irrigation. This can be of particular 
relevance to countries such as Australia that have severe water scarcities 
but at the same time are major exporters of water embodied in 
agricultural exports. In more general terms, smart water management 
technologies help monitor and track water qualities and quantities along 
the entire water value chain (treatment, distribution, use, collection, re-
use). Industry analysts see increasing cleantech investor activity 
happening in this area, i.e. firm creation and venture capital funding.  
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Turning to biodiversity protection, ICTs are a critical component for 
observation, modelling and forecasting. Better modelling and forecasting 
methods are critical to understand, for instance, that around 20% of 
global CO2 emissions are caused by cutting and burning of tropical 
forests. ICTs are key to monitoring and reducing emissions from 
deforestation and degradation. Researchers use satellite, airborne and 
ground measurement technologies to gather environmental data. 
However, these technologies are not readily available in developing 
countries – home to most of the world’s tropical forests. Effective 
transfer mechanisms for the application and creation of these 
technologies are therefore needed.  

More broadly, information and communication are pivotal for 
system-wide mitigation of environmental impacts and adaptation to 
inevitable changes in the environment. Individual users and consumers 
can spearhead green and more sustainable growth through informed 
decisions about their consumption. ICTs can provide them with easy 
access to reliable environment-related information about goods and 
services.  

Biotechnology, nanotechnology and technology convergence 

Some other important technologies may also allow progress on 
environmental performance. Like ICTs, biotechnology and nano-
technology may also develop into “general purpose technologies” since 
they can be applied in a broad range of sectors. Individually, advances in 
these technologies are already a source of both radical and incremental 
innovations that provide technological solutions to GHG emissions and 
other global challenges.  

Biotechnology is a set of technologies that can help address not only 
climate change mitigation but a range of other social and global 
challenges. Industrial biotechnology, in particular plays an important role 
in delivering eco-efficiency. Nanotechnologies for energy production, 
storage and distribution and for water management offer a wide range of 
environmental benefits under the proviso that potential safety issues are 
being addressed at the same time as the technology is developing. The 
following sections provide an indication of the specific contributions 
these technologies may bring to meeting a range of green growth 
objectives.  
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Biotechnology as a source of radical innovation  

Many areas of biotechnology have the capacity to spur green 
innovation and help entire industries to reduce their GHG emissions as 
well as reduce dependence on fossil fuels. Examples include the use of 
bio-based plastics and next generation biofuels such as cellulosic 
biofuels, derived from wood, grasses, or the non-edible parts of plants 
and alga biofuels. According to a recent study, “the full climate change 
mitigation potential of industrial biotechnology ranges between 1 billion 
and 2.5 billion tons of CO2 equivalent per year by 2030, […]” (WWF 
Denmark, 2009). Biotechnology also offers opportunities for “greening” 
individual industries such as the chemicals industry (responsible for 
about 16% of direct industrial CO2 emissions), materials and energy 
sectors. Estimates suggest a 13 to 16% improvement in energy efficiency 
for energy and feedstock use is achievable if best available technologies 
are applied. 

Besides the environmental benefits from the use of biotechnology in 
primary production and industrial processing, biotechnology can be 
applied in the environmental services sector to repair or monitor 
environmental conditions in areas such as environmental remediation,7
especially in the clean-up of heavy metals and chemicals; pre-treatment 
for chemicals or fuels to reduce the presence of certain harmful 
compounds; wastewater and water purification for waste management 
and bio-monitoring (OECD, 2009c). However, despite the important 
potential of environmental biotechnology, there is very little public and 
private R&D in this area and levels of public sector funding remain low. 

One of the challenges for policy makers to promote further 
investment in biotechnology is adapting the current configuration for 
basic research funding and pre-commercial development. There is a large 
amount of high technology development in the biotech pipeline but 
translating the pilot projects into new products, process or services is 
held back by the lack of follow on investment. One of the problems 
behind the lack of investment for development and deployment is the 
lack of economic frameworks to assess the socio-economic benefits of 
new biotechnologies that are still in the R&D or pilot phase.  

Another challenge relates to the need for technology platforms for 
enabling technologies like synthetic biology or genomics that can lead to 
radical innovation. By targeting research around platforms rather than 
specific technologies, the markets pick the most successful product. This 
implies a need for co-operation and co-ordination of these activities 
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across different research agencies as well as the underlying soft and hard 
infrastructure, much of which must be built involving public-private 
partnerships, including at international level.  

Environmental biotechnology can also play an important role in 
“green growth” owing to its significant potential in such areas as 
environmental remediation, especially in the clean-up of heavy metals 
and chemicals; pre-treatment for chemicals or fuels to reduce the 
presence of certain harmful compounds; wastewater and water 
purification for waste management and bio-monitoring; and delivery of 
value-added biomass as well as more potentially far reaching applica-
tions such as carbon sequestration and other environmentally friendly 
biotechnologies. 

The role of green chemistry: Combining biotechnology and nanotechnology with 
chemistry 

Green chemistry is another area of innovation which can spur green 
growth. Green chemistry aims to promote the design, manufacture and 
use of efficient, effective, safe and more environmentally benign 
chemical products, materials and processes throughout their life-cycles. 
This includes important technologies such as nano- and biotechnologies 
which are giving rise to a number of applications with more environ-
mentally efficient outcomes in the areas of energy production, consumer 
goods, agricultural crops, and information and communication techno-
logies, which have the potential to address major environmental concerns 
or help to adapt to changing environmental conditions (e.g. due to 
climate change). The trend towards a green chemistry also stimulates 
innovation across all sectors to design and discover new chemicals, 
materials, crops, production processes, and product stewardship practices 
that will provide increased performance and value while meeting the 
goals of protecting and enhancing human health and the environment. It 
also aims at assessing the potential risks that new chemicals and 
materials could bring (i.e. use of potentially toxic nanomaterials) and 
identifying applications of new materials which will lead to environ-
mental benefits.  

Based on a recent survey of patent data, some tentative conclusions 
as to the role of public policy in inducing innovation in selected areas 
emerge; however, caution should be taken at this time in identifying a 
firm causal link between public policy and innovation trends. In some 
cases, like TCF pulping, it appears that public concerns about chlorine 
bleaching may have led to changes in technology before regulations took 
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effect. In other cases, the effect of new policy seemed to have a more 
obvious impact, such as following the introduction of the German 
packaging ordinance in 1989 and the subsequent take-off of patents of 
biodegradable packaging. 

A survey of barriers and drivers of sustainable chemistry innovation 
in industry is currently under way and should help to put these tentative 
findings on a firmer foundation as well as identifying further 
mechanisms that support sustainable chemistry innovation that could be 
used in policy making. An important aspect of the work is to explore 
applications involving the use of nanomaterials from the perspective of 
life cycle assessment, that is to say, the implications of the use of such 
nanomaterials from their production and use through to waste disposal.  

Nanotechnologies 

The application of nanotechnologies also offers substantial potential 
to contribute to green growth (Box 2.4). The range of applications is 
extremely broad including clean car technologies and materials, to 
environmental sensing and remediation, batteries, building materials and 
technologies and water purification. Nanotechnologies are developing 
rapidly and are increasingly used in a variety of products and industries, 
and are influencing environmental protection and socio-economic 
development. 

Nano-enabled applications may directly address environmental 
challenges such as water purification and renewable energy production/ 
storage or indirectly deal with environmental targets by improving eco-
efficiency. For example, nanotechnology is emerging as an important 
enabling technology in water systems. Indeed, nanotechnology has been 
in use as a conventional approach to water treatment for many years. 
Notably, nanotechnology can enable more radical innovation for the 
outgrowth of new companies and industries, especially when it 
converges with other technologies such as ICTs and biotechnology. 8

Nevertheless, it is important to consider that the wide range of 
applications of manufactured nanomaterials also have a variety of 
unquantified and unverified risks (e.g. environmental, health and safety 
risks from the release of nanoparticles into the environment and health 
concerns for workers and consumers). The OECD is working with 
regulators to clarify the risks.  
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Box 2.4. Examples of nanotechnology applications contributing to green innovation 
• Environmental sensing: nanotechnology-based environmental sensors, sensors/ 

detectors used to trace or identify nanomaterials in the environment. 
• Clean car technology: nano-catalyst particles in novel dispersions, electrochemical 

reactors for NOx and PM decomposition, clean power generation by fuel cells. 
• Cellulose nanofibers: bacterial cellulose as a building block for novel materials, bio-

nano composite. 
• Site remediation: nanoscale Zero-Valent Iron used for site remediation (soil/ground 

water). 
• Better batteries enabled by nanotechnology: CNTs for lithium-ion batteries as additives, 

nanostructures, zero-emission advanced battery manufacturing for electric vehicles. 
• Agricultural nanotechnology: sensors in many applications (bacteria in food, plant 

health monitoring, soil quality and pollution identification), filtration/purification for 
air/water applications, energy storage and PV, fibre production, soil stabilisation, slow 
release nanofertilizers, encapsulated pesticides. 

• Greener nanoproducts: light-emitting diodes (LEDs), self cleaning and longer-lasting 
coatings, nano-coatings for energy conservation and generation, nano-coatings in 
buildings. 

Source: These examples were extracted from the OECD Conference on Potential Environmental Benefits of 
Nanotechnology: Fostering Safe Innovation-Led Growth (July 2009)

Technology convergence and the challenge of system complexity  

In the longer-term, however, the true potential of these GPTs for 
green innovation will come from the convergence of nanotechnology, 
biotechnology and ICT. Most technological progress over the next 
century will require the use of converging technologies. Not only does 
convergence provide opportunities for wider applications of general 
purpose technologies but it also potentially increases the returns to 
public and private R&D. Therefore, from a policy perspective, setting 
the right incentive mechanisms to stimulate investment and the diffusion 
of these new emerging and converging technologies will be crucial to 
meeting the global challenges of climate change, energy, water or food 
security while generating positive spill-overs for society.  

Fostering knowledge diffusion and value creation 

As discussed in the OECD’s Innovation Strategy, the development of 
markets and networks for knowledge is particularly important to diffuse 
knowledge and can improve the efficiency of the diffusion process by 
reducing transaction costs. Ad hoc markets exist for intellectual property 
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that can be codified, such as patents, databases, designs, trademarks and 
copyrights which can help to facilitate knowledge diffusion, but the 
sporadic and thin nature of these exchanges limits the development of a 
true market. This is even more the case for knowledge that is more tacit 
or secret, such as knowledge about research failures, access to networks 
and the organisation of complex systems. Public policy should 
endeavour to support the formation of these knowledge networks and 
markets through existing policies that grant rights on intellectual 
property, by exploiting the knowledge that government possesses and by 
encouraging standards development. 

The development of fully functioning knowledge networks and 
markets could have significant impacts on innovation efficiency and 
effectiveness. Some emerging good practice exists (for example, in 
networking R&D for emerging infectious diseases) but significant scale-
up is required. Governments can play at least three important roles: first, 
by underpinning the development of a knowledge networking infra-
structure; second, by implementing measures to share public-sector 
knowledge, such as the OECD Guidelines on Access to Research Data 
from Public Funding (OECD, 2007); and third, by fostering the 
development of collaborative mechanisms and knowledge brokerages to 
encourage the exchange of proprietary knowledge, ensuring a fair return 
on investments made. 

An important contributor to building such networks and markets is 
the ability to own certain kinds of knowledge, as recognised by 
intellectual property rights. IPRs provide an important incentive to invest 
in innovation as they help firms to recover their investment costs. Patents 
are particularly important for small firms, as they can facilitate entry into 
new markets and enable competition and collaboration with other firms. 
IPRs should be well protected and appropriately enforced. Weak 
protection of IPRs undermines incentives to invest in innovation, 
facilitates counterfeiting and piracy, reduces the potential for technology 
transfer and limits the formation of markets for knowledge. 

However, the protection of knowledge needs to be combined with 
policies and mechanisms that facilitate access and transfer. Excessively 
strong IPR may hamper the appropriate use of protected knowledge. It 
can also discourage follow-on research as well as research in adjacent 
areas, to the detriment of both competition and innovation. 

To encourage innovation and the diffusion of knowledge, IPR 
regimes should be of high quality. Patent systems need to be properly 
tailored to ensure the proper balance between incentives for innovation 
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and the public benefit that flows from dissemination of the knowledge 
into the marketplace. Competition authorities play an important role in 
ensuring that patents are not used anti-competitively. 

Technology transfer at the international level 

Ensuring a wide diffusion of green technologies will be as important 
as their invention, in particular in addressing global environmental 
issues. The speed of deployment of, for example, existing low-carbon 
technologies will partly determine the global costs of climate-change 
mitigation and adaptation. 

International transfers of green technology still occur primarily 
between developed countries (see Table 2.1). Recent data, however, 
indicate that transfers in green technologies from OECD to non-OECD 
countries have been increasing over the past years. China alone accounts 
for three-quarters of the climate-mitigation transfers from OECD to non-
OECD countries. There is also significant potential for greater exchange 
among non-OECD economies, particularly since technologies from 
emerging economies may be better tailored to the needs of developing 
countries (Dechezleprêtre et al., forthcoming). 

Table 2.1.  Origin-destination matrix: Distribution of exported climate-mitigation 
inventions, 2000-05 

Destination 
Origin OECD Non-OECD 

OECD 73% (77%) 22% (16%) 

Non-OECD 4% (6%) 1% (1%) 

Note: As a benchmark, the table displays in parentheses, the flows for technology transfers overall. 

Source: Dechezlepretre et al. (2011). 

Adoption of sound environmental policy plays an important role in 
driving international technology diffusion, as it contributes to the 
creation of markets for eco-innovations and provides firms with the 
incentives to acquire new technologies. Indeed, industrialised countries 
with more advanced environmental regulations have attracted more 
technology transfers.  
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However, the lack of strict environmental policy in developing 
countries is not the only explanation for the lower rates of environmental 
technology transfer to these countries as there is a similar pattern of low 
diffusion for all technologies. More general factors such as openness to 
trade and foreign direct investment, the quality of the IPR system, and 
local absorptive capacities (e.g. human capital) also help to explain why 
technology diffusion is concentrated in developed countries.   

Technological development, adoption and transfer are at the core of 
current discussions surrounding the post-Kyoto agreement. Indeed, the 2007 
Bali Road Map cites technology development and diffusion as strategic 
objectives, thereby inciting a debate on appropriate policies and the role of 
facilitating mechanisms, such as the Clean Development Mechanism 
(CDM). On-going work (Haš i  and Johnstone, 2009) finds that host 
country involvement in the CDM has encouraged the transfer of climate 
change mitigation technologies. However, and not surprisingly, the role of 
CDM in encouraging such transfers is relatively small in relation to other 
factors. In particular, domestic absorptive capacity appears to play a 
predominant role – those countries with high domestic technological 
capacity are more likely to import technologies from overseas. 

Since technology transfers take place through market channels such as 
trade, FDI or licensing, they occur more frequently between open 
economies. Numerous tariff and non-tariff barriers to trade in green 
technologies remain in place, however, which inhibit their free flow 
(Steenblik and Kim, 2009). In some developing and emerging economies, 
high import tariffs on energy-consuming goods, like air conditioners and 
refrigerators, combine with subsidized electricity prices to encourage 
consumers to favour appliances that are cheap to buy but relatively 
inefficient to operate.

Lowering barriers to trade in services is also important. Deployment of 
climate-change mitigation and adaptation technologies often depends on the 
availability of specialised services, including those imported from other 
countries, notably business services, construction, environmental and energy 
services. Foreign investment is also important and responds to a healthy 
business environment that includes adequate governance and economic 
institutions.

Tension can arise between technology diffusion and maintaining 
appropriate incentives for investment in innovation which is aggravated by 
the desirability of transferring clean technologies to emerging countries 
before they proceed to invest massively in potentially dirty technologies. 
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IPRs provide an important incentive to invest in innovation by allowing 
firms to recover their investment costs.  

Empirical evidence suggests that effective IPR protection is a means to 
promote technology transfer towards developing countries when foreign 
technology providers face the threat of imitation by local competitors 
(Maskus, 2000). Along the same lines, stronger IPR protection encourages 
FDI and licensing, which induces technology transfer that goes beyond the 
mere export of equipment or goods.  

More generally, there is strong evidence that countries need absorptive 
capacities in order to successfully adopt foreign technology (Haš i  and 
Johnstone, 2011). The higher the level of domestic human capital the higher 
the level of foreign technology transfer, as well as the local spillovers from 
trade and FDI. This highlights the importance of long term education and 
capacity building policies in promoting technology transfer. 

To diffuse green technologies to the least-developed countries, 
multilateral action might also be considered to reduce the cost of green 
technologies for these countries, e.g. by covering licensing fees, or even 
buying out patents on key technologies. Experience in other areas, such 
as health, shows this can work if well designed and involving the private 
sector from the beginning. Enabling all countries and firms to build more 
systematically on the knowledge resulting from basic research 
undertaken by public institutes would also help.  

The role of demand-side policies9

Opening markets for competition and using economic instruments 
such as carbon taxes and tradable permits are all approaches that 
governments can use to strengthen the role of markets and business for 
innovation. Demand-side innovation policies aim to address other 
perceived failures related to markets for innovation (Edler and 
Georghiou, 2007), namely problems related to the introduction and 
diffusion of innovations. These include: information asymmetries 
between producers and consumers; lack of interaction between producers 
and users; high costs of switching to new technologies; and high entry 
costs, especially in areas with important network effects. The key 
instruments currently being considered to address these issues include 
regulation, standards and public procurement. 

Specific policy rationales pertain to individual demand-side instru-
ments. For example, innovation-oriented public procurement can be 
designed to help foster markets for new products and services, and 
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counter gaps in the supply of finance at the early stages. Public 
procurement can also be structured to help offset biases against SMEs in 
public procurement. And procurement processes can help accelerate the 
emergence of technologies for which there is an urgent time-bound 
societal need. By contrast, the rationale for government action in the area 
of technical standards is somewhat different, corresponding to public-
good characteristics possessed by such standards. To be efficient, 
demand-side policies should clearly target specific market or systemic 
failures and their objectives, and impacts should be regularly evaluated. 

Even before the recent financial crisis, efficiency considerations 
were becoming increasingly important for governments in evaluating 
their policy mix to support business innovation. This is potentially 
another reason for the growing interest in demand-side policies. Well-
designed demand-side policies may potentially be less expensive for 
governments than direct support measures and are not directed at specific 
firms, but reward innovation and efficiency.10 Thus far, however, 
relatively little is known about their impact or effectiveness in fostering 
innovation and achieving public policy objectives. 

Although demand-side policies have received increased attention in 
recent years, their role in the full portfolio of government policies on 
innovation remains relatively marginal (although several of these 
instruments play a more important role in environmental policy). The 
rationale for these policies is linked in general terms to the need to 
stimulate innovation in areas where societal needs are pressing 
(e.g. health, environment) and where government action can complement 
market mechanisms with, ideally, minimal financial outlays. 

(Smart) regulation and innovation 

Regulation is often also regarded as a tool to spur innovation. For 
example, the Promotion of Renewable Energies Heat Act (2009) in 
Germany stipulates that owners of newly-constructed buildings must use 
renewable energies. Moreover, building owners who use particularly 
efficient innovative technologies, or that have low emission figures, will 
receive public support. The impact of regulation on innovation is not 
straightforward à priori, however, and often depends on specific 
characteristics of the market. The design of regulations is also important  
(OECD, 2008; Johnstone, et al., 2010); they should be sufficiently 
stringent to encourage innovation; stable enough to give investors 
confidence; flexible enough to foster genuinely novel solutions; be 
closely targeted on the policy goal; and provide incentives for continuous 
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innovation. Regulations can play this role in certain markets, but are 
typically a second-best solution to market-based instruments. 

Regulation, as other demand-side policies, also poses challenges. 
Poor regulation, for instance, is known to have detrimental economic 
consequences. This is complicated by the fact that the effects of 
economic regulation on innovation – and the timing of these effects - can 
be complex and ambiguous a priori. Moreover, the effects of regulation 
on innovation are likely to be highly technology and industry specific, 
which implies a need for significant industry-specific intelligence among 
policymakers when framing innovation-oriented regulations. Such 
intelligence also relates to the need to assess the appropriateness of 
regulatory policy in terms of whether the market would introduce the 
right level technology in the absence of the regulation. Indeed, all 
demand-side policies should consider whether the action undertaken is 
efficient from a market perspective and whether it improves social 
welfare. 

A further critical consideration is that even in cases where regulation 
spurs innovation, regulation-based policy might be cost-ineffective 
overall. Other less costly means might be employed to achieve the same 
goal, and conflicting regulatory goals might also exist. This underscores 
the importance of performing cost benefit analysis on key regulatory 
decisions. Indeed, innovation is usually not among the key objectives of 
regulators. The policy focus has typically been on avoiding regulatory 
burdens, rather than on the targeted use of regulation to allow the 
emergence of new technologies.  

Standards and innovation 

There are multiple routes through which standards can affect 
innovation and other economic outcomes (OECD, 2011c). Standardisa-
tion helps create critical mass in the formative stages of a given market. 
Standards can focus demand for innovations that might otherwise be 
spread over multiple technical solutions. Standards are especially 
important in network industries, such as ICTs, in that they can facilitate a 
critical mass of users. In this connection, standards ease the emergence 
of technological platforms - independently supplied yet inter-operable 
components with shared technical standards. Many successful platforms, 
such as the Internet and the cellular telephone, are based on open 
standards. Swann (2000) provides a comprehensive review of the 
literature on standards, which includes evidence that successful 
standardisation can have some of the following effects on innovation: 
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Standardisation drives innovation because innovation requires 
competition and competition requires interoperability. Successful 
standards facilitate that interoperability.  
Standardisation can increase trade. 
Standardisation codifies and diffuses information on technology and 
best practice. By setting ground rules, common terminology, 
development methods and measurement techniques, standards enable 
the diffusion of innovation. Publicly available standards in particular 
have a potentially powerful effect on the dissemination of informa-
tion about technology, from both domestic and international sources. 
In some markets - such as automotive parts supplies, flat screen TVs 
and mobile telephony – quality certification and consumer safety 
rules play an important role in shaping demand and the diffusion of 
innovations. 
Standardisation reduces risks for producers and consumers. For 
instance, standardisation of measurement helps producers of 
innovations demonstrate innovative traits to consumers. And 
standards lower the risk of investing in a redundant technology.   
Standardisation reduces transactions costs between producers and 
between producers and consumers. 
Standardisation may protect against situations in which high-quality 
producers are driven out of the market by low-quality producers 
because information is not fully available to consumers on the 
quality content of their output (Gresham’s law). 
Standardisation may efficiently reduce unnecessary variety among 
products (in construction, for instance, there might be no need for 
production of a continuous variety of steel girder widths). 
The public sector’s role with respect to standards largely involves 

measures to include under-represented groups in the process of 
developing standards, and subsidisation of teams drafting international 
standards. Unlike regulation, the setting of standards is mainly the 
responsibility of industry bodies – with government acting as facilitator 
or co-ordinator. However, procedures in standards bodies can be slow 
and bureaucratic and can be held up by large players, which raises the 
important issue of timing (OECD, 2011c). If standardisation is introduced 
too early it could shut out better technologies. But if standardisation occurs 
too late then the costs of transition to the new standard could be high 
enough to slow or prevent diffusion. If product life-cycles are shortening, 
the issue of timing is likely to increase in importance.  
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Technical specifications like safety and environmental requirements 
or performance measurement methods incorporated in the standards 
could encourage the development of new technologies and products by 
reducing the uncertainty regarding courses of innovation and improving 
consumer acceptance through reducing potential risks. The government 
can facilitate or co-ordinate the national and international standardisation 
process by measures to include under-represented groups in the 
development process, which is a voluntary process that may involve 
industry, consumers and other stakeholders. As technologies are 
becoming more multi-disciplinary and converging, the establishment of 
co-ordination bodies and the development of the standardisation 
roadmap would be effective to ensure timely delivery and to avoid 
overlap. 

With regard to green innovation, the standardisation of technical 
specifications for multi-disciplinary and converging technologies is the 
key to accelerate their successful deployment. Because some business 
models on green innovation are still emerging, government engagement 
in the standardisation process can be a catalyst for involvement of 
relevant stakeholders into the standardisation process.  Developing a 
common set of well-designed specifications, such as on the 
interoperability of smart grids and on connections between electric 
vehicles and the charging infrastructure, could contribute to developing 
the market and stimulate private investment by avoiding the emergence 
of different technology formats. For example, the National Institute of 
Standards and Technology (NIST), an agency of the US Commerce 
Department, co-ordinates a Smart Grid Interoperability Standards Project 
with the aim to identify and develop standards critical to achieving a 
reliable and robust smart grid. NIST is conducting the project in three 
phases: identifying applicable standards, gaps in available standards and 
priorities for developing new standards or revising existing standards; 
establishing a formal private-public partnership to drive long-term 
progress; and developing and implementing a framework for testing and 
certification. 

Public procurement and innovation 

Demand-side policies typically imply a lead role for the public 
sector. However, the public sector is not always best placed to support 
the innovation process, and new capacities may need to be developed 
(OECD, 2011c). For instance, as regards public procurement, despite 
considerable policy interest, the traditional focus on value-for-money as 
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well as the problem of fragmentation of public demand (often between 
different levels of government) can limit potential scale effects for 
innovative procurement. In many countries numerous sub-national units 
of government play important roles in the public procurement market. 
This in turn creates challenges in terms of governance, co-ordination and 
strategic planning. Furthermore, many agencies with responsibilities for 
public procurement operate separately from line ministries or 
government agencies with a remit to foster innovation. Technical 
expertise in the respective fields of innovation may be lacking in the 
procurement bodies. 

The public sector is one of the largest consumers (e.g. approximately 
16% of GDP in the EU-15 is spent on public procurement) and therefore 
is a key source of demand for firms, particularly in such sectors as 
construction, health care and transport. Green or sustainable public 
procurement has been promoted by many OECD countries since the 
1990s as part of environmental policy. However, it has not been 
mainstreamed as expected owing to the higher costs or longer payback 
periods of many green products and services, lack of relevant knowledge 
and technical expertise among procurement officers, and concerns over 
potential distortion of fair competition (OECD, 2010b). 

Many firms do not see public procurement as a relevant source of 
business, however, which implies that the scope of policy can be limited. 
Capacities may need to be enhanced in order to mitigate risks associated 
with procurement of innovation, such as technological risks, organisa-
tional and societal risks, and specific market risks. 

For many years, public procurement was not clearly considered as a 
key means of leveraging innovation or as part of innovation policy, 
except in a few areas. Many agencies with responsibilities for public 
procurement operate separately from line ministries or government 
agencies with a remit to foster innovation. As attention to demand-side 
policies gradually increases, however, some governments have started 
highlighting procurement as a way to spur innovation. For example, the 
EU published in 2007 a Guide on Dealing with Innovative Solutions in 
Public Procurement. Edler and Georghiou (2007) argue for three key 
rationales of applying public procurement as innovation policy tools: to 
generate or maintain effective demand for new goods and services; to 
address structural failures and inefficiencies affecting translation of 
needs into functioning markets for innovative products; and to raise the 
quality of public infrastructure and services through up-to-date solutions. 
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Despite there being some articulated strategies that underpin the 
importance of public procurement for driving innovation, such as the 
EU’s Lead Market Initiative, the actual development of innovation-
oriented green public procurement activities has been rather limited to 
date. One exception is the UK government’s application of a “forward 
commitment” model. With this model, procurers agree with suppliers to 
purchase a product or service that currently does not exist, at a specified 
future date, providing it can be delivered at agreed performance levels 
and costs. It aims to address the lack of demand pull for innovation and 
to stimulate the development of new technologies and products by 
providing the market with advance information on future needs in 
outcome terms. This model has been applied in a few environmental 
areas such as the development of energy-efficient lighting by the 
National Health Service (NHS). Another recent example is the launch of 
a procurement funding instrument in Finland in June 2009, intended to 
provide incentives for promoting innovation through public procure-
ment. Public procurement units and public utilities (at central and local 
level) can apply for funding for public procurement of innovations at 
TEKES. The funds can be used both for the planning and R&D stages. 
External advisors can be utilised in the planning stage (e.g. in legal, 
commercial and technological as well as user experience issues) in order 
to support the procurement process. 

In the implementation of innovation-oriented public procurement, 
environmental criteria can be integrated in the technical specifications or 
the contractual parameters as part of the criteria for the best value for 
money. Yet, such innovation goals must be balanced against the need for 
competition, transparency and accountability in public procurement. 
OECD countries should adhere to national competition and public 
procurement rules as well as related international standards and obliga-
tions (e.g. the WTO Government Procurement Agreement). Govern-
ments also need to take measures to avoid the dominance of large 
players, sourcing competitively from different firms and providing 
opportunities for SMEs.  

Price incentives 

An increasing number of governments are also introducing consumer 
subsidies and other pricing measures, based on the belief that such 
intervention can trigger diffusion of innovations. These instruments 
could help increase market certainty, ultimately encouraging investors to 
proceed with further investment in R&D, product development and mass 
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production. Largely, two different types of financial instruments are 
applied to guide private demand: incentives to targeted products (through 
direct payments or tax credits) and disincentives on products considered 
undesirable. 

In markets for consumer products such as cars, houses and electric 
goods, many governments are implementing pricing schemes to support 
the green market. While most policies are based on subsidies that involve 
large budgetary costs, the French government’s bonus-malus programme 
which was introduced for personal cars in 2007 is unique in its policy 
design in providing rewards to consumers buying cars with low CO2
emissions and penalties for those buying cars with high emissions 
(Table 2.2). 

Empirical studies show that such financial incentives are only 
effective and successful when the target technology has learning effects 
in a certain range. When learning effects are too low, the incentives 
would fail to trigger the adoption of the target technology. When 
learning effects are too high, the incentives would not be necessary as 
the diffusion would happen anyway (Cantono et al., 2009). This implies 
that such instruments are highly dependent on the knowledge and 
information available to policy makers on future market developments. 
Kalish and Lilien (1983) argue that if the target product is unlikely to be 
economically competitive at some point in the future, the use of 
incentives should not be supported. Financial incentives can be effective 
in cases where other instruments would be difficult to implement or very 
costly to enforce and when the product being supported is a good 
substitute for the dirty product. However, any such incentive should be 
time-bound. 

Table 2.2. Share of new cars registered in France, 2006-09 

gCO2/km 2006 2007 2008 2009 

“Bonus” <60 – 130 31.0% 30.4% 44.7% 55.5% 

Neutral 131 – 160 43.4% 45.3% 41.3% 35.6% 

“Malus” 161 - 250< 25.6% 24.2% 14.0% 8.9% 

 Source: FCA-Calculs CGDD. 

Results from the analysis of a survey of over 10 000 OECD 
households indicate that investments in energy-saving and water-saving 
appliances, as well as the adoption of conserving behaviour increase 
significantly with metering and pricing of energy and water (OECD, 
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2010e). For instance, households with metered (and priced water) 
consume 20% less water than those for whom water is not priced on a 
marginal basis.  

General principles of demand-side policies for green innovation 

Overall, demand-side policies are systemic in nature and this implies 
that policy measures need to be closely articulated with supply-side 
incentives, as supply restrictions could potentially jeopardise some 
demand-led measures. Matching supply with demand requires building 
bridges along the value chain and this takes time. Certain policies, such 
as public-private partnerships, clusters and innovation platforms, as well 
as lead-market initiatives, combine supply and demand policies. Thus 
far, there has been little empirical work on the process through which 
these demand-side and supply-side innovation measures interact and 
their impact on the development and diffusion of green technologies and 
innovation in particular. 

Demand-side policies also need to be well-designed as behaviour of 
consumers and innovators is one of the most important factors that 
influence their effectiveness. According to a study on the impact of 
financial incentives to hybrid vehicles, for example, incentives in the 
form of tax waivers appear to have had higher impact than rebates or tax 
credits, as tax waivers affect the up-front cost that the consumer has to 
pay for the products while other incentives take longer time to gain 
benefits (Diamond, 2009).  

A recent set of case studies reviewed in OECD (2011c) reflect the 
growing interest in demand-side policies in several OECD countries. 
These also show that demand-side innovation policy measures, with the 
exception of SME procurement of innovation, are often still at a pilot 
stage. The lack of evaluation still makes evidence-based policy-making 
in this area challenging. Therefore, better data evidence and adequate 
evaluation metrics and methodologies are important to identify 
successful demand-side measures and to scale them up to larger scale 
initiatives.  

The general principles and recommendations for demand-side 
innovation policies stemming from that report and from the evidence 
provided by the case studies are the following: 



2. FACTORS AND POLICIES DETERMINING GREEN INNOVATION – 93

FOSTERING INNOVATION FOR GREEN GROWTH – © OECD 2011 

Government should assess the rationale and opportunity for policy 
intervention.  
Policies to foster demand for innovation need to consider market and 
sectoral issues. 
Scale, timing and duration of policies to foster demand need to be 
determined carefully and address the risks of protectionism, large 
player dominance and technological lock-in.  
Demand-side policies need to be matched and combined with 
adequate supply-side policies and measures. This will require 
mechanisms to enhance government co-ordination and stakeholder 
involvement.  
A large potential exists to boost demand for innovation by increasing 
the innovation capacity of the public sector to meet social and even 
global challenges.  
Adequate incentives and regulatory frameworks can help foster 
innovative public procurement in line with good governance, 
transparency and accountability. 
Mobilising public administrations in favour of innovation – through 
supply-side or demand-side measures - requires establishing strong 
incentives, administrative reform, and upgrading of human resources. 

Facilitating behavioural change - the role of consumer policies 

The preceding section describes some of the measures that can be 
taken to promote and support innovation for green products. This section 
looks more closely at what can be done to engage individual consumers 
more effectively in such efforts. It is an area that warrants careful 
consideration as consumers collectively account for more than 60% of 
final consumption in the OECD area. The purchasing decisions that they 
make therefore have major impacts on the extent to which markets can 
work to promote innovation for green growth. Their ability and willing-
ness to do so depend in large measure on:  

The economics of making “greener” choices, and the supporting 
infrastructure that can be put in place to support such choices.  
The quality and reliability of the information that is available on the 
environmental attributes of products; good information is essential to 
informed decision making. 
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The knowledge consumers have of: i) environmental issues; ii) the 
environmental impact of their consumption and lifestyle decisions; 
and iii) of the practical actions that they can take to support 
sustainability goals.  
The level of commitment to supporting green objectives. 
The impact that behavioural biases have on the decisions and actions 
taken by consumers and households.  
Industry, governments and civil society, acting individually and/or in 

partnership, can play an important role in creating an enabling 
environment, in which consumers are provided with the information and 
tools needed to make greener purchasing choices and adopt more 
sustainable lifestyles. 

In this respect, recent work carried out by the OECD suggests that, 
while economic instruments are powerful tools, other “softer” 
instruments can complement economic measures in highly effective 
ways. These “softer” instruments are proving to be more significant than 
earlier assessments of policy instruments have found (OECD, 2011d);
they therefore need to be given close attention in developing more 
comprehensive strategies for influencing consumer and household 
behaviour in environmental areas.  

Below is a summary of the types of economic and complementary 
policies that can be pursued to promote changes in consumer behaviour 
that would better support markets for greener products.  

Developing a supportive economic environment 

Introducing effective economic instruments 

Economic instruments can be powerful tools for influencing 
consumer decisions, as they can be used to provide incentives for 
consumers to buy greener products.  As discussed above, additional 
taxes on automobiles that consume fuel at high levels, for example, have 
been used to discourage their sale, while subsidies, such as reduced taxes 
or tax credits, have been used to increase the attractiveness of more fuel 
efficient vehicles. 

In addition to taxes, governments can also use grants and subsidies to 
influence consumer behaviour and to protect and conserve the environ-
ment, while at the same time creating opportunities for environmental 
innovation, investment, employment and green growth. The Japanese 
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“eco-point” system aimed at rewarding purchases of energy-saving home 
appliances and vehicles is a case in point (OECD, 2010f).

Policy-makers, however, should carefully consider all factors and 
anticipated outcomes relating to the implementation of financial 
instruments (e.g. taxes, subsidies and fines) when aiming at influencing 
stakeholders’ behaviour, that, if misapplied, could distort competition 
and undermine consumer interests.  

As governments promote strategies to encourage more environ-
mentally sustainable consumption patterns, the findings from a recent 
OECD survey of 10 000 households in ten OECD countries (OECD, 
2011d) confirm the importance of providing the right incentive to spur 
behavioural change. In this respect, the survey shows that price-based 
incentives have encouraged energy and water savings. For instance, 
households charged for their consumption on a volumetric basis were 
found to consume approximately 20% less water than those who are not 
charged. In addition, consumers are more likely to install water-efficient 
equipment at home.  

Tailoring policies to take markets’ characteristics into account 

Many of the markets in which household consumption patterns are 
particularly environmentally-sensitive are subject to important 
“secondary” market failures and barriers. In such cases, it can be 
efficient for policy makers to introduce complementary policy measures 
when market barriers and failures discourage particular investments. For 
instance, the benefits of investing in insulation are likely to be much less 
for tenants than owner-occupiers. In rental properties landlords will have 
few incentives to undertake such investments since these primarily 
benefit the tenant through lower energy bills. Similarly, tenants will have 
little incentives to invest in a property they do not own, in particular if 
they are not planning to occupy it for a long period of time. Government 
interventions in the rental market can alleviate such barriers.  

In addition, many choices made by households with respect to 
environmentally-sensitive goods are undertaken against a backdrop in 
which the public sector plays an important role, whether as service 
provider or regulator (e.g. of natural monopolies or network industries). 
While encouraging household demand for environmental quality through 
prices and information is key, the role of the public sector in affecting 
the supply of environment-related public services to households can be 
an important complement. Measures such as collection services for 
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recyclable materials, the provision of public transportation, or the 
characteristics of electricity supply clearly matter.  

Indeed, evidence based on the 2008 survey indicate that demand-side 
measures tend to have a more significant effect on individual behaviour 
when implemented in combination with investments in environment-
related services. For instance, the survey findings confirm that access to 
public transport has an impact on people’s car ownership and how many 
kilometres they drive. Furthermore, the presence and quality of collection 
services for recyclables is found to increase recycling participation and 
intensity, and recycling levels are highest when households have access to 
door-to-door collection services and waste is priced on a volumetric basis 
(OECD, 2011d). 

Restricting the sale of unfavoured products 

Restrictions or prohibitions on the sale of products are one of the 
strongest policy instruments that governments can use. They can concern 
goods and services or practices (e.g. misleading and deceptive conduct). 
The phasing out of popular incandescent light bulbs in many countries in 
favour of higher priced fluorescent and LED lamps is a case in point. 

Enhancing the quality and reliability of information 

Access to high-quality, reliable information in which consumers can 
have confidence is key to strengthening markets for environmentally 
friendly products. Such information has value for and is being used by 
consumers, albeit to varying degrees in different countries (Figure 2.9).  

Stakeholders have achieved much with respect to enhancing the 
value and effectiveness of information through the development of a 
wide array of instruments, which include disclosure guidelines, regula-
tions and other tools that are aimed at improving transparency and 
quality of information.  
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Figure 2.9. Recognition and use of eco-labels 
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Ensuring the quality of claims made by firms 

Environmental claims made by firms, also termed “green claims”,
are assertions made about the environmentally beneficial qualities or 
characteristics of their goods and services. They can refer to the manner 
in which products are produced, packaged, distributed, used, consumed 
and/or disposed of. In addition to environmental aspects, these claims are 
sometimes defined to include the socially responsible or ethical manner 
in which products are produced and distributed. 

Claims can appear on a product (i.e. good or service) label, its 
packaging, in related literature or advertising material, as well as in 
promotional and point-of-sales material, and other forms of marketing. 
Claims can take the form of words, symbols, emblems, logos, graphics, 
colours and product brand names. They can be transmitted through the 
written media, including newspapers and magazines, electronic media 
such as television and radio, and digital media such as the Internet
(OECD, 2010g). 

In response to growing consumer concern about environmental 
degradation and climate change, firms are expanding the use of “self-
declared” claims as a corporate marketing tool (OECD, 2010g). Some of 
the claims, however, are very general (e.g. eco-friendly, carbon neutral, 
green) and others are not well-defined (e.g. natural, energy efficient, 
non-toxic, low carbon, pollutant-free, clean, zero emissions, sustainable, 
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ethical and fair). As a result, scepticism and confusion that may derive 
there from can diminish the value and effectiveness of green claims to 
consumers, and, thereby, undermine efforts to strengthen markets for 
green products.  

To improve the value and effectiveness of such claims, governments 
can take actions in a number of areas. They can do so by working 
independently and/or with stakeholders in: i) developing environmental 
claims guides, standards and codes; ii) specifying information to be 
included or required on labels; and iii) taking enforcement actions to 
counter misleading or fraudulent claims (OECD, 2010g; OECD, 2010h).

Work carried out at the OECD in 2010 concluded that, in order to 
improve the usefulness of claims, stakeholders should focus on efforts to 
ensure that:  

Claims are relevant, targeting the key environmental aspects of the 
products concerned. 
Environmental claims are sufficiently substantiated and supported by 
adequate and proper tests. 
Claims are subject to adequate monitoring and verification. 
Measures to combat misleading, confusing and false environmental 
claims are effective. 
Compliance and enforcement of consumer protection laws and 
regulations are strong, clear and transparent with respect to claims. 
Regulatory frameworks are coherent, focusing on raising the quality 
and reliability of claims.  
Moreover, the work found that there are benefits of i) encouraging 

the development of claims that are clear (i.e. easy to understand) and 
comparable (i.e. claims can be easily compared when evaluating 
competing products); ii) promoting consumer education on and 
awareness of the meaning and proper interpretation of claims; 
iii) promoting education for businesses concerning the proper 
development and use of environmental claims; and iv) heightening 
consumer awareness of the environmental consequences of their 
purchases. The importance of the co-operation among stakeholders in 
support of the above was stressed (OECD, 2010i). 

At the national level, some governments have developed guides to 
assist business with the development and or use of green claims. The US 
Federal Trade Commission Green Guides, which are designed to help 
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marketers avoid making misleading environmental claims, are a case in 
point (OECD, 2010g). Finland and Norway, on the other hand, have 
developed sector-specific guidance, and/or guidance on the use of 
specific terms such as “carbon-neutral” and “energy efficient”, for 
business (OECD, 2010g). At the international level, the International 
Consumer Protection and Enforcement Network (ICPEN) developed an 
environmental marketing claim guides for governments that describe 
how green claims should be formulated and used, using case studies 
(OECD, 2010g). In the standards area, the ISO has drawn up a group of 
instruments addressing environmental issues (OECD, 2010g). Industry 
has also been active on this front. At the international level, the 
International Chamber of Commerce completed a Framework for 
Responsible Environmental Marketing Communications in 2010 (OECD, 
2010g).   

Labelling requirements, which can be voluntary or mandatory, cover 
information provided to consumers on, for example, energy efficiency, 
and the way that such information should be presented.  Information on 
the energy efficiency of household appliances and the carbon emissions 
of motor vehicles are cases in point. The European Union, for example, 
has issued an Energy Labelling Directive which requires that appliances 
be labelled to show their power consumption in such a manner that 
facilitates the comparison of related products with each other (Council 
Directive 92/75/EEC of 22 September 1992). Labelling requirements can 
also involve the way that information is displayed (e.g. location, type 
font and/or colour codes), as well as the conditions for the use of 
environmental terms such as “sustainable” and “eco-friendly” (OECD, 
2010g). 

Governments can help to build consumer confidence in claims by 
screening the claims and taking action against those which are false or 
misleading. This is generally achieved under advertising laws that allow 
authorities to move against such claims. Sanctions can include a 
requirement that the advertising be modified or withdrawn, as well as 
financial fines. At the international level, governments participating in 
the International Consumer Protection and Enforcement Network 
(ICPEN) have increased their attention for false or misleading 
environmental claims and within ICPEN countries are co-operating to be 
able to combat these claims more effectively. (see https://icpen.org/).  
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Supporting trustmarks and third party certification  

Trustmarks and third party certification (OECD, 2010i) can also 
greatly improve consumer confidence in the environmental attributes of 
products. Trustmarks are seals or related symbols whose use is approved 
by organisations for businesses that comply with the grantor’s standards. 
Governments have been also active on this front. In the United States, an 
“Energy Star” programme has been established, under which qualified 
products can exhibit the Energy Star logo, which means that it has met 
certain criteria with respect to energy efficiency (see www.energystar.gov).
The programme covers major appliances, office equipment, lighting, 
home electronics, and other products, as well as new homes and com-
mercial and industrial buildings.  

The United States has also entered into agreements with a number 
foreign partners (i.e. Australia, Canada, the European Union, Japan, 
Switzerland and Chinese Taipei) to promote specific Energy Star 
qualified products. One of the aims of the partnerships is to unify 
voluntary energy-efficiency labeling programmes in major global 
markets, and to make it easier for partners to participate by providing a 
single set of energy-efficiency qualifications. 

Germany’s “Blue Angel” is another example of government 
initiatives taken to support environmental products. The Blue Angel logo 
is awarded to products that have been determined to be of considerable 
benefit to the environment and, at the same time, meet high standards of 
serviceability, as well as of health and occupational protection. The right 
to use the label is awarded by a multi-stakeholder, independent jury 
composed of representatives from government, environmental and 
consumer associations, trade unions, industry, trade, crafts, science, 
media and churches (OECD, 2010g).  

Supporting development of comparison tools 

Governments can further address information issues in markets by 
providing consumers with comparative information themselves, or by 
encouraging firms to do so, mandatorily or on a voluntary basis. This can 
help consumers reduce their search costs by making it easier for them to 
compare products. In France, the Direction Générale de la Concurrence, 
de la Consommation et de la Répression des Frauds (DGCCRF) has 
launched a website comparing the rates and other characteristics of all 
the electricity and gas contracts offered on the French market (OECD, 
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2010i). In Slovenia, the National Energy Regulator (NER) introduced an 
online tool, which enables consumers to calculate and monitor their 
monthly electricity consumption and check the accuracy of their monthly 
bills (see www.agen-rs.si/sl/) (OECD, 2010i). Information on prices of 
electricity from different network providers is also available.  

Strengthening knowledge and awareness 

Promoting education 

Affecting profound and enduring changes in consumer behaviour 
requires a fundamental understanding on the part of individuals of what 
the issues are and the importance of these issues, as well as knowledge of 
the types of actions that they can take to support environmental 
objectives. Education is key in this regard. Research indicates that the 
formulation of values begins at an early age and that much can be gained 
by introducing the importance of environmental stewardship into 
classroom curricula in grades school (OECD, 2009d). The goal of such 
education should be to elevate the weight that youngsters would 
eventually put on environmental concerns when making their purchasing 
decisions. 

Considerable attention has been paid to the ways that such education 
could be structured. A Task Force on Education for Sustainable 
Consumption, for example, was established under the Marrakech Process 
to explore ways to introduce topics into formal school curricula, which 
resulted in the development of a series of concrete recommendations and 
guidelines that, among other things, provide educators with tools and 
instruments that can be used in curricula (UNEP, 2010). 

Research in related work carried out at the OECD on consumer 
education underscores the importance of treating consumer education as 
a lifelong process and of tailoring the education to meet the needs of 
different age and socio-economic groups (OECD, 2009d). Much 
attention is being paid to this in northern European countries, which have 
collaborated to develop a comprehensive programme to advance 
consumer education, one of the principal components of which is 
education to promote sustainable consumption (OECD, 2009d; Nordic 
Council of Ministers, 2009).   
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Raising awareness 

Initiatives to raise and enhance consumer awareness of issues related 
to sustainable consumption and to identify what consumers and 
households can do to improve outcomes in this regard can have an 
important impact on people’s behaviour. Such initiatives include those 
made by the media, governments, firms and civil society, and the 
partnerships that they form in this respect (OECD, 2010i). 

The importance of awareness is underscored in the results of the 
2008 OECD survey mentioned earlier. Environmental awareness was 
found to be a main driver for water- and energy-saving behaviour, 
influencing demand for energy-efficient appliances and renewable 
energy, among other things (OECD, 2010g).  

The types of actions that governments can take to enhance awareness 
are numerous. In Korea, the national Consumer Agency has established 
an in-house Pavilion, the Green Home Life, where consumers are shown 
how to “green” their daily lives through the use of devices for energy-
saving and greener consumption. In France, the Environment and Energy 
Management Agency (ADEME) launched a communication campaign in 
2004, Economies d’énergie. Faisons vite ça chauffe (Energy savings: 
let’s act fast, things are heating up) to highlight the consequences of 
wasteful energy consumption. Further, in 2008, the agency launched a 
new awareness initiative with the aim of motivating French citizens to 
take concrete actions to save energy and, more broadly, to be more 
sensitive to climate change. The campaign is organised around three 
themes: i) explaining what is being done to promote energy savings on, 
for example, the legislative front; ii) providing concrete examples of how 
consumers can change their behaviour; and iii) making a link between 
energy savings and improving the quality of life. Like the previous 
campaign, the 2008 initiative involves a media campaign, provision of 
extensive consumer information and national and regional co-operation 
with stakeholders (OECD, 2009d). 

In Germany, the Council for Sustainable Development prepared a 
Sustainable Shopping Basket, aimed at raising consumer awareness and 
at helping consumers achieve sustainability in their everyday life 
(German Council for Sustainable Development, 2010). The Basket offers 
tips and advice for a wide range of day-to-day consumer decisions, and 
aims at encouraging readers to take a closer look at the social, economic 
and environmental impact of their purchases. Further examples include 
the United Kingdom’s Department for Environment, Food and Rural 
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Affairs (Defra) consumer guide on A Shopper’s Guide to Green Labels 
(see www.defra.gov.uk/environment/business/marketing/glc/documents/ 
shoppers-guide.pdf) and the two brochures issued by the US Federal 
Trade Commission, Sorting out Green Advertising Claims (see 
www.ftc.gov/bcp/edu/pubs/consumer/general/gen02.shtm) and Eco-
Speak: A User’s Guide to the Language of Recycling (see 
www.ftc.gov/bcp/edu/pubs/consumer/alerts/alt049.shtm).

The Internet is also being used to raise awareness. The US FTC’s 
Energy and Environment site contains an interactive tool that suggests 
ways consumers can save energy and money in their homes (see: 
www.ftc.gov/energysavings), and at refilling stations (see 
www.ftc.gov/savegas); and a Dutch website, Consuwijzer, includes a 
section providing information on using green energy (see 
www.consuwijzer.nl/Ik_wil_advies_over/Energie/Duurzame_energie).  

Increasing the level of commitment 

The levels of commitment of consumers to environmental causes 
vary from apathy to systematic integration of environmental considera-
tions into individual consumption decisions and lifestyle patterns (see 
OECD 2010b and UNEP, undated). Stakeholders can enhance public 
commitment by understanding and working with some of the “non-
economic” factors that influence consumer behaviour. Research carried 
out in the United Kingdom, for example, indicates that what others are 
doing, influences people, that a sense of making a difference matters, and 
that learning the personal benefits of taking action to support sustainable 
consumption is very important (OECD 2009d; OECD 2010d). More-
over, it has been noted that people tend to care about their position 
relative to others, rather than in absolute levels.  

This suggests that consumers could be more motivated to reduce 
energy consumption when their performance is measured against their 
neighbours, than they would by more general information describing the 
environmental harm caused by excessive energy consumption (Houde 
and Todd 2010). In addition, the OECD’s household survey mentioned 
above shows that other variables, such as more general sense of civic 
duty (rather than just specific concern for environmental issues) can be 
important in, for example, explaining support for recycling programmes 
(OECD, 2011d).  
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It seems that much could be gained by further enhancing the image 
of green life styles. The UK work cited indicates that such initiatives 
need to be tailored to respond to the particular situations facing different 
socio-economic groups to be most effective, and that age and gender can 
be important variables in this respect. How efforts to boost commitment 
can be further enhanced would benefit from further research; in this 
respect, an examination of the relationship between norms, policy 
instruments, and household decision-making, would be particularly 
important. These issues are being examined empirically by the OECD in 
a follow-up household survey to be implemented in early 2011.   

Addressing behavioural biases to support greener consumer choices 

The study of behavioural economics has helped to develop an 
improved understanding of how and why consumers do not always act 
rationally when they evaluate and purchase goods and services (see 
OECD, 2010i). The subject was already touched on in the above 
discussion on ways to increase the level of commitment to environ-
mental stewardship. Governments need to be mindful of the nature of 
common biases and aware of how they can address them when 
developing policy. An assessment made by Houde and Todd (2010) 
provides an example of the importance that biases can play in decision 
making and what governments can do in response.  

Increasing the focus on long-run impacts of policies  

Knowing that consumers often focus on short term costs, without 
fully considering longer term factors, suggests that efforts to highlight 
longer term variables could be beneficial. Measures, for example, that 
encourage consumers to consider the savings that an energy efficient 
washer would achieve over time, compared to a lower priced model, 
could result in a shift in demand towards the “greener” product.  

Framing information in more environmentally compelling ways  

Research has shown that the manner in which information is 
presented and the way that choices are framed influence consumer 
decisions (see OECD, 2010g; OECD, 2010h). It appears that framing 
information so as to identify both “public” and “private” benefits would 
be effective. Individuals are seen as being more likely to respond to eco-
labels if the environmental benefits co-exist with more direct personal 
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benefits for the consumer, such as a reduced energy bills resulting from 
energy-saving behaviour (OECD, 2010g; OECD, 2010i). 

Setting defaults in ways that support environmental objectives 

Oftentimes consumers are presented with products which require 
them to make choices on basic or additional features. The choices can be 
“open”, requiring them to make conscious decisions to complete a 
transaction, or they can be more passive, which occurs when sellers 
present consumers with pre-set choices (defaults) that do not require 
them to take any action in order to complete a transaction. Behavioural 
economics has shown that there is a strong bias for persons to accept a 
given default. Working with industry to help ensure that defaults are not 
used in ways that undermine environmental objectives and, in the same 
light, working with them to identify ways that defaults could be used to 
support environmental objectives, deserves further attention. In energy 
markets, for instance, pre-selecting a “green” tariff as a default could 
have a significant positive impact on energy consumption patterns, while 
selection of another default could have the opposite effect (Pichert and 
Katsikopoulos, 2008).  

Addressing barriers to behavioural change will facilitate the 
emergence of new patterns of demand and increase the cost-effectiveness 
of policy signals aimed at producers. Special attention needs to be given 
to these barriers because habits and norms can lock households into 
patterns of consumption which are hard to alter. A range of policy tools 
should be considered in this regard. Table 2.3 summarises the key issues 
to be addressed and policy levers that could be used to encourage the 
greening of consumption behaviour. 
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Table 2.3. Key dimensions for greening household behaviour 

Information Awareness 

Can shift behaviour because  
o Consumers often do not know how 

much they consume; 
o Labels influence consumer choice 

Information needs to:  
o Reflect public and private benefits 
o Be trustworthy and easy to decipher 

Of environmental issues is linked to greener 
consumption 

It rises with educational attainment 

It can be influenced by appropriately tailored 
education for sustainable consumption 

And increases acceptability of policy reform 

Alternatives Incentives 

Availability of alternatives is as important as 
incentives, especially in public services and 
infrastructure 

Natural monopoly can reduce consumer 
access to these services, so regulatory 
oversight is key 

Such as prices, increase efficiency of consumption 
short-term 

Drive demand for “green” consumer durables and 
household equipment, helping to green consumption 
long-term 

Governance issues 

The discussion above demonstrates that there is no silver bullet in 
achieving green innovation: a whole-of-government approach to policies 
is needed to encourage green innovation in its many forms. As suggested 
in the OECD Innovation Strategy (OECD, 2010a), this requires stable 
platforms for co-ordinating actions, policies with a medium- and long-
term perspective, and attention from policy makers at the highest level.  

Achieving such coherence and co-ordination is difficult. Coherence 
involves co-ordination of simultaneous policy actions and consideration 
of possible interaction with policies with other objectives. Supporting the 
growth of young dynamic firms, for example, requires close co-
ordination of innovation and entrepreneurship policies. Likewise, closer 
integration of policies to foster innovation and a cleaner environment can 
help guide economies towards greater sustainability. However, simply 
developing additional policies will not improve coherence; existing 
policies may have to be reviewed, adjusted or phased out. 

Yet, policies for green growth and innovation often remain compart-
mentalised in different departments and agencies. This can create 
obstacles to co-operation and lead to a proliferation of innovation 
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policies that are duplicative and wasteful. The budget process, as one of 
government’s main decision-making tools, can help lead to effective 
innovation policies. Multi-year budgeting can help develop a long-term 
vision for innovation and secure funds on a multi-year basis. 
Performance budgeting can help position the policy goals and costs of 
innovation with respect to other policy goals of government. 

One critically important element that needs to be addressed through 
closely co-ordinated policies is the question of transition management. 
Pioneered by the Netherlands, this approach is expected to enable 
government to organise its policy around a cluster of options, without 
choosing specific solutions, while giving an overall policy direction to 
the market. But transition also involves both losers and winners 
(e.g. incumbents in fossil fuel based sectors versus green technology IP 
holders in new industries), and the management of transition should 
address these issues both within countries but also between them. 

The growing range of stakeholders in the innovation process and the 
growing impact of innovation on society increasingly require the 
involvement of stakeholders in shaping policies for innovation. Social 
well-being is an explicit goal – and not simply a consequence – of 
innovation. Government can work to remove barriers to full participation 
by the public and private sectors and other stakeholders in the 
development of innovative solutions to social problems and thus help to 
develop a shared vision and make policies more effective in meeting 
social goals. 

A mobilising vision – and the ambition to achieve it through policy 
coherence and effective co-ordination – can help governments around 
the world use innovation as a tool to achieve green growth. This requires 
both horizontal and vertical policy co-ordination. With the right set of 
policies in place, this will result in greater well-being at both the national 
and global levels. 

Green innovation also has a strong local dimension. Knowledge 
includes an important tacit component that cannot be easily codified and 
therefore requires direct interaction, on-the-job learning and workers’ 
mobility. As recent experience by both national and regional authorities 
has shown, there is scope to develop regional innovation policies that can 
capture positive local externalities.  

The growing importance of regions must be taken into account when 
designing the governance system for green innovation policies. In many 
countries, regions have gained more control over policy as resources 
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have been devolved to subnational authorities, with the objective to fully 
exploit the local interactions that affect the innovation process. In that 
context, regional policy makers are often better placed than their national 
counterparts to understand the local landscape and tailor interventions 
accordingly. Green innovation agendas have been developed at the sub-
national level, focusing notably on regional clusters and capability 
building among knowledge producers. Moreover, other factors driving 
innovation, such as linkages between research and industry and the 
promotion of entrepreneurship, also involve important roles for regional 
and local policies. 

National policy should therefore set the right framework conditions 
for regional actors to foster green innovation adapted to their own 
context and to build on local strengths. Regional policies can help nurture 
regional clusters and build capability among knowledge producers. They 
may be better placed than national policies to understand local conditions 
and tailor interventions accordingly. Regional policies may help capture 
positive externalities by improving the efficiency with which partners 
interact. National green innovation policies may need to be adapted for 
regions that are not R&D-intensive hot spots. However, while aligning 
national and regional priorities is critical, regions also need room to 
experiment. 
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Notes

1.  This section draws on OECD (2011), High Growth Firms, Entrepreneurship and 
Innovation, forthcoming. 

2.  Generally, feed-in tariffs refer to the regulatory, minimum guaranteed price that is 
paid to a private, independent producer that generates electricity using renewable 
energy. Occasionally, FITs mean the full price per kWh received by the producers, 
including the premium above or additional to the market price, but excluding tax 
rebates or other subsidies paid by the government (Sijm, 2002). 

3.  There is evidence from the United States to this effect, where it appears more 
difficult for low-income households to obtain loans in States with generous 
bankruptcy laws (Gropp, et al., 1997). 

4.  Parts of this section are based on the OECD report “Greener and Smarter. ICTs, 
the environment and climate change”, September 2010 (OECD, 2010e). More 
information on OECD work in this area is available at www.oecd.org/sti/ict/green-
ict.

5.  The OECD Green Growth Declaration specifically mentions the role of ICTs in 
meeting environmental challenges: “In order for countries to advance the move 
towards sustainable low-carbon economies, international co-operation will be 
crucial in areas such as … application of green ICT for raising energy efficiency” 
(paragraph 2); and “We recognise that special efforts need to be made at the 
international level for co-operation on developing clean technology, including by 
reinforcing green ICT activities …” (paragraph 8). 

6.  The OECD Council Recommendation on ICTs and the Environment (2010) lays 
out a 10-point check list on how governments can employ ICTs to enhance 
national environmental performance. 

7. Bio-nanotechnology also has promising applications in environmental 
remediation.

8.  OECD (2011), Fostering Nanotechnology to Address Global Challenges: Water. 
9.  A more detailed analysis of demand-side policies for innovation is contained in 

OECD (2011), Demand-side Innovation Policies, OECD Publishing, Paris. Work 
on the application of demand-side policies to green innovation is currently 
underway. 

10.  Although poorly designed demand policies (e.g. poor regulation) might impose 
substantial indirect costs on the economy and therefore also on government 
budgets. 
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Chapter 3 

Fostering innovation for green growth – policy considerations 

This chapter explores some broader policy considerations relevant to green 
innovation policies, This includes how to establish an appropriate mix of 
policies for green innovation, the timing and efficiency of green innovation 
policies, as well as some considerations on how countries can derive 
benefits from green innovation at the local and national level. 
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The policy mix for green innovation 

The discussion in the previous section demonstrates that there is no 
single factor or policy that will drive green innovation. Countries will 
need to use a combination of policy instruments to achieve their policy 
goals (see Table 3.1). Moreover, policies to foster green innovation will 
be successful if they enhance the performance of the system as a whole, 
addressing weak links in the system as a priority. In all countries, the 
priority assigned to different elements depends on the nature and state of 
their system: one size does not fit all. 

Whether by design or default, all countries make different choices in 
their mix of policy instruments to support innovation. In most OECD 
countries, both supply and demand side policies are being used to 
strengthen innovation. This includes public investment in research, 
generic incentives to strengthen private investment in R&D, more 
targeted measures to support specific goals or steer innovation towards 
given sectors, technologies or groups of firms, as well as measures to 
support commercialisation and demand for green innovation. 

This combination of demand-side and supply-side policies is an 
important consideration for the policy mix. Neither supply-side nor 
demand-side policies are likely to be effective in isolation. Fostering 
innovation requires addressing the entire innovation chain. As noted 
above, one reason for the growing interest in demand-side policies is 
their potentially low budgetary cost and their possible role in helping 
select “winners” on the basis of better functioning markets.  

Even when countries have similar policy goals, the respective 
instrument mixes can be expected to differ as these mixes need to be 
adapted to the specific environments in which they are intended to work. 
These environments vary in terms of the structure of the productive base, 
institutions and preferences. For instance, a strong preference for a 
simple, transparent tax system may rule out tax incentives for R&D. 
Different countries also exhibit different degrees of acceptance of 
regulation. And, the efficacy of various demand-side instruments can be 
highly sensitive to industry-specific characteristics. The key challenge 
for policy makers is therefore to strike a balance between the various 
instruments. For example, direct and indirect support for R&D may be 
applied as complementary tools, making best use of their respective 
advantages and recognising their interdependencies. 
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Table 3.1. Possible policies to foster green innovation1

Policy challenge Policy options 
Insufficient demand for green 
innovation 

Taxes and market-based instruments to price externalities and 
enhance incentives 
Demand-side policies, such as public procurement, standards 
and regulations, in specific markets and circumstances 

Lack of innovation capability Broad-based policies to strengthen innovation 

Technological roadblocks and lack of 
radical innovation 

Investment in relevant R&D, including thematic and mission-
oriented research 
International co-operation 

Research and investment bias to 
incumbent technology 

R&D support, tax incentives 
Adoption incentives/subsidies 
Technology prizes 

Lack of finance Co-investment funds 
Market development 

Regulatory barriers to new firms Regulatory reform 
Competition policy 
Front-runner approaches 

Lack of capabilities in SME to adopt 
green innovation 

Access to finance 
Skills development 
Linking SMEs to knowledge networks 
Improving information supply 
Reducing regulatory burdens 

Non-technological innovation City and transport planning 
Regulatory reform 

International technology transfer Development of capabilities 
Trade and investment policies 
IPR protection and enforcement 
Voluntary patent pools and collaborative mechanisms 

1 A detailed toolbox to foster innovation, including green innovation, is currently being developed as a 
follow-up to the OECD Innovation Strategy. The Innovation Policy Platform will be released in 2012.  

Another balance concerns how to achieve critical mass in the use of 
policy instruments. The trade-off involved here is on the one hand to 
have a set of instruments that is sufficiently differentiated to meet the 
needs of complex innovations systems. On the other hand, the policy mix 
needs to avoid inefficiencies arising from operating too many schemes at 
too small a scale. This is a real concern, since instruments can develop 
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constituencies of support and a degree of autonomy, making them less 
amenable to change or cancellation, even where this would be sensible. 
In some cases, there may be ways to streamline the range of instruments 
and programmes, reduce complexity, enhance transparency and lower 
administrative costs and deadweight loss.  

Another challenge concerns the effectiveness and efficiency of 
support. To the extent that evidence on the additionality of specific 
instruments is known, governments can of course decide to focus on 
instruments that have the highest cost-benefit ratios. Following the 
financial crisis and in a context of scarce public resources, governments 
are increasingly trying to focus their efforts to areas where there is good 
evidence that public money has high returns. Unfortunately, information 
on the additionality of specific instruments is limited, and there is also a 
risk that this will ignore the interaction and interdependency of 
instruments in the overall policy mix. 

An essential set of criteria against which innovation policies aimed at 
improving environmental performance should be measured includes 
(Johnstone, Haš i  and Kalamova, 2010): 

Stringency – how ambitious is the policy target? 
Predictability – what effect does the policy have on investor 
uncertainty? 
Flexibility – whether potential innovators are free to identify the best 
way to meet the objective? 
Incidence – does the policy target the environmental objective as 
closely as possible?  
Depth – that is, do incentives exist to innovate through a range of 
potentially ascending objectives?  
The ideal policy instrument will be one which is sufficiently 

stringent to encourage an optimal level of innovation; stable enough to 
give investors adequate planning horizons for risky investments; flexible 
enough to encourage novel solutions; and closely targeted on the policy 
goal, so as to avoid misallocation of effort and provide incentives for 
continuous change.  

A high-quality system of policy evaluation should ultimately inform 
the choice of policy mix. Effective evaluation of policies and programmes 
to stimulate R&D and innovation has become increasingly important for 
policymakers. This increased emphasis on evaluation is driven by 
constraints on discretionary public spending, a greater focus on 
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accountability and transparency in policy, and the desire to minimise 
distortions arising from government actions while maximising their 
benefits. Some of the policies discussed above, such as R&D tax credits, 
have a relatively rich evaluation record, whereas others, such as some of 
the demand-side policies, remain under-evaluated.  

A strong focus on additionality of policies can also help ensure that 
policies are as efficient as possible, which is important in the current 
climate of fiscal constraint. Several studies suggest that certain options to 
improve environmental performance are available at little cost; policy 
should move quickly to implement such solutions, e.g. in improving 
energy efficiency in households, governments and firms. Typically, there 
are barriers that prevent these options from being implemented, such as 
information barriers. However, government policy can help to overcome 
these, often at relatively low costs. Moreover, as discussed above, new 
business models are emerging that may help overcome some of the 
perceived market failures in the market for energy efficiency and green 
solutions. 

Adopting best practice policies to support green innovation can also 
help strengthen the efficiency of government policy. For example, 
supporting commercialisation of green technologies at too early a stage 
is likely to be very costly. At the same time, investing in green innova-
tion is not just a cost, but also an investment in the future and in growth 
itself, as well as a way to reducing the future costs associated with 
environmental challenges. 

The timing and efficiency of policy interventions 

Apart from considering the policy mix for innovation, policy also 
needs to consider the innovation timeframe and the respective benefits 
and risks of specific policies. Some innovations are already available 
commercially and may need no or only limited policy action to become 
effective in improving environmental performance. Other technologies 
are still under development, and may be in pre-demonstration or 
demonstration phases. And yet other technologies will only emerge over 
a much longer term horizon, although some of these could potentially 
have a large impact. 

This timing of innovations may precipitate an advantage of one 
technology or innovation over another (Newell, 2009). For example, a 
technology having greater short-term advantages over another technology 
may become established and “lock out” other technologies. Even if the 
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long-term benefits of the “locked in” technology would result in lower 
overall social benefits, it succeeds at the exclusion of other technologies. 
However, technologies dropped at an early stage may reassert 
themselves at a later date and become successful. OECD (2003) 
describes this path dependence effect in greater detail, highlighting the 
example of the electric car, a technology which may be in resurgence 
after initial lock-out decades ago. Another aspect of this situation of 
lock-in is the impact on incentives for further innovation. If policy 
focuses on the deployment of currently available technologies, it could 
reduce the market for future innovations, which will reduce incentives to 
invest in R&D and efforts to develop such innovations (David, et al., 
2009). There are no simple answers to this problem. 

One approach that can help inform long-term investment decisions 
associated with the introduction of new technologies and innovations 
involves the use of scenario studies, technology foresight and 
roadmapping. This can provide insights on the scope for technological 
progress and innovation in different areas and may therefore help in 
guiding decisions. The IEA’s Energy Technology Perspectives provides 
an important example of such an approach. This can also point to options 
that may be available at little or zero cost, which could be implemented 
with relative ease, such as improvements in energy efficiency in existing 
buildings (e.g. McKinsey, 2009, IEA, 2010). 

Fostering a diverse portfolio of potential options for action, and 
carefully considering the timing of the most lumpy and irreversible 
investments, may also help in preserving options for new innovations as 
they emerge. This is one more reason for a strong focus on research, 
innovation and entrepreneurship, as they all contribute to the process of 
experimentation that is key to the emergence of new options that can 
help address global environmental challenges. 

In addition, having a strong focus on demand-side policies, aimed at 
strengthening the markets for green innovations, might also help avoid 
policy from getting unduly locked into poor supply decisions. By 
inducing strong market signals for potentially promising technologies, 
the risk of getting locked in may be mitigated. However, strong demand-
side policies are not without difficulties, as indicated above. Government-
led demand-side policies, e.g. involving regulatory and public procure-
ment policies, may end up being too much guided by political considera-
tions and vested interests rather than emerging market demands. On the 
other hand, as noted above, market-based economic instruments such as 
carbon taxes, may not be sufficient to change current trajectories and 
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may end up favouring technologies with known and relatively low costs. 
Striking the right balance in the use of demand-side policies clearly 
remains a challenge. 

As already noted above, policies to foster green innovation will also 
benefit from continued evaluation and monitoring, to improve the 
effectiveness and efficiency of policies over time, and to benefit from the 
development of new scientific insights and new technologies and 
innovations. The required policy changes resulting from evaluation will 
have to be balanced against the need for policy stability over time. 

Some tentative conclusions that emerge from this discussion are the 
following: 

First, stable and long-term market signals, based on the pricing of the 
environmental externalities, are core for a strong and comprehensive 
strategy for green growth and for green innovation.  
Second, improving the overall business environment for innovation 
is essential to green innovation and requires implementation of a 
broad-based innovation Strategy, as set out in the 2010 OECD 
Innovation Strategy. 
Third, to help lower the costs of future green innovation, open up the 
scope for technological breakthroughs and create new opportunities, 
public investment in research is needed. Given the scale of the global 
challenges and the potential for research to help lower the costs of 
addressing such challenges, an increased effort at the global level is 
needed. Policy can also orient ongoing research more towards the 
global environmental challenges, and improve the efficiency of the 
process of translating research into innovation. International co-
operation can help facilitate burden sharing for large-scale invest-
ments and can also play a role in making the innovation effort more 
focused on the challenges faced by developing countries. 
Fourth, governments need to encourage the process of experimentation 
and creative destruction to bring about new options that can help 
strengthen environmental performance at the lowest cost. This 
involves a vigorous process of national and global competition among 
alternative technologies and innovations, to bring about those options 
that have the best performance. Governments should engage in 
policies to level the playing field between alternative options, but 
should in general avoid supporting specific technologies and solutions 
over others, emphasising competition and technology neutrality.  
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Fifth, however, when private efforts are insufficient on their own to 
commercialise technologies, government action, including govern-
ment support, may be required to overcome market failures and 
barriers in specific sectors, such as dominance by existing techno-
logies in the energy sector. However, such policies should be well-
designed to avoid capture by vested interests, should focus on 
outcomes rather than specific technologies or firms, and need to be 
regularly evaluated to ensure that they are effective and efficient in 
meeting public policy objectives. Focusing support on infrastructure, 
general-purpose technologies and other basic structures that are 
needed for alternative technologies is one approach to support a wide 
range of options without picking specific technologies. 
Sixth, well-designed demand-side policies, such as public procure-
ment, standards and regulation can help to support the development 
of markets for green innovation, in particular in areas where price 
signals are ineffective. Such policies also, should be well designed to 
ensure that they do not distort competition. Consumer policies and 
consumer education can complement such policies and further 
strengthen the demand for green innovation. 
Finally, as discussed further below, countries may want to prioritise 
their development efforts in green innovation in areas where they 
have capabilities and a certain critical mass, and focus on techno-
logies and innovations that are particularly relevant in their own 
national context. Most governments do not have the budgets and 
scale to explore every possible option and will need to focus their 
national efforts. Co-operation with other countries and research 
centres therefore needs to be developed to gain access to relevant 
research and work together on the development of solutions. At the 
same time, international competition is essential to drive down the 
costs of green innovation and benefit from the global process of 
experimentation. Openness to foreign trade and investment is 
therefore key to an efficient approach to address global environ-
mental challenges. 
A difficult question to answer is whether concerted policy efforts 

along the lines set out above would lead to a large enough boost to 
innovation to lead to green growth. Much will depend on the rate of 
technological progress; if prices of green technologies would fall rapidly, 
green technologies could become ubiquitous and unleash a whole new 
range of products, services and business models, as has been the 
experience in the ICT sector over the past decades. However, if green 
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innovation policies would lead to innovations with a lower rate of return 
than current innovation efforts, the overall rate of innovation might be 
reduced and growth might be negatively affected.  

Obviously, if environmental impacts are not priced, firms will also 
not be able to benefit from any advances they make in reducing such 
impacts. Pricing carbon or other economic instruments that address 
environmental externalities will therefore make investment in green 
much more attractive for private investors. Increasing long-term policy 
certainty is also important; predictability and stability will boost the 
confidence of investors in green innovation. In addition, the potential 
spill-overs arising from green innovation could well be larger than for 
other forms of innovation, precisely because the market is still under-
developed and the potential for future innovation may well be very large. 
Overcoming the barriers to green innovation, including the dominance of 
existing technologies and systems, could possibly lead to a new wave of 
innovations comparable to those of other major technological revolutions. 
This issue may only be fully answered over time as green innovation 
expands and starts having clearer impacts on economy and society. 
Measuring and monitoring its impacts will therefore be important. 

Will a concerted policy effort along the lines set out above lead to a 
new technological regime, breaking away from the lock-in of the current 
regime based on hydrocarbons? A first point to make is that at this time, 
no alternative technological regime seems close to emerging. Indeed, 
questions have been raised as to whether significant technological 
breakthroughs will emerge over the coming decades that will signifi-
cantly change the approach to dealing with the global environmental 
challenges. A strong research effort combined with experimentation 
among alternative options might lead to the emergence of new options, 
and ultimately point the way towards a new technology regime. A 
second point is that the urgency of addressing climate change and other 
environmental challenges may not permit an immediate departure from 
the current technological regime. 

Another challenge, not addressed in this paper in any detail, is 
whether the shift to a green economy might not entail new scarcities and 
constraints. For example, as economies around the world are seeking to 
reduce their dependency on fossil fuels, they are increasingly becoming 
dependent on other primary resources, including some rare earth 
materials. This includes lithium and cobalt, which are key components of 
battery technologies and therefore key to the success and affordability of 
electric cars, as well as tin/cassiterite and tantalum/coltan, which are 
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important components of many electronic products. The supply of some 
of these “rare earth elements” (REEs) is also highly concentrated and 
concerns have been raised about future supply and price developments of 
such minerals for the future. 

These questions aside, the importance of innovation in moving to a 
green economy is clear. Without innovation, it will be very difficult and 
very costly to achieve the transformation to a greener economy and the 
national targets that many countries have established. Moreover, 
innovation and the related process of creative destruction should lead to 
new ideas, new entrepreneurs and new business models, thus 
contributing to the establishment of new markets and eventually to the 
creation of new jobs. Innovation is therefore the key in enabling green 
and growth to go hand in hand. 

Deriving benefits from green innovation at the local and national level 

A question for many governments is also how they can best ensure 
that their country can capture value from green innovation at the 
national, regional and local levels. In a highly interconnected global 
economy, firms and governments will need to make choices and 
establish priorities for areas in which they can achieve excellence and 
critical mass. Local strengths, such as strong human capital, firms, 
knowledge institutions and networks, well-developed local services, 
social factors and job opportunities, are the key to developing local 
clusters of activity and to attracting firms, including multinational firms, 
and talent to specific locations and countries. These are also the 
foundation on which collaboration with other firms and countries can be 
built, and strategic and selective choices have to be made. 

In general, countries will be placed differently in how they can best 
draw benefits from the global transition to a green economy. Most 
governments do not have the budgets and scale to explore every possible 
option and will need to focus their national efforts. Some countries will 
be well placed to develop, commercialise and produce green technologies, 
sometimes for the global market. Others may choose to be earlier adopters 
of new technologies and innovations. Existing capabilities and policies to 
foster new capabilities will be important determinants of the choices that 
policy makers make in this context, i.e. where to develop and where to 
deploy green innovations. 



3. FOSTERING INNOVATION FOR GREEN GROWTH – POLICY CONSIDERATIONS – 125

FOSTERING INNOVATION FOR GREEN GROWTH – © OECD 2011 

For every country, however, international co-operation and 
competition will be essential in achieving a transition to a green economy, 
and to do so efficiently and effectively. International co-operation, as 
discussed above, can help in sharing the costs of the research needed to 
overcome key barriers to green innovation. International competition is 
also essential, as it will drive down the costs of new technologies and 
innovation. Openness to foreign trade and investment is therefore key to 
an efficient approach to address global environmental challenges. 

Differences between sectors and industries are also important 
(OECD, 2011). In some industries, economies of scale and scope may 
lead to a single technological trajectory and a high level of concentration. 
Only few firms and countries would be able to participate in the 
production of technologies, goods and services in such a case, although 
all might be able to benefit from their application. In other industries, 
economies of scale and scope are more limited, and demand might be 
much more diversified, leading to very different industry behaviour and 
levels of industry concentration. This has implications for the development 
of national green growth strategies, which needs to reflect a good 
understanding of the capabilities of firms and other actors in a country. 

Several of the policy options set out above can also be undertaken by 
governments that have little scope for additional government funding. 
Adopting best practice policies to support green innovation can also help 
strengthen the efficiency of government policy. Several studies suggest, 
for example, that certain options to improve environmental performance 
are available at little or zero cost. Policy should move quickly to 
implement such solutions, e.g. in improving energy efficiency in 
households, governments and firms. Moreover, new business models are 
emerging that may help overcome some of the perceived market failures 
and barriers in the market for energy efficiency and green solutions. 

What is clear from the above is that governments have a wide range 
of options to strengthen green innovation. A concerted global effort to 
strengthen the research and innovation effort aimed at green innovations 
will significantly enhance the portfolio of options available to improve 
environmental performance and at the same time help strengthen 
economic growth. This is one more reason why well-designed policies 
for green innovation need to be at the core of any green growth strategy. 
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