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PREFACE  

The Coalition for Innovation, Employment, and Development (CIED) has commissioned 
Copenhagen Economics to conduct a study on the relationship between intellectual 
property rights, innovation in carbon abatement (clean) technology and the impact on 
European jobs.  
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The EU is set on substantially reducing the World’s emissions of greenhouse gasses (GHG). 
At the Copenhagen summit in December 2009, the EU is hoping for an ambitious interna-
tional agreement on reducing GHG. A focal point is the so called 450 ppm scenario 
whereby GHG emissions are reduced to a level equivalent to a 2-2.4 degree Celsius tempera-
ture rise according to scientists.  
 
EU’s commitment to fight climate change will lead to a massive need for ‘clean’ technology 
that is able to produce energy while emitting only a minimum or no GHG’s. This technol-
ogy does not exist in the necessary scale today. It has to be developed through research. The 
International Energy Agency estimates that some € 2,500 billion must be invested in the EU 
over the next twenty years, in order to research, develop, demonstrate and deploy the clean 
technology necessary for complying with the 450 ppm reduction target.  
 
This investment will be driven by high prices on GHG through the emissions trading sys-
tem, various GHG taxes and subsidy schemes for investment in clean technologies.  
 
While the investment costs necessary are huge, they also present an opportunity. The obvi-
ous one is less global warming. But also, a large number of jobs will be created in the indus-
tries developing and producing clean technology; for example in the solar heating and the 
windmill industry as well as in energy saving technologies that can reduce CO2 content from 
the use of fossil fuels.  
 
The EU is well positioned to create jobs in these industries. It already today has a large in-
dustry, which produces clean technology. Moreover, this area is one of the only technologi-
cal fields where the EU is more innovative than the USA and indeed the rest of the world. As 
many of these jobs will be high skilled research jobs, this opportunity may also help the EU 
achieve the goals in the Lisbon Agenda, which states that the EU should be the most com-
petitive and dynamic, knowledge based economy in the world. Furthermore, the EU should 
seek to fully exploit the job creation opportunities as the transition to a low carbon economy 
will lead to transitional job losses in certain sectors as they adjust to e.g. higher energy prices.  
 
We have summarised recent studies projecting EU job creation in renewable energy tech-
nologies over the next twenty years, and find this number could exceed 2 million jobs. This 
does not include the number of new jobs that might be created in transport and energy effi-
ciency in buildings, whose number could be twice the magnitude. 
 
While an ambitious GHG reduction agreement will create a big demand for clean technol-
ogy, general framework conditions, including intellectual property rights, are necessary for 
EU firms to undertake investment in research and development of clean technology. Like 
with any investment; if the risk on returns increases, a firm will tend to invest less. This 
could seriously increase compliance costs in reaching GHG reduction targets and reduce the 
opportunities for job creation in the EU.  
 

EXECUTIVE SUMMARY 
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Environmental and economic considerations therefore speak against weakening the protec-
tion of intellectual property rights. Protection of intellectual property has, nevertheless, come 
under pressure recently, because developing and emerging economies demand transfer of 
clean technology in order to sign up to a global climate agreement. The countries are point-
ing to a range of measures, which reduce the protection of intellectual property, one of 
which is compulsory licensing. 
 
The EU has an opportunity to kill two birds with one stone: to protect the environment and 
further its ambitions stated in the Lisbon Agenda. But it rests on firms being willing to take 
on risks and invest massively in innovation. Weakening the intellectual property rights sys-
tem could jeopardize both, while not furthering the transfer of technology.  
 
If developing and emerging economies should be compensated for entering into an ambi-
tious agreement at the Copenhagen summit, this could much better be done simply through 
a transfer of financial funds from the developed countries to the emerging and developing 
economies. Such financial funds can be targeted much more precisely, which result in at 
least two types of benefits: First, it allows financial relief to countries that need it the most. 
Second, it allows the recipient countries to buy precisely the technologies they need in order 
to reduce emissions cost efficiently. This is in contrast to a general agreed weakening of IPRs 
that may benefit receiving countries in a highly uneven manner at higher cost. 
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At the Copenhagen 2009 summit on climate change, an agreement on binding commit-
ments to reduce greenhouse gas (GHG) emissions will be sought. The main scenario under 
consideration is the so-called ‘450 ppm scenario’ with the participation of all countries, de-
veloped, emerging and developing. The 450 ppm scenario refers to a level of atmospheric 
CO2 concentration to be reached, so that global temperature rise does not exceed about 2 
degrees centigrade. 

1.1. MASSIVE INVESTMENT NEED 
The scenario requires reductions in worldwide CO2 emissions, which can only be achieved 
through development and deployment of a variety of new or currently immature technolo-
gies for carbon abatement (clean technologies). 
 
To illustrate this, according to the International Energy Agency (IEA) in the 450 ppm sce-
nario, the power sector is expected to undergo a dramatic change. Some renewable technolo-
gies must expand1 to about 13 times their capacity today while a currently immature tech-
nology as Carbon Capture and Storage (CCS, a technology allowing carbon dioxide to be 
captured and stored under ground) must be fitted on the equivalent of 15 percent of today's 
coal and gas power generation capacity, cf. Figure 1.1. Notice that the energy production 
from coal as a whole is expected to rise according to the IEA. The reason is that the IEA pre-
dicts a gradual replacement of smaller inefficient coal power plants, along with upgrading 
the efficiency in larger power plats and the deployment of new advanced coal technologies 
such as integrated gasification combined cycle (IGCC) and ultra-supercritical steam cycles 
(USCSC). 
 

                                                        
1 In March 2007, the EU agreed that by 2020 renewable energy should account for 20 percent of the EU's final 
energy consumption (9.2 percent in 2006). In 2008, individual targets were formulated for each of the EU coun-
tries. The countries have a deadline by June 2010 to present ‘National Renewable Energy Action Plans’ that will 
outline the measures to be taken to reach the renewable energy targets. The countries are free to decide their pre-
ferred mix of renewables in order to take account of different potentials; however, abatement must take place in 
electricity, cooling and heating and transport. 

Chapter 1 POLICY CONTEXT AND SUMMARY OF FINDINGS 
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Figure 1.1 Expected expansion in power generation capacity relative to today, World 

 
Source: IEA (2008) in Brandley (2008) 

 
An unprecedented, revolutionary technological breakthrough is required to foster the neces-
sary clean technologies and energy efficiency measures within renewable energy, energy effi-
ciency in buildings, transport etc. Consequently, the projected future need for innovation 
and deployment in clean technology is massive. The IEA projects that around $ 2,500 bil-
lion dollars needs to be invested in Research, Development, Demonstration and Deploy-
ment (RDD&D) in the EU over the next 25-30 years, cf. Table 1.1.2  
 

                                                        
2 The estimates for RDD&D originate from IEA (2008) Energy technology perspectives which outlines ‘roadmaps’ 
for 17 individual abatement technologies to comply with the 450ppm scenario in an aggregate table on p.132. For 
each of these technologies, the roadmap projects an interval for the required RDD&D investment in Europe in 
Chapter 3 of the publication.  Our figure is the sum over the 17 technologies. Note that for technologies in the 
transport sector, the figure for “deployment” is separately given in the respective ‘roadmaps’ and we add it back to 
the total.  The IEA estimates of RDD&D costs are rooted in a survey of individual studies reporting the costs and 
deploying different methodologies and IEA’s adaptation of these findings for the purposes of the 450 ppm scenario.  
These studies do not offer a rigorous conclusion whether an increased R&D spending will automatically translate 
into higher success with technology commercialization. Therefore, the IEA makes its own expert judgment, based 
on the studies, to arrive at the required level of R&D spending. IEA (2009) assumes that the required R&D ex-
penditures are about 10% of the required cost of deployment.  
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Table 1.1  Estimated investment outlays to meet the 450ppm scenario, 2005-2030 
 Research, development, demonstration and deployment  
The World  $ 4,000 billion  

of which, in Europe  $2,300- $2,800 billion  

Note: International Energy Agency’s BLUE scenario assumes 2 – 2.4 degrees centigrade warming equivalent to the 
450 ppm scenario. Numbers for OECD Europe. 

Source: IEA (2008) 
 
There is evidence that the technological breakthrough has begun already. HSBC Global Re-
search has recently estimated that global revenues from climate-related businesses including 
among others, energy production and energy efficiency, rose by 75 percent in 2008 alone. 
HSBC estimates that revenues will exceed $2,000 billion by 2020.3 

1.2. INVESTMENTS CREATE JOBS 
These massive investments in RDD&D in clean technologies may create thousands of highly 
knowledge intensive jobs in EU in the future. This would support the wishes of the EU as 
being the World’s most dynamic and knowledge based economy expressed in the Lisbon 
Agenda, cf. Box 1.1. 
 
Box 1.1 European goals as defined in the Lisbon Agenda  
”EU has today set itself a new strategic goal for the next decade: To become the most competitive and dy-
namic knowledge based economy in the world, an economy which can create sustainable growth with more 
and better jobs and greater social coherence.”  

Source: From the conclusions of the Chairmanship, Lisbon, 2000. 

 
Summarising a number of recent studies on job creation do suggest a significant job poten-
tial at around 2 million jobs in renewable energy alone, cf. Table 1.2.  
 
We have also made an own renewable energy job estimate based on two approaches. The 
first approach is based on existing sector studies for individual renewable energy sources. The 
second approach is based on the IEA capacity prediction. In this approach we have multi-
plied the IEA percentage forecasts for future capacity developments within individual renew-
able technologies (in Figure 1.1) with current employment within each renewable energy 
technology. On the one hand it is a rough approach as it assumes, among other, a stable 
proportional relationship between mega watt capacity and employment. On the other hand, 
it applies some consistency to the overall renewable job estimate by relating it to comparable 
capacity expansions and not individual sector experts’ estimate for each technology alone. 
The two approaches together provide an estimate of 2.4 million jobs to 3.2 million jobs in 
renewable energy, cf. Table 1.2. 

                                                        
3 Euractiv (2009) 
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Table 1.2 New jobs in the renewable energy sector in the EU, by 2020 
Source New jobs, thousands 

ALTENER (2002) 900a 

European Renewable Energy Council (2007 ) 2,000b 

European Commission (2003) 2,500c 

Ecofys et al. (2009) 2,800d 

Estimate by Copenhagen Economics based on IEA 2,400- 3,200* 

Note: The estimate compiled by Copenhagen Economics encompasses onshore and offshore wind, biomass inte-
grated gasification, photovoltaic systems, concentrating solar power (CSS). 
* For detailed information about the different estimates compiled by Copenhagen Economics, cf. Chapter 3 

Sources: 
a) Quoted in Ecotec (2002), p.13. 
b) European Renewable Energy Council (EREC), Renewable Energy Technology Roadmap up to 2020 (Brussels : 

January 2007), p. 12, originally quoted in WWF (2009). 
c)  European Commission, Monitoring and Modelling Initiative on the Targets for Renewable Energy, 2003, origi-

nally quoted in WWF (2009). 
d) Ecofys et al. (2009), p. 140. 

 
The estimates in Table 1.2 cover only renewable energy technologies. The reason is that by 
far, more technology studies (and the IEA capacity forecasts) on renewable energy technolo-
gies are, relatively, comparable. It is less the case for e.g. the energy efficiency and transport 
technologies. Jobs will, however, also be created within these technologies. In chapter 3 we 
present estimates for these technologies, which suggest an additional several million jobs may 
be created. 
 
The EU is in a good position to carry out R&D in clean technologies as it is currently a 
leader in this field. Measured by patents in renewable technologies, EU is ahead of the rest of 
the developed world, cf. Figure 1.2. 
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Figure 1.2 Patents on 6 renewable energy technologies  
Panel A: Absolute no. of carbon abatement technology EPO patents 

 
 
Panel B: No. of carbon abatement technolgy EPO patents relative to GDP  

 
Note: Included technologies: wind, solar, geothermal, ocean energy, biomass and waste. 
Source: Adopted from Johnstone et al. (2008) 

 
OECD Forum (2008) concludes that EU firms today hold a leading positions in energy effi-
ciency in motor vehicles, as well. Case evidence based on an interview with a European auto 
manufacturer, Daimler AG, suggests the same, cf. Box 1.2. However, as Daimler also points 
out, there mere fact that EU today is a leader in energy efficiency in cars is by no means a 
guarantee for the EU to continue to be a leader in the future. 
 

2755

1943

0

500

1000

1500

2000

2500

3000

Number of EPO patent applications
EU RoW

12,8

8,3

0,0

2,0

4,0

6,0

8,0

10,0

12,0

14,0

EPO patent applications per unit GDP
EU RoW



 Clean Technology and European Jobs 

 12 

Box 1.2 A leading position in the auto industry 
The European auto manufacturer Daimler AG is a leading car manufacturer, producing among other the 
Mercedes cars. The company spends a large fraction of its revenues on research and development, currently 
giving rise to more than 20,000 research and development jobs.  
 
A major share of the company’s research and development relate directly to improving energy efficiency 
and reducing pollution of cars. Other areas of research and development focus on for example safety and 
comfort.  
 
The company recognises the description of EU as a world technological leader in energy efficient and low-
pollution cars. However, in the company’s opinion, the technological development is currently moving 
faster in Asia than in the EU; and hence the historical leading position of the EU car industry in this area is 
not guaranteed to continue in the future. For example, China is currently making massive, coordinated in-
vestments in developing fuel cells for cars, whereas the efforts in the EU in the area of energy and pollution 
efficient cars are much more fragmented and un-coordinated. 

Source: Interview with person in Daimler AG, Intellectual Property & Technology Management. 

 
EU’s strong position in clean technology is an exception in what is sometimes referred to as 
the EU-US ‘innovation gap’. Examining innovation in other sectors, the EU is generally be-
hind the US. Take for example the latest 2008 European Innovation Scoreboard published 
by the European Commission, which indicates that the EU is behind the US on a number of 
measures of innovation4. With respect to EPO patents, the US outperformed the EU on the 
level of patents in 2008, as well as in terms of average annual growth rates measured over a 
5-year period (2003-2008), indicating an increase of the gap for this indicator in this period.  
 
Such ‘comparative’ advantage in clean technology could translate into large exports of clean 
technology also contributing to job creation in the EU. This is important to fully exploit as 
the transition to a low carbon economy will lead to transitional job losses in certain indus-
tries as they adjust to e.g. higher energy prices. It is therefore important that the EU get as 
much benefits and jobs from the expanding clean technology industries to ease the job crea-
tion process.  
 
Hence, the EU needs to provide the clean technology industry with good framework condi-
tions, including an IPR framework that allows EU to grow an industry with an already 
strong growth potential.  

1.3. IPR FACILITATES COST EFFECTIVE INVESTMENTS 
While it is an ambitious GHG reduction agreement that will create or drive demand for 
clean technology through e.g. high prices on GHG’s, other factors are necessary for EU 
firms to undertake investments in research and development of clean technology. This is 
where intellectual property rights come into play. General framework conditions, including 
IPR, are necessary for EU firms to undertake RDD&D investments. 
 
The massive lift in investment in developing clean technologies would be retarded without 
IPR. Like with any investment; if the risk on returns increases, a firm will tend to invest less. 

                                                        
4 Quoted in European Commission (2008). 
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This could seriously increase compliance costs in reaching GHG reduction targets and re-
duce the opportunities for job creation in the EU.  
 
Studies show that a strong IPR regime increases innovation, because firms are more likely to 
recoup their R&D investments. In fact, Kanwar and Evenson (2001), which try to quantify 
the relationship between strength of an IPR regime and the level of innovation, found that a 
weakening of intellectual property rights by 10 percent would reduce research and develop-
ment by 5-11 percent on average.  
 
Developing and emerging economies are pointing towards compulsory licensing of clean 
technologies5 invented in the developed countries as a way of financing their emission reduc-
tions. However, as we have seen, weakening the IPR system would reduce investments in 
RDD&D and job creation. Furthermore, we find that intellectual property rights are not a 
barrier to clean technology transfer from developed countries to developing countries. A se-
ries of recent papers, including Copenhagen Economics (2009), provide evidence that com-
pulsory licensing is not facilitating transfer of clean technology from developed to develop-
ing or emerging economies. In fact, evidence suggests that intellectual property rights are a 
prerequisite for transfer of technology. The reason is that with a strong intellectual property 
regime, firms are granted a guarantee that their technology is protected when licensing it off 
to other countries or when setting up subsidiaries where local employees gain access to key 
technical knowledge, which they could bring with them to competitors. 
 
There is little evidence that strong IPR in clean technology creates monopoly rents. On the 
contrary, strong competition exists within and between technologies reducing potential rents 
from IPR protection.  
 
If developing and emerging economies should be compensated for entering into an ambi-
tious agreement at the Copenhagen summit, this could much better be done simply through 
a transfer of funds from the developed countries to the developing and emerging economies. 
Also proper incentives to deploy low cost technologies in developing and emerging econo-
mies could be considered. For example, some emerging and developing economies have a 
history of subsidising fuel and energy consumption leading to over consumption of fuel and 
energy and thereby larger GHG emissions.  
 

                                                        
5 Compulsory licensing is a feature of IPR law, whereby an authorisation can be issued by a government to allow it-

self or manufacturers to produce patent-protected goods without patentee’s permission and with or without pay-

ment, cf. Nanda (2009). 
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In this chapter we present evidence on the positive link between IPR and the level of innova-
tion in firms and industries. We find that IPR stimulates innovation, and companies become 
more innovative when they are more certain that their inventions will be protected by IPR. 
Next, we give the evidence that IPR is not an obstacle to the transfer of carbon abatement 
technology to developing countries, where a significant fraction of the abatement effort is 
likely to take place. This section builds on the extensive results of our earlier study, and the 
reader interested in more details behind our findings is advised to refer to Copenhagen Eco-
nomics (2009). 
 
IPR is a part of firms’ innovation strategies, and strengthening of IPR protection improves 
firms’ ability to innovate as it increases chances of recouping the investment made. Firms in-
novate for commercial reasons and they consider whether a given IPR regime can help them 
to be successful. From a financial perspective, the decision to innovate is like any other in-
vestment that requires a capital outlay. It carries a certain risk and expected return. In this 
sense, IPR works as a means for protecting the cash flows that the firm intends to generate 
following its capital outlays on innovative activities. A patent gives the holder the sole right 
to use an innovation commercially and with it the ability to obtain prices which exceed pro-
duction costs and a normal rate of return for that innovation. Thus, IPR does not increase 
the return on investment but it minimises the risk of achieving no return when the innova-
tion is successful, but prone to being copied by others.  
 
IPR not only means that firms are likely to devote more resources to innovation (increasing 
their chance for success) but also increase their turnover once they are successful. The in-
vestments in innovation are of course closely linked to higher employment. Firstly, innova-
tive firms employ R&D staff to carry out innovative activities. Secondly, firms that are suc-
cessful with their innovative efforts employ greater production workforce to keep up with 
the increased demand for their products. In this way, IPR contributes not only to firms’ im-
proved profitability, but also to greater employment.  
 
In a future where innovation in carbon abatement technology must increase substantially, 
IPR serves to facilitate innovation by providing an incentive to innovate. In short, strength-
ening IPR will be good for innovation in carbon abatement technology and consequently for 
employment in this sector. The IEA projects a need for massive investments of thousands of 
billions of US dollars for the World, a large proportion of which are expected to be in 
Europe, cf. Table 2.1. 
 

Chapter 2 IPR,  INNOVATION  AND TECHNOLOGY TRANSFER 



 Clean Technology and European Jobs 

 15 

Table 2.1 Estimated investment outlays to meet the 450ppm scenario, 2005-2030 
 Research, development, demonstration and deployment, 2005-2030  
the World  $ 4,000 billion  

of which in Europe  $2,300- $2,800 billion  

Source: IEA (2008) 

2.1. IPR AND INNOVATION 
IPR appears to be good for innovation in carbon abatement technology. Studies looking at 
the role of IPR for innovation in carbon abatement technologies claim that IPR is good for 
innovation, cf. Table 2.2 In general, studies find that IPR works either to provide an incen-
tive to start innovating in carbon abetment technologies or to secure the return on invest-
ment following the commercialisation of a successful innovation, and thus stimulating future 
investments. 
 
Table 2.2 Positive effect of IPR on innovation in clean technology 
IPR measure Study  Findings (quantitative effects, where possible)  
Patent system in general Carbon Trust (2003) Patents in the energy industry should be used to break the 

dominance and the “lock-in” effect of incumbent energy gen-
eration technologies. 

Patent applications Foxon et al. (2005) cover-
ing 6 renewable energy 
technologies 

Difficulties with registering patents hinder collaboration be-
tween SMEs and universities. Patents are important to obtain 
financing required for commercialisation of technology 

Patent system in general OECD Forum (2008) By granting high-quality patents that we can ensure the mar-
ketability and economic success of landmark inventions. Pat-
ents have already contributed to innovation in developing cli-
mate change technologies, they should further be supportive.  

IPR protection in general E3G (2008) Without effective returns from IP the private sector will not 
continue increasing its investment in low carbon technology. 

Source: Copenhagen Economics 

 
Some try to quantify the relationship between how strong an IPR system is and the level of 
firm innovation this leads to. On study, however, is that of Kanwar and Evenson (2003). 
 
Kanwar and Evenson (2003) estimate the relationship between a patent protection index 
and the amount of R&D investment in a country, and estimate elasticities in the interval 
0.5-1.1. This means that a reduction of patent protection strength by 10 percent would lead 
to between 5 and 11 percent reduction in world R&D expenditure. Thus, if the interna-
tional patent system were weakened corresponding to the removal of the Paris Convention, 
world R&D would drop dramatically. Such a reduction in R&D expenditure would of 
course also have significant employment effects. 
 
It was actually Ginarte and Park (1997) that developed the index of the strength of patent 
protection that Kanwar and Evenson (2007) used in their study. The index is widely used 
for studying the impact of patent legislation on research and innovation.6  

                                                        
6 The index is constructed from scoring countries on five categories: 1) Patent coverage, 2) Membership in interna-

tional treaties, 3) Loss of protection measures against losses, 4) Enforcement and 5) Duration. Under each score 
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Assume hypothetically that all countries of the world were initially members of the Paris 
Convention, but decided no longer to obey the convention. Then the patent protection in-
dex would drop by one third, amounting to approximately a 13 percent decline. 
 

Box 2.1: IPR and innovation in GE Digital Energy 
GE Digital Energy develops solutions for power generation, power transmission and electronic communica-
tion. Some of the company’s products and services help firms achieve a reliable supply of energy while re-
ducing the energy consumption. The firm employs some 2,000 people worldwide. In Spain, 10 employees 
are working with innovation.  
 
GE Digital Energy does not undertake innovation unless it obtains intellectual property rights protection of 
the innovations made. Intellectual property rights are an integrated part of the company’s approach to in-
novation. It is not just about ensuring that the company’s investments in R&D have a payoff, but also a 
matter of ensuring that the company does not initiate the development of products which are somebody 
else’s intellectual property. 

Source: Interviews with GE staff carried out by Copenhagen Economics, September 2009 

2.2. IPR AS A POTENTIAL BARRIER TO TECHNOLOGY TRANSFER 
While the positive effect of IPR on employment and innovation is well documented and 
relatively uncontroversial, the role of IPR on technology transfer is more often contested. A 
frequent view is that patents, by grant a temporary monopoly on a technology, allow the 
IPR holder to charge a monopoly mark-up beyond what the specific patented improvement 
delivers in terms of increased efficiency. In other words, maybe patents limit competition 
and make a given technology too expensive. 

                                                                                                                                         
there are a number of indicators. For example, the value of the Membership in international treaties score is one if a 

country has signed up to both the Paris convention, the Patent Cooperation Treaty and the Protection of new Va-

rieties. If a country has signed up to only one, the value of the score would be one third. The value of the index is 

calculated by summing over the individual scores. Ginarte and Park (1997) calculate an average for the world of 

2.46 in 1990 for the index for patent protection; the higher the score, the better the patent protection. 
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As a result of extensive research, the current study claims that this is not the case. On the 
contrary, in the case of carbon abatement technology IPR is not a barrier to transfer of tech-
nology.  
 
This is because IPR does not harm competition between different carbon abatement tech-
nologies. Competition is in fact present and it improves access to technology in two ways.7  
 
Firstly, the individual carbon abatement technologies are competing. Thus, no single firm 
controls access to any technology. As documented in Copenhagen Economics (2009), CO2 
abatement is expected to be delivered through the deployment of many technologies. More-
over, many of them are already in the public domain.  
 
Secondly, no single country possesses control over all intellectual property which is pro-
tected. No economies will be in a position to bar others from accessing a given technology. 
For example for wind technology the country which designates most patents in developing 
countries accounts for only about 40 percent of all the wind technology patents designated 
in developing countries. The second, third and fourth largest patent holding nations account 
for 20 percent in total. The ownership of the remaining 40 percent of patents are scattered 
over a wide range of countries, cf. Figure 2.1. This suggests the presence of competition.8 
 
In the case of developing economies, there is hardly any protected intellectual property re-
garding carbon abatement technologies. 
 

                                                        
7 See Copenhagen Economics (2009) for details. 
8 It may even understate the degree of competition between different suppliers of green technologies because there is 
also competition between different firms residing in the same country. 
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Figure 2.1 Share of patents protected in developing countries held by the largest owner 
countries, percent, 1998-2008 

 
Note: See Copenhagen Economics (2009) for a list of the developing countries used in the patent data analysis. 
Source: Danish Patent Office. 

Empirical evidence of positive role of IPR for technology transfer 
IPR tends to be good for transfer of technology to developing countries. When firms believe 
that their intellectual property rights are safe, they will not be afraid to licence production to 
firms abroad or set up a subsidiary. The Vestas case presented in Box 2.2 provides an illustra-
tion of this. 
 
Box 2.2 Vestas’ IPR strategy  
When Vestas set up production of complex components abroad, the foreign employees obtain key technical 
knowledge which they could in principle use to establish new companies which compete with their old em-
ployer, or which they can bring with them to competitors when they change job. Companies which develop 
in this way have not had to make any investment in developing the technology and the expertise, so they 
do not have old investments to recuperate and they can charge a lower price for their products. 
 
Vestas wanted to avoid a situation in which the knowledge transferred by the company to foreign subsidi-
aries is turned to use against the company. 
 
Intellectual property rights is part of the strategy, Vestas ended up using in order to avoid leakage of key 
technical knowledge to competitors. The international system for protection of intellectual property rights 
is well known and constituted a relatively cheap way of obtaining a high degree of certainty that inventions 
are safe from counterfeit when production is set up abroad.  

Source:Interviews with Vestas staff conducted by Copenhagen Economics, September 2009 
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Literature gives some further evidence that the Vestas strategy on IPR is not an isolated case. 
Branstetter et al. (2002) has examined how the scope of technology transfer9 within US mul-
tinationals changes as a consequence when a series of IPR reforms10 in a country11 are imple-
mented. 
 
Branstetter et al. (2002) found that royalty payments for the use or sale of intangible assets 
made by affiliates to parent firms increase when IPR legislation increase following IPR re-
forms. This shows that US multinational companies are more actively transferring intangible 
assets (that might or might not be protected by IP rights) to their own affiliates in other 
countries, after the country has strengthened its IP legislation, cf. Figure 2.2. The results 
from Branstetter et al. (2002) also suggest that trade is stimulated by strengthened IP legisla-
tion, because royalty payments represent the sale of IP rights between subsidiaries of a firm. 
 
Figure 2.2 Technology transfer before and after IPR reforms 

Note: At time ‘t’ IPR reforms strengthening enforcement of IPR law are implemented.  
Source: Branstetter et al. (2002). 

 

                                                        
9 Technology transfer is normally defined as a comprehensive set of activities where a technology owner may on the 
basis of a concluded license agreement transfer rights to the use of a given technology to other persons or legal enti-
ties. In Branstetter article, the term “technology transfer” (most unusually) refers to the transfer of rights between 
company headquarters and group affiliates in other countries. 
10 IPR reforms which strengthen the IPR legislations 
11 Countries examined: Argentina, Brazil, Chile, China, Colombia, Indonesia, Japan, Mexico, Philippines, Portugal, 
South Korea, Spain, Taiwan, Thailand, Turkey and Venezuela.  
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In addition to the Branstetter et al. (2002) study, there is more evidence that IP generally fa-
cilitates technology transfer. We have summarized the findings from a selection of the litera-
ture in Table 2.3, which documents a predominantly positive effect that technology transfer 
increases following IP reforms, both through trade but also foreign direct investment chan-
nels.  
  
Table 2.3 IP reforms facilitate technology transfer 

Technology Transfer  Study  General Findings  
 

Trade     Maskus and Penubarti (1995)   + , 0 in patent sensitive industries  

Trade     Fink and Braga (1999)   +, 0 for hightech goods  

Trade     Smith (1999)     + , - in patent sensitive industries  

Trade     Co (2004)     +, - in high  R&D sectors   

FDI     Lee and Mansfield (1996)     n/a    

FDI     Braga and Fink (1998)     0    

FDI     Nunnenkamp and Spatz (2004)     +    

FDI     Branstetter et al. (2005)     +    

FDI     Mayer and Pfister (2001)     -   

FDI     Javocik (2004)     +, 0 for low tech sectors    
Note: “+” means that IPR strengthening results in more technology transfer. “-“ means that IPR strengthening re-

sults in less technology transfer. “0” indicates no measurable effect. 
Source:  Park (2008) and Copenhagen Economics 

 



 Clean Technology and European Jobs 

 21 

In this chapter, we present the empirical evidence of the general relationship between inno-
vation and job creation in firms. Then, we explain the role IPR is likely to play in determin-
ing employment in European firms, and finally provide detailed estimates of current and 
new jobs created as a result of investment in various clean technologies.  

3.1. INNOVATION, GROWTH AND EMPLOYMENT 
Firms which innovate in both products and processes grow faster and are more likely to ex-
pand employment than non-innovative firms, regardless of industry, size or other character-
istics (Pianta (2003)).  
 
In Table 3.1 we have summarized further studies which give quantitative estimates of the ef-
fects. The studies show that innovative firms have, on average, higher employment than 
non-innovative firms. In particular, the study by van Reenen (1997) estimates that for each 
innovation, employment increases by 1-3 percent.  
 
Table 3.1 Studies quantifying positive effects of innovation on employment 
Study  Effect on employment 
Greenan & Guellec (2003) Innovative firms have 1.6 percent higher average annual employment growth 

Harabi (2000) Eco-innovating firms have 0.41 higher probability of higher employment than non-
investing firms in the long run.  

Horbach (2008) An innovative firm has 0.61 higher probability of increased employment and a 1.04 
higher probability of higher employment expectations 

Van Reenen (1997) For  one innovation, employment increases by 1%-3%  

Source: Copenhagen Economics 

3.2. LOCATION OF NEW JOBS 
In this section, we investigate the mechanisms that will likely shape the decisions about 
where to locate the extra jobs that will result from the innovative activities of European 
firms. IPR facilitates an increase in the global number of production jobs, but a priori it is 
not certain whether these jobs will be located in Europe or elsewhere.  
 
European firms that wish to invest money in innovating in carbon abatement technologies 
will require two kinds of employees: 
 

 R&D staff – to carry out innovative activities 
 Production staff – to carry out production once the innovations have been success-

ful 
 
The new jobs in R&D are likely to remain in Europe. As IPR gives rise to more innovation, 
this in turn will increase the demand for employees capable of delivering innovation. IPR is 
thus good for the employment of highly skilled employees. Highly skilled jobs will tend to 
be located where the labour force is highly educated and experienced with carbon abatement 

Chapter 3 INNOVATION AND JOB CREATION 
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technology. As argued in Chapter 1, the EU at present holds a very strong position as an 
early mover in carbon abatement technology. Therefore it is reasonable to expect that the 
EU will most likely experience job creation within these high skilled groups. 
 
It is less certain how many production jobs will be created and whether these jobs will re-
main in Europe. Although it is likely that innovation will increase the demand for produc-
tion employees, IPR can exert opposing influences on where production jobs will be located. 
This is because opposing forces are at work.  
 
On the one hand, IPR may facilitate offshoring of jobs. IPR allows EU firms to offshore 
production and move technical knowledge abroad without the fear of ‘technology leakage’. 
This argument indicates that IPR may be bad for EU production jobs. 
 
On the other hand, IPR should not be seen as the culprit in the case of a potential job loss. 
Should there be no IPR protection, EU firms would have no choice but to move production 
to where the unit costs of production are the lowest – which may very well be outside the 
EU, cf. Table 3.2. 
 
Table 3.2 Likely employment effects in R&D and production activities  
Employment effects in EU carbon abatement technology industry 

R&D activities  Production activities  
uncertain positive 

Source: Copenhagen Economics 

 
IPR also reduces the risk of low-quality counterfeit products, which could give rise to nega-
tive image effects, cf. Box 3.1. 
 
Box 3.1: IPR and licensing 
Daimler AG expects to increase research and development efforts substantially in the future, and obtaining 
IPR protection of the company’s technological developments is an integrated part of its innovation strat-
egy. 
 
The company stresses that a major concern relating to IPR protection is that weak IPR protection allows for 
the proliferation of low-quality counterfeit components. It is a great problem for the company when low 
quality counterfeit components suffer from defects, because of the negative image effects when the com-
pany’s cars break down, even though the problems are due to counterfeit components. A strong IPR regime 
allows the company to control the quality of the production which is licensed to firms abroad.  

Source: Interview with person in Daimler AG, Intellectual Property & Technology Management. 

3.3. ESTIMATES OF JOB CREATION 
We present estimates of the number of jobs that will be created at the level of the individual 
carbon abatement technologies. Table 3.3 gives (the current and) new jobs in the power 
generation sectors, while Table 3.4 covers the technologies that will be deployed in the 
building (construction), transport and industry sectors. The estimates of the number of new 
jobs are sourced following two approaches. The covered technologies are those which have 
been identified by IEA (2008) as the most likely ones to take a significant share of the re-



 Clean Technology and European Jobs 

 23 

quired carbon abatement in the world – and hence for which a significant investment will be 
necessary. 
 
The first approach was to carry out a thorough survey of studies, which report estimates of 
current and new jobs at the level of individual technologies. In particular, WWF (2009), 
ETUC et al. (2007) and Ecofys et al. (2009) provide a number of the figures.12 All the 
sources we consulted are duly referenced in the notes to the tables and in the bibliography.  

The studies contain both current as well as projected employment. Current employment 
figures reported in these studies have (where possible) been sourced from official statistical 
sources, including Eurostat. In cases where the technologies are not included as separate 
categories in statistics, the studies have interviewed experts in the industries concerned, e.g. 
in windmills or in the case of fuel cells, made a survey of the companies in the industry. 

Regarding employment projections, we extracted those which conform to the required ca-
pacity to be installed by 2030, consistent with the 450 ppm scenario. The approach used in 
a number of sectoral studies has been to extrapolate current employment levels based on as-
sumptions about the development in productivity levels and knowledge of the required ca-
pacity to be installed. More sophisticated modelling studies operate with additional assump-
tions of which the most important ones concern projections of energy demand, energy 
prices, and costs of installed capacity for the individual carbon abatement technologies. 
 
The second approach we followed was to develop our own ‘capacity based’ estimates of new 
jobs. To do this, we followed a simple methodology, which was to assume that the number 
of new jobs will be proportional to the required expansion in capacity as given by the IEA 
(2008) and shown in Figure 1.1. We call these estimates “Based on IEA capacity projection”. 

Jobs in the power generation sector 
Table 3.3 gives the overview of the energy generation technologies, including renewable en-
ergy and other energy technologies. According to IEA (2008), both of them are set to play a 
significant role in delivering abatement in the 450 ppm scenario in Europe. 
 
Renewable energy technologies are expected to generate 2.4-3.2 million (the 2,360-3,235 
thousand in the table) new jobs in Europe by 2030. The most important sectors in terms of 
new jobs will be the solar technologies: photovoltaic and concentrating solar power. Biomass 
and wind will be significant, though account for less new jobs.  
 
Regarding the other energy generation technologies, most new jobs will likely be created due 
to the deployment of carbon capture and storage. While employment in carbon capture and 
storage is negligible today, the available sectoral studies estimate between 70-120 thousand 

                                                        
12 ETUC et al. (2007) and WWF (2009) contain a compilation of figures from various sources, including sectoral 
studies. Ecofys et al. (2009) is a standalone modelling study. 
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new jobs in the UK and Germany alone. Hence, total new power generation jobs are esti-
mated at 2.4-3.4 million. 
 
Table 3.3 Current and new jobs in the power generation sector 

IEA technology Employment, 
today 

Projected job growth, 2030 
RDD&D in 
Europe, USD 
billion h 

Sector  
studies 

Based on IEA 
capacity pro-
jection* 

Renewable energy technologies     

Onshore and offshore wind 110 d e f 260d e f 1,485 230-250 

Biomass integrated gasification 30d 300g 375 25-30 

Photovoltaic systems 52-90 f 1,300 f  650 – 1,125 45-55 

Concentrating solar power (CSS) 20-30 f 500 f 250 85-95 

Subtotal: 212-260 2,360 2,760-3,235 385-430 

Other energy technologies     

Carbon capture and storage - 70-120 a b 39 30-35 

Nuclear power plants 71 c -10 to +26 c 125 120-140 

Coal integrated gasification combined cycle (IGCC) 
34 c  41 180-200 

Coal ultra-supercritical steam cycle (USCSC) 

Subtotal 105 60 - 146 205 330-375 

Total energy generation 317-365 2,420-2,506 2,965-3,440 715-805 

Note: Estimates for “solar space and water heating” from the buildings sector are included in “concentrating solar 
power” (CSS) in the power sector since separate employment estimates were not available. Estimates for 
IGCC and USCSC have been summed.  
* Developed based on the IEA (2008) forecasts of capacity expansion. 

Sources:  
a) 30.000-60.000 jobs in Germany by 2020, Prognos AG in WWF (2009) 
b) 40.000 – 60.000 jobs in the he UK, NCE (2009)  
c) ETUC et al. (2007). The current number of jobs is estimate of jobs in construction, manufacturing, installation 

jobs and excluding operations, maintenance and fuel processing jobs, ETUC et al. (2007) in table III.8, in 
2010 under BAU. Projections are based on the P&M Wuppertal and EEALCEP scenarios in 2020. 

d)  Ecofys  et al. (2009) 
e) EWEA (2009) 
f) WWF (2009), employment for electric and hybrid cars is estimated as production of fuel efficient cars with emis-

sions below 120g CO2 per km. 
g) European Commission (2007) in http://www.climatechangecorp.com/content.asp?ContentID=5328 
h) IEA (2008), Chapter 3 

http://www.climatechangecorp.com/content.asp?ContentID=5328
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Current and new jobs in buildings, transport and industry sectors 
Table 3.4 gives estimates of current employment and new jobs in buildings, transport and 
industry sectors. Abatement in these sectors mostly concerns the implementation of various 
energy efficiency measures, but also new technologies such as hybrid cars in transport and 
carbon capture and storage in industry. 
 
The bulk of new jobs will be sustained in the transport and buildings sectors. In transport, 
the new jobs will stem from increased fuel efficiency. Second-generation bio fuels are also 
poised to provide a significant number of new jobs. In construction, the bulk of new jobs 
will be in energy efficiency in buildings and household appliances. Jobs in ‘energy efficiency 
in buildings’ will be increased through the construction of new, efficient buildings and retro-
fits. The efficiency of household electric appliances will increase when the old stock of appli-
ances, such as white goods and consumer electronics, is replaced with more efficient stock.  
 
Table 3.4 New jobs in the buildings, transport and industry sectors 
IEA technology Employment, today Projected growth, 

2030 Sector studies 
RDD&D in Europe, 
USD billion h 

Buildings sector technologies    

Energy efficiency in buildings and appliances 15,700j 275-850i 
1,000-1,500j 

N/A 

Heat pumps (geothermal) 12d 150d 30-35 

Subtotal: 15,700 1,425-2,500 30-35 

Transport sector (total)    

Energy  (fuel) efficiency in transport 4,480 k 2,170 k N/A 

Second-generation biofuels 50 l 370 l 15-20 

Electric and plug-in hybrid vehicles 150 f N/A 815-920 

Hydrogen fuel cell vehicles 1-2 m N/A 758-960 

Subtotal: 4,680 2,540 1,588-1,900 

Industry sector    

Carbon capture and storage N/A N/A 14-16 

Subtotal: N/A N/A 14-16 

Total Buildings, transport and industry 20,000* 4,000-5,000 1,632-1,951 

GRAND TOTAL (including Table 3.3) 20,500* 7,000-8,500* 2,343-2,754 

Note: “Industrial motor systems” have been excluded from the table since neither the IEA investment figure is 
available, nor employment statistics or estimates.  
* The grand total figure is rounded off to the nearest ½ million 

Sources:  
i) Eurima in WWF (2009) 
j) European Construction Industry Federation and Eurostat in ETUC et al. (2007) 
k) ETUC et al. (2007), for energy efficiency in transport ETUC estimates total employment in the transport sector.  
l) First and second generation bio fuels, projection by 2010, EREC in WWF (2009) 
m) PWC (2009), approximated as total employment in the fuel cell sector in Europe 
n) Extrapolative projection assumed based on IEA (2008) expected expansion in installed capacity.  
o) For coal technologies in general, the IEA expects the need for a 20%increase generation capacity.1 

 
The number of jobs created in transport may seem large. However, the area of energy effi-
ciency in the automotive industry is highly prioritised as illustrated by the Daimler AG case 
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interviews already mentioned in the previous parts of the report. This is further demon-
strated by the fact that Daimler AG does not expect e.g. the current financial and economic 
crises to affect its research and development effort in this area.  
 



 Clean Technology and European Jobs 

 27 

Altener (2002), The impact of renewables on employment and economic growth, ALTEN-
ER project 4.1030/E/97-009 

 
Bloomberg (2009), Siemens, Munich Re Start Developing Sahara Project, available at 
http://www.bloomberg.com/apps/news?pid=20601085&sid=aoA1lvLbVDXU 

 
Brandley (2008), Energy Strategies for Cost Effective Mitigation: Lessons from IEA analysis, 
OECD/IEA, 2008, presentation available at: 
http://unfccc.int/files/meetings/cop_14/press/application/pdf/20081210brandley.pdf 
 
Branstetter  et al. (2002), “Do stronger patents induce more innovation? Evidence from the 
1988 Japanese patent law reforms”, RAND Journal of Economics, Vol. 32, No. 1, Spring 
2001, pp. 77–100. 
 

Copenhagen Economics (2009), IPR as a barrier to transfer of climate change technology, 
study commissioned by DG Trade, December 2008. 

Ecofys et al. (2008), The impact of renewable energy policy on economic 
growth and employment in the European Union, April 2009 

ECOTEC (2002), Renewable Energy Sector in the EU: its Employment and Export Poten-
tial, Study commissioned byDG Environment. 
 

ETUC et al. (2007), Climate change and employment. Impact on employment in the Euro-
pean Union-25 of climate change and CO2 emission reduction measures by 2030, February 
2007. 
 

Euractiv (2009), HSBC: World climate business revenue $2trln by 2020, published: Mon-
day 21 September, 2009, available at: http://www.euractiv.com/en/climate-change/hsbc-
world-climate-business-revenue-2-trln-2020/article-185596 

European Commission (2003), Monitoring and Modelling Initiative on the Targets for Re-
newable Energy, 2003, originally quoted in WWF (2009). 

European Commission (2008), A more research-intensive and integrated European Research 
Area – Science, Technology and Competitiveness, key figures report 2008-2009. 
 

European Renewable Energy Council (2007)), “Renewable Energy Technology Roadmap up 
to 2020 “, January 2007, Brussels 

EWEA (2009), Wind energy and the job market, 02/2009 
 

REFERENCES 

http://www.bloomberg.com/apps/news?pid=20601085&sid=aoA1lvLbVDXU
http://unfccc.int/files/meetings/cop_14/press/application/pdf/20081210brandley.pdf
http://www.euractiv.com/en/climate-change/hsbc-


 Clean Technology and European Jobs 

 28 

Foxon et al. (2003), Inducing innovation for a low-carbon future: drivers, barriers and poli-
cies, Report for Carbon Trust, July 2003 
 

Foxon et al.(2004), “UK innovation systems for new and renewable energy technologies: 
drivers, barriers and systems failures”, Energy Policy,  Vol. 33, Issue 16, pp. 2123-2137. 
 

Ginarte and Park (1997), “Determinants of patent rights: A cross-national study”, Research 
Policy, Vol. 26, Issue 3, 283-301. 
 
Greenan & Guellec (2003), “Technological Innovation and Employment Reallocation”, La-
bour, Vol. 14, Issue 4, pp.547-590. 
 
Harabi (2000), “Employment Effects of Ecological Innovations: An Empirical Analysis”, 
MPRA Paper No. 4395, December 2000 
 

Horbach (2008), The Impact of Innovation Activities on Employment in the Environmen-
tal Sector – Empirical Results for Germany at the Firm Level, August 2008 
 

IEA (2008),“Energy Technology Perspectives  2008: Scenarios & Strategies to 2050” 

Interviews with GE staff carried out by Copenhagen Economics, September 2009 
 

Interviews with Vestas staff conducted by Copenhagen Economics, September 2009 
 

Johnstone et al. (2008), “Invention and Transfer of Climate Change Mitigation 
Technologies on a Global Scale: A Study Drawing on Patent Data” 
 

Kanwar and Evenson (2001), “Does intellectual property protection spur technological 
change? “ ,Yale University Center Discussion Paper no.83, June 2001 
 

Kanwar and Evenson (2003), “Does intellectual property protection spur technological 
change? “, Oxford Economic Papers 2003, 55, 235-264. 

Meera Ghani-Eneland, “Jobs and the Climate and Energy Package”, WWF European Policy 
Office, Brussels, October 2008 

Nanda (2009), “Diffusion of Climate Friendy Technologies : Can compulsory licensing 
help?”, Journal of Intellectual Property Rights, Vol 14, May 2009, pp 241-246 
 

NCE (2009), Carbon capture technology to create: “30,000-60,000 jobs”, New Civil Engi-
neer, 17 June 2009,  available at: 
http://www.nce.co.uk/news/energy/carbon-capture-technology-to-create-30000-60000-
jobs/5203623.article 

http://www.nce.co.uk/news/energy/carbon-capture-technology-to-create-30000-60000-


 Clean Technology and European Jobs 

 29 

OECD Forum (2008), Compendium of patent statistics 
 

Park & Lippoldt (2005), “International licensing and the strengthening of intellectual prop-
erty rights in developing countries during the 1990s”, OECD Economic Studies No. 40, 
2005/1 
 

Park, Walter,(2008)  “Intellectual Property Rights and International Innovation," Chapter 9 
in Keith Maskus (ed.), Frontiers of Economics and Globalization, Vol.2, 289-327, Elsevier 
Science, 2008 

PWC (2008), 2007 Worldwide Fuel Cell Industry Survey 
 

Renewable Energy (2009), Solar Power Plants Planned For Sahara, available at: 
http://www.solarpowerwindenergy.org/2009/07/13/solar-power-plants-planned-for-sahara/  
 

Schneider (2005)   
 

Tomlinson et al. (2008), Innovation and 
Technology Transfer- Framework for a Global Climate Deal, Report for E3G, November 
2008. 
 
Van Reenen (1997), “Employment and Technological Innovation: Evidence from UK 
Manufacturing Firms”, Labour Economics, Vol. 15, No. 2.  

WWF (2009), Low carbon Jobs for Europe- Current Opportunities and Future Prospects, 
June 2009 
 
 

http://www.solarpowerwindenergy.org/2009/07/13/solar-power-plants-planned-for-sahara/


 Clean Technology and European Jobs 

 30 

 
Table 3.5 Scenarios used in employment projections 
Study Scenario description 
IEA (2008) BLUE scenario: IPCC recommendation to reduce emissions by 50-80% by 2050 to 

contain global temperature rise to 2 – 2.4°C – consistent stabilisation in atmos-
pheric CO2 concentration at 450ppm. 

CE capacity based projection Required expansion of energy generation capacity according to IEA’s BLUE sce-
nario 

Ecofys et al. (2009) Accelerated deployment policies (ADP) include policies designed to meet the 
agreed EU target of 20% renewable energy generation by 2020, on the EU and 
national levels; a continuation of national renewable energy policies is assumed 
until 2030. Consistent with the BLUE scenario.  

WWF (2009) EU official target from the December 2008 climate and energy package (20% CO2 
emission reductions by 2020 relative to 1990 levels, rising to 30 if other industri-
alised countries join the effort), and increasing the share of renewables of all 
primary energy consumed by 20 percent. Consistent with the BLUE scenario. 

ETUC et al. (2007) ETUC et al. (2007) are consistent with the EU goal for 20% renewable energy in 
2020 and the 450ppm scenario. The study reports projections based on two sce-
narios that are compatible with the ambitious EU targets: the P&M Wuppertal 
and EEA LCEP. 

Source: Copenhagen Economics based on the sources 
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