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Preface  

This  report collates a set of indicators, figures and tables for the energy innovation system in Denmark. 

Emphasis is on renewable energy and other technologies for moving  towards sustainability. The purpos e is to 

provide an overview of in dicators available for illuminating  dynamics and characteristics of energy innovation 

system s and  to the extent possible  offer  figures of the developments in  the individual  indicators.  

 

The  report is an update of a report published in 2012. G raphs  and numbers are updated with the most recent 

data available. The  text is updated where needed in connection to the individual indicators as well as in the 

general remarks and conclusions . A limited number of  new  indicators  and measurements are included . In 

addition, the accounts are i n a few cases changed due to change s in d ata availability or in measurement  

methods . 

 

The report is  produced as part of the activities in “EIS – Strategic research alliance for Energy Innovation 

Systems and their dynamics –  Denmark in global competition” . EIS is  funded by the Danish Council for 

Strategic Research  (Innovation Fund Denmark) and by the involved research organisations. 

 

The work is based on a  number of existing statistics and analyses . Among the latter  are  a pilot report for Nordic 

Energy Technology Scoreboard (Klitkou et al., 2010 ) , the eNERGIA project (Klitkou et al., 2008 ) , the project 

“Patterns of need integration and co -operation in Nordic energy innovation systems ”  (Borup et al., 2008 ) , a 

IPTS commissioned project on patents  in the fields of wind energy, photovoltaic s and concentrating solar power 

( Iversen and Patel, 2010 ) , the EIS  project  (Borup et al., 201 3a; 2013b; 2016 )  and  analyses carried out in 

connection to the project “Frame work  conditions, innovation and growth opportunities in the energy area ” 

(Borup e t al., 200 9; Tanner et al., 2009 ) . 
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1 Introduction 

Knowledge about the innovation systems with respect to new energy  solutions and  technologies is of central 

importance for understanding the dynamics of change in the energy sector and  for discussion of  opportunities 

for moving towards more climate - friendly  and sustainable energy systems as well as for creating  socio -

economic development  in the field, including creation of new businesses, work places, etc.  

 

This  is the topic that in general is addressed in the research activities of the “ EIS – Strategic research alliance 

for  Energy Innovation Systems and their dynamics – Denmark in global competition” . As part of this, the 

present report provides  an overvie w of the available indicators of energy innovation systems  and points out  

some of the limitations and strengths  there currently are  in these. Focus is on Denmark. Figures for other 

countries , primarily Nordic or European,  are  in some cases  show ed as well , offering a comparative perspective . 
 

1.1 Why indicators?  

Different dimensions of human activities and conditions have long been subjected to measurement. 

Measurements, for example, allow comparisons over time and between populations . Compiling measurements 

can be a useful means in taking stock and in determining the extent of change that may be due to different 

given factors. In terms of innovation, cross -country comparisons can be used to posit an empirical relation 

between  e.g.  knowle dge accumulation and growth of output or productivity.  

 

There are some initial caveats which should be noted at the outset of this report. A general one is that 

sometimes the zeal to measure can obscure or blind one to the purpose of the exercise in the fi rst place. 

Indicators on the conditions and performance of low carbon energy technology are in many cases still taking 

shape. I nternational data collection agencies such as the International Energy Agency (IEA), the Organisation of 

Economic Cooperation and  Development (OECD), Eurostat, and others provide information about the 

established data collection standards and related guidelines which are documented along with limitations. This 

report present s data that in many cases  are  collected from such recognised authorities. In applying the data, 

however, one should remain critical of their use.  

 

A second more specific caveat is that some activities and conditions lend themselves better to measurement 

than others (Verbeek et al., 2002 ) . Even straightforward measures, such as greenhouse gas emissions, can 

pose difficulties. The measurement of technolog y and innovation activities is a far more challenging area that 

poses a set of general challenges both in terms of  defining, collection and interpretation of data (OECD, 1992 ) . 

 

One  indicator, or one number , does not in itself offer  much insight. Only through comparison , or  in other ways 

put in perspective and connected to other bits of knowledge , is true  insight obtained. One of the  reason s for 

gathering a number of different indicators together in one report is to establish an overview and a  basis for 

insight that is otherwise rarely made available .  

 

The target groups for the report are primarily policy and strategy makers , analysts, researchers, etc. , dealing 

with issues of energy change and innovation either on  national , societal  or  sector level , or on the level of an 

energy technology area as such . Hence, the indicators selected for the report contribute to overview and a 

general  picture of the state of affairs, rather than insight in the details  of energy innovation.  

 

It is  the  intention that our analyses of indicators of energy innovation systems  can contribute  input to  further  

discussions of  developments of  new  and improved  indicator standards . The focus  of  the report is  on establishing 

overview and on identifying  blind spots, methodological challenges, etc. To the extent possible, e mpha sis is on 

drawing on data source s that are as ‘official as possib le’, preferably part of official  statistics offere d by 

recognized national or international institutions , up -dated annually, etc . This is however a trade -off, as many 

official statistics do not offer sufficient insight in energy innovation and are too general. Moreover, it is not 

always that the general, international databases have the  best and  most complete data. Therefore,  a number of 

indicators are included  in the report  even though they are not officially established and not up -dated regular ly.  
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1.2 Structure o f report  and indicator presentation 

Chapter 2 firstly introduces the  analysis perspective of innovation systems and suggests a row of  indicators that 

are relevant for measuring energy  innovation systems. Thereafter, the challenges of  addressing renewable 

energy technologies and other low carbon technologies for sustainability  are discussed and an initial description 

of the  landscape of existing statistics  and  its  current limitations is made . 

 

Chapter 3 presents figures  on a number of selected indicators . This  includ es comments  and  methodological  

remarks on individual indicators. The indicators are organised in three main categories: 

 

1. Input indicators   The platform for the energy  innovation system and public  support and 

investments in it. 

2. Throughput indicators  The working and dynamics of the energy innovation system –  the activities and 

processes.  

3. Output indicators   The performance of the energy innovation system – the resulting outcomes.  
 
The chapter is structured accordingly with sub sequent secti ons on input, throughput and output indicators . 

 

Energy innovation systems are not machines. The categorisation in input, throughput, and output indicators 

shall not be taken as an suggestion of a mechanical understanding of energy innovation systems where a 

wanted output can be obtained ‘just’ by adjusting on the input side. Rather energy innovation and change are 

highly complex processes appearing through often long - lasting and multifaceted ef forts. Linear development 

models  are not adequate models of innovation and change in the energy syste ms. Spiral - like models with 

numerous  circular processes and feedbacks offer a  better explanation of reality . C hange often to some  degree  

grows out of the existing.  

 

The geographical focus of th e report is defined to Denmark and , to the extent comparable data are  available , 

other Nordic countries, offering perspective and benchmark opportunities . We moreover explore the potential 

time -series for different data . Ideally, indicator data for every year ten, twenty, or more years back in time 

would be nice and preferr ed for the set of indicators in general. In many cases, this is however not available 

and shorter time periods as w ell as indicators that are infrequently updated are included as well. 

 

The  technological focus is on low -carbon technologies for sustainable energy systems, primarily renewable 

energy technologies like wind energy, bioenergy and solar energy , and energy efficiency technology . In some 

cases also other technologies are covered , e.g.,  conversion technologies like fuel cells and other  areas of  

rene wable technology like geothermal energy and wave energy that have  until now  been  of smaller importance 

for Denmark.  
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2 Background  – concepts and issues  

2.1 Innovation systems 

Analyses  of innovation systems have  over that latest 20  years documented  that patterns and conditions of 

innovation are not identical across the wo rld but vary  from country to country as well as  between sectors  and 

technology areas  (Edquist, 1997 ; Edquist and Hommen, 2008 ; Hekkert et al., 2007 ; Lundvall, 1992 ; Malerba, 

2002; Nelson, 1993 ) . 

 

Differences between the innovative  performance s of  innovation systems  can be ascribed to differences in the 

specific constitution of the learning and knowledge production, in the industry  and market  structures , and in the 

institutional set- up . This is illustrated in the figure below. The capability of change and innovation can usually 

not be explained by one factor alone, e.g. by  science and research alone, by market forces alone, or by p olicies 

and institutions alone. On the contrary, the system character of innovation systems refers to the fact that 

development and innovation appear in complex interplay  between numerous  actors , e.g.,  companies, their 

customers and sub -suppliers, research and educational institutions, authorities, intere st organisations , etc. , and 

through a multitude of activities and interaction processes. 

 

This makes it a challenge to establish a useful set of indicators of energy innovation systems. I t points to that 

the quality of an innovation system cannot be measur ed by one, single measuring dimension only. Instead a 

combination of indicators must be employed.  

 

Figure 1:  Innovation systems and their innovation performance. 

 
Source: Gregersen and Johnson (1997) 

 

Central constituents of  innovation systems are the set of actors  involved , their networks, the institutions , and 

the infrastructure  developed  including e.g. communication and knowledge systems, energy and  transportation  

systems, market structures, standards and certification systems . In its’  most general sense, an innovation 

system can be defined as “the elements and relationships, which interact in the production, diffusion and use of 

  

consumer   
demand structure   

policies   

institutional   
set - up   

production   
structure   

knowledge   
infrastructure   

innovation   performance   

direct and indirect   learning   
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new and economically useful knowledge” ( Lundvall, 1992, p. 12 ) . K nowledge  is hence central, but only in the  

broad sense that includes both informal knowledge and formalised knowledge. By employing the term learning, 

innovation system analyses  ensure this and  address knowledge and competence build -up broadly , ranging fro m 

market -based learning, learning -by -using and learning -by -doing over entrepreneurial experimentation and 

industrial product development, to formalised knowledge production, research and educations at universities.  

 

In line with Lundvall’s definition of innovation system, “innovation” can be seen as an original contribution to 

the stock of knowledge in the economy ( Verspagen, 1994 ) . Innovation process hence encompasses a series of 

scientific, technological, organisational, financial and commercial activities, whose  boundaries are not necessary 

sharp. The underlying activities and the overall process are seldom  homogeneous  and ideal , but often 

pragmatic and particular to a given situation.   

 

 

Maturity and functions in establishment of new technology areas  

The dynamics of innovation systems differ between mature areas where industrial networks and market 

applications are well developed , and immature areas where the networks are scattered and market application 

has not,  or only to a small extent,  been reached  (Foxon et al., 2005 ; Jacobsson and Bergek, 2004 ) . In mature 

areas, industrial companies, consumers , market s, and ind ustrial interest organisations  are usually central and 

the number of actors is high. I n immature areas other types of actors, e.g., policy makers, public agencies, 

research communi ties, environmental interest organisations, or  public m ovements can often be more central 

and  the number of actors will  typically  be smaller.  The differences between mature and immature areas are a 

challenge for establishment of a set of indicators of energy innovation systems, not only in sense of measuring 

whether it is mature  or not, but also in the sense of  being able to  detect dynamics and characteristics in both 

kinds of areas.  Change from an immature to a mature situation is moreover a complex and usually long - lasting 

process. This is a further measuring challenge . 

 

Table 1: Functions of innovation systems for establishing new technologies for sustainability (Hekkert and 
Negro, 2009 )  and examples of indicators.  

Functions:  Examples of indicators :  

Entrepreneurial activities and 

experimentation  

-  Experimental application projects  

-  New product introductions  

-  New businesses  

Knowledge development 

(learning) 

-  Scientific publications  

-  Technology application (learning -by -using) 

-  R&D funding  

-  Patents  

Knowledge exchange in 

networks  

-  Collaboration patterns  

-  Demonstration projects  

-  Network participation 

-  Conferences and debate meetings 

-  Interest organisations (industrial , environmental , etc. )  

Market formation  -  Market application  

-  Public market support  

-  Trade and e xports  

-  Standards and certifications  

Mobilization of resources  -  R&D funding  

-  Investments  

-  Personnel -  R&D /  other  

Guidance of the search – 

shared visions  

-  Policy action plans  

-  Shared strategies and roadmaps  

-  Debate activities  

Legitimacy  -  Public opinions on energy technologies and systems  

-  Regulatory acceptance and integration  
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The difference between mature and immature areas is addressed  in a number of analyses of technology -specific 

innovation systems ( Hekkert and Negro, 2009 ; Jacobsson and Bergek, 2004 ) . It is identified that in order for 

new technologies to move towards a more well -established and mature situation, a number of activities, or 

‘functions’ in the innovation system are typically important. The functions are shown in Table 1 together with 

examples of indicators that are relevant in connection to the individual functions. 

 

The functions are overlapping and should not be understood as mechanical or functionalistic building blocks. 

Moreover, the functions are activities considered on a relatively general level. The specific interaction patterns 

and development dynamics within and between the different functions can take on many shapes. The point is, 

however, that the functions generally appear in connection with development of a new technology area, at least 

in cases where the technology becomes successful and  obtains widesprea d application; and maybe, ultimately, 

changes the existing technology regimes in a sector. This  point is highly relevant when considering energy 

innovation and changes towards more sustainable energy system s. 

 

The conceptual framework established by the OECD in the early 1990s  for collecting and interpreting data on 

technological innovation and R&D  provides a useful point of reference for this exercise. T he first edition of the 

‘Oslo Manual ’ on the m easurement of scientific and technological activities  define d innovation rather narrow ly  in 

terms of new products and processes and significant technological changes in product and processes  (OECD, 

1992) . However, this was not sufficient for understanding innovation systems. The OECD’s ‘Frascati Manual ’ for 

analysing R&D note d that innovation activities can only really be measured indirectly, using input and output 

indicators  (OECD, 1994 ) . The Frascati manual listed  the following six activities  for innovative activities  (OECD, 

1994, p. 20) .  

 

�x Tooling -up and industrial engineering  

�x Manufacturing start- up and pre -production development  

�x Marketing for new products  

�x Acquisition of disembodied technology  

�x Acquisition of embodied technology  

�x Design . 

 

These can be understood as important build -up activities in the perspective of an individual company, but they 

are also not sufficient for understanding innovation systems. 

 

Since the beginning of the 1990s the Oslo Manual has been developed further. In 2005, with the third edition 

the innovation measurement framework was expanded in three ways: (1) the role of linkages between firms 

and institutions was emphasised; (2) innovation in less R&D intensive industries was more recognised; and (3) 

in the definition of innovation was included also organisational innovation and market innovatio n (OECD, 2005, 

p. 6f.) . These changes have contributed to a shift from a R& D dominated view on innovation. Organisational 

innovation is important for understanding learning capabilities in firms and marketing innovations are important 

to understand interaction with customers and demand -driven innovation processes.  

 

The analysis of linkages  is necessary to capture the diffusion of knowledge in technological innovation systems. 

For analysing linkages the Oslo Manual (2005) proposes following types of linkages: (1) open information 

sources which do not require the purchase of IPR, s uch as R&D journals, patents, standards, professional 

conferences, public regulations etc., (2) acquisition of knowledge and technology  either embodied in capital 

goods (machinery, equipment or software) or acquisition of external knowledge (licenses, desi gns, trademarks 

etc.) or services provided by commercial or public sources including designing activities, testing and 

engineering services, (3) innovation cooperation with other firms or public research organisations.  

 

The following figure lays out the s chematic dimensions of a generic innovation process in the context of a set of 

external factors that will affect innovative activities ( IEA, 2008) . These external or structural elements include 

policy factors as well as underlying conditions such as access to a skilled labour force.  It can be used for 

distinguishing between different types of support measures, the importance of the policy environment and 

other framework conditions and feedback loops from demand back to the supply side.  
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Figure 2: Innova tion system  and generic model of innovation processes in the context of external factors,  
appli ed to the energy field.  

 
 

 

We distinguish between input, output and throughput indicators f ollowing Grupp and Schwitalla’s taxonomy 

(Grupp and Schwitalla, 1989 ). Input indicators  or resource indicators  include a diverse set of measures for the 

allocation of human and other resources to the innovation process. Common input measures include R&D 

outlays and R&D personnel. They are among the most standardised  and used  measures of innovative activity. 

These measures however generally do not pick up input to other innovation activities that are not directly 

associated to R&D. Moreover, collaborative R&D efforts or R&D activities of international industry players across 

national borders are difficult to capture  by national data.  

 

Output indicators  according to Grupp and Schwitalla attempt to capture the economic effects of the innovative 

activity in question. However, m easuring output is more challenging. One challenge is that economic effects are 

not the only interesting products of innovation processes . There are others such as a learning effect which will 

only indirectly contribute to the economic bottom - line ; or changes in energy systems and in the opportunities 

for energy production or energy consumption that can  imply changes also concerning climate impacts . A second  

challenge  is that it is not always easy to distinguish the economic effects of the innovative activity from that of 

other activities taking place in parallel. Changes at the energy system level , such as the energy mix of a 

country, the access to renewable energy resources or the declining access to fossil energy sources, can have a 

considerable impact on the future possibilities and direction of the development of the innovation system. 
 
In addition to the standard measures  of input and output indicators , a third class of measure is so -called by -put 

or throughput indicators (Grupp and Schwitalla, 1989 ) . Throughput indicators are measures that attempt to 

capture the intermediate products of the innovation process, e.g. those often emanating from formal R&D 

processes, but also many other processes which are not related to R&D can be measured as throughput 

indicators . Throughput indicators are  for example  patents, bibliometric, and citation statistics. Table 2 provides 

a presentation of these categories of measurement in terms of their f unction during the innovation process.  
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Table 2: Functions of technological innovation systems and possible linkages to input, throughput and output 
indicators  

Functions  Input indicators  Throughput indicators  Output indicators  

Entrepreneurial 

activities and 

experimentation  

   Experimental application 

projects  

 New product introductions  

 New businesses  

Knowledge 

development 

(learning) 

 R&D funding and projects  

  

 Scientific publications  

 Patents  

 Citations  

 User -driven innovation 

processes  

 Demonstration and trial 

projects  

 Technology application 

(learning -by -using) 

  

Knowledge 

exchange in 

networks  

 R&D networks   Demonstration projects  

 Collaboration patterns  

 Cluster  participation  

 Interest organisations  

 Conferences  

  

Market formation   Public market support  

  

 Standards and 

certifications  

 Market application  

 Market shares  

 Trade and e xports  

 Environmental impacts  

Mobilization of 

resources  

 Public R&D funding  

 Business R&D 

Investments  

 R&D p ersonnel  

 R&D programmes  

   Employment 

  

Guidance of the 

search – shared 

visions  

 Policy action plans  

 Shared strategies and 

roadmaps  

 Debate -  meetings /media  

 Strategy networks  

 Scenarios and foresight 

projects  

 Industrial strategies  

Legitimacy   Regulatory acceptance 

and integration  

 Public opinions on energy 

technologies and systems  

  

 

 

2.2 Low carbon technologies  

The nature of low carbon energy technologies pose a number of particular measurement challenges in addition 

to the general issues mentioned above. 1 One challenge is how to measure emerging technologies ( IEA, 2006) . 

A number of low carbon energy technologies which are still not fully mature are interesting to track. An 

additional challenge is that the set of technologies in question vary not only in their technical maturity but also 

in the maturity of their intermediate and end markets , the industrial networks, etc . This raises the question of 

how to account for the differences between and within the different types of renewable energy technologies.  
 
This has clear implications for the degree to which input, through- put and output measures are applicable for 

the individual technologies. We can distinguish between thr ee groups  of technologies , but there are overlaps 

and competition between these groups of technologies ( IEA, 20 06 ) :  

 

1 See Smith (2008) for a discussion.  

 13 

                                                 



(i)  technologies which have already reached  a considerable degree of  maturity, such as hydropower, 

biomass combustion, onshore wind and geothermal energy;  

(ii)  technologies which are undergoing rapid development such as solar energy, offshore wind power and 

modern forms of bio -energy;  

(iii)  technologies which are presently in developmental stages such as ocean energy, concentrating solar 

power , improved geothermal, CO 2 capture , storage , and integrated bio -energy systems.  

 

A further set of challenges is associated with the scale of the technologies. A major aspect here is that the 

technological innovation systems for ”low carbon” technologies can involve the deployment of large -scale 

experimental sites to demonstrate and tes t different modes of the technology (e.g. carbon capture and storage 

or offshore wind). These deployment/demonstration sites can require large allocations of public and private 

resources without providing immediately profitable output. Standardised statistics need to be  developed to 

capture this peculiarity. Another aspect to consider is associated with scale  and the involvement of the public 

sector . Energy systems tend to be partly or fully public owne d, at least in Northern Europe. 

 

The technologies are not necessarily stand -alone technologies but may involve significant changes in different 

parts of existing value chains. For example biofuels require change or complementary developments in engine 

manufacturing as well as fuel distribution. A first implica tion that is caused by the systemic of the technologies 

is that cooperation is likely to be important during the development and deployment of the technologies. Public -

private cooperation is one way to overcome resistance and path dependency in the energy sector. Strategic 

oriented energy companies are often  inves ting in R&D and in many cases do  so in close collaboration with 

research organisations . Measures of cooperation are therefore important, but difficult to get. The 

innovativeness of the public secto r and public procurement of new energy technologies can facilitate the 

successful development of low -carbon energy technological innovation systems and they should be measured to 

improve our understanding.  

 

A second implication is that the deployment of the technologies may face different degrees of resistance from 

established and competing systems based on other (e.g. carbon- based) energy sources. A degree of  

coordination and guidance of the search is necessary in order to overcome such resistance. This implies 

coordination- costs to facilitate deployment of the emerging technological systems. Figure 3 from Grubb ( 2004)  

illustrates that these technologies face a fundamental challenge in competition with the established and 

pervasive fossil fuel paradigm. It suggests first that an overall measure for the dissemination of renewable 

technologies will ultimately be their ability to compete with the costs of energy generation based on fo ssil fuels. 

Switching costs are very high and build barriers for further development and deployment of emerging low 

carbon energy technologies.  

 

Figure 3: Main stages of technology development.  

 
Source: Grubb (2004) 
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Another feature is that technologies related to fossil fuels do not stand still. Innovation also continues to 

improve the efficiency of fossil fuels. Following Grubb, this suggests the use of data on R&D budget for fossil 

fuels as a measure of carbon - lock - in, i.e. comparison of expenditures on the different groups of technologies in 

IEA’s RD&D budget indicator – energy efficiency, fossil fuels, renewables and nuclear technologies, hydrogen 

and fuel cells, other power and storage technologies, total other te chnologies or research (Grubb, 2004 ) . See 

also Kaloudis & Pedersen (Kaloudis and Pedersen, 2008 ) on the use of R&D for a composi te of all energy 

production technologies. In this context it is useful to appreciate that different low -carbon  energy technologies 

may represent incremental, disruptive, or radical modes  of innovation (Smith, 2008 ) . Different technologies 

have different development rates, which in turn implies different degrees of public funding to overcome 

coordination costs, technological and market uncertainty, and rigidities in existing structures.  
 

2.3 Between energy syst ems and innovation –  existing statistics  

In the pursuit of a useful set of indicators of energy innovation systems, two existing fields of statistics 

constitute main pillars of references where much can be drawn from: 1) Energy statistics; and 2) I ndustry and 

innovation statistics. Energy statistics is well -established in many countries. It monitors the energy systems 

and their development over the years. Apart from general figures on energy consumption and energy 

production, the national energy statistics in some countries  also include data on amongst other things energy 

sources, climate emissions, and energy production by different energy technologies; renewables as well as 

others. On international level, the nationa l statistics are gathered by among others  Eurostat and the 

International Energy Agency (IEA). Well -established R&D statistics are als o available  for  Denmark as well as 

internationally where the International Energy Agency collects data from a large number of countries on public 

R&D support within different areas of energy technology.  
 

Figure 4: Energy statistics and innovation and industry statistics as important sources and reference points for  
establishment of a set of energy innovation system indicators.  

 

 

I ndustrial i nnovation statistics  have  been  developed in the  latest decade both on national , international  and  

European level. Though the schemes of innovation statistics have become more well -established, they  still tend 

to  change in contents from one time they are run to another . A degree of harmonized approach among the 

European countries is obtained, enabling comparison between countries and common publishing  in the 

Communities Innovation Surveys  (Eurostat) and the European Innov ation Scoreboards and , in the most recent 

years , the Innovation Union Scoreboards (EC DG Enterprise and Industry). The innovation statistics can provide 

information on e.g. enterprises’ R&D investments, frequencies of new product introductions, etc. 

Indicators of energy 
innovation systems 

Innovation and 
industry 
statistics 

Energy 
statistics 
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In the background behind  the innovation statistics are the long well -established statistics fields of trade and 

industry statistics. Through the trade and industry statistics, the domestic and international trade of products 

can be illuminated. 

 

What limits the  use of the statistics on innovation, trade and industry for our purpose is that they usually do not 

address the energy sector specifically and that they only to a limited extent cover energy technology products 

as individual product categories. For exampl e, many renewable energy technologies do not have their own 

product categories  in these statistics . Moreover, t he indicators included in the schemes of industry and 

innovation statistics are seldom about innovation systems as such, but primarily about inno vation in the sense 

of product introductions and business development. The data is gathered on the level of individual companies, 

i.e. the innovation statistics do usually not provide insight in innovation considered on a system level or on 

societal level. 

 

Some of the other major gaps in the existing statistics and indicator schemes are amongst other things a lack 

of indicators of other types of knowledge production than formalised, scientific knowledge (e.g. industrial 

competence build -up and know -how, learning -by -doing and learning in interaction between  other types of 

actors than research institutions). Concerning application- based learning (learning -by -using), though, there is 

one important indicator established, namely the indicators of application o f different energy production 

technologies  in the domestic energy systems . The more detailed characteristics of user -  and demand -driven 

innovation are however  less well reflected in the existing  statistics. Another major gap in the existing statistics 

is developments in actor landscapes, including industrial supply chains, broader innovation networks and actor 

alliances in different areas of  energy technology .  
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3 Indicators and methodological considerations  

3.1 Input measures  

 

3.1.1 Public RD&D investments  

 

The report will feature a set of technology specific input measures are: expenditure on research, development 

and demonstration activities (RD&D expenditure) decomposed to identify the demonstration dimension.  
 
The IEA RD&D statistics are used as input me asures. The IEA energy R&D statistics are collected from 

government R&D funders and use a scientific/technical nomenclature and are publicly accessible. The budgets 

are reported on a level of detail that makes it possible to distinguish between the energy technologies used in 

this report. The IEA database also covers 20  EU Member States. All Nordic countries, with the exception of 

Iceland are included in the database. The database allows for an analysis of public energy RD&D investments 

over a long time per iod. In this report values from mid -1970 to the latest available data, 20 13 has been 

covered. The tables give data for every second year.  

 

On top of research and development budgets the IEA database covers demonstration budgets . Demonstration 

projects are large “test” projects which are not yet operating on a commercial scale. Demonstration budgets are 

however scarcely reported in the database. As has been explained elsewhere most IEA member countries do 

not provide data on funds towards demonstration, or do not report them separately ( Wiesenthal et al., 2009 ) . 

Demonstration budgets are typically available since 2004 and for the Nordic countries some data is available, 

but the systematic reporting and colle cting of demonstration budgets need to be improved further.  
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Figure 5: Public energy RD&D budgets as percentage share of estimated total IEA budget in 2013 . Source: IEA  

 
Note: Seven  IEA member countries  have not reported: Greece, Hungary, Ireland, Italy, Korea , Luxembourg, 
and Turkey.  
 
An indicator for the need of international RD& D energy cooperation has been constructed by calculating the 

countries’ share of public energy RD&D budgets of the overall IEA spending. The Nordic countries budgets for 

energy RD&D combined constitute about 7.0 % of the total IEA budget in 201 3, while Japa n and USA give 

combined about 54% of the total IEA funding (see Figure 5). A conclusion from this is that international 

research cooperation is essential, especially for small countries in order to increase their access to a larger pool 

of resources and strategic knowledge, generate synergies and avoid duplication.  
 
In the next figures the trends in RD&D budget distribution over the main groups are illustrated, as classified by 

the IEA: 

 

Table 3:  Classification of main energy RD&D groups in IEA RD&D statistics. 

I.  Energy Efficiency  

II.  Fossil fuels  

III.  Renewable energy sources  

IV.  Nuclear fission and fusion  

V. Hydrogen and fuel cells  

VI.  Other power and storage technologies  

VII.  Other cross -cutting technologies or research  

 

For Denmark , Figure 6 shows dominant position of public funding of RD&D on renewable energy sources, 

hydrogen and fuel cells and other cross -cutting technologies, while funding of RD& D on fossil fuels and nuclear 

fission and fusion is marginal. For Norway , the picture is different (see  

Figure 7). Here has dominated RD&D on fossil f uels and to a lesser extent renewable energy. For Sweden and 

Finland , the focus was on energy efficiency and renewable energy sources (Figure 8 and Figure 9).  
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Figure 6: Denmark, Mill. €. RD&D budgets for main groups, 1975 -201 4. Source: IEA  

 
Note: For 1988 are no values available. 

 

Figure 7: Norway, Mill. €. RD&D budgets for main groups, 1975 -20 14. Source: IEA  
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Figure 8: Sweden, Mill. €. RD&D budgets for main groups, 1975 -20 14. Source: IEA  

 
 
 

Figure 9: Finland, Mill. €. RD&D budgets for main groups, 1990 -20 13. Source: IEA  

 
Note: Values for 1975 to 1989 are not available.  
 

The advantage of the IEA database is that it provides public RD&D budgets by energy technologies over a 

relatively long time period. This means that it is possible to compare trends in budget distributions by 

renewable energy sources, energy efficiency areas, power and storage technologies  and carbon capture and 

storage . The figures presented below illustrate budget developments, where some of the data is available since 

mid 1970’s, where avail able upto 20 10  for the energy technologies relevant for this project. The technologies 

are classified by the IEA in the following way :  
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Table 4: Classification of (selected) energy relevant sectors in IEA RD&D statistics. 

I.1 Energy efficiency - Industry 
I.2 Energy efficiency: Residential & commercial buildings, appliances and equipment 
I.3 Transport 
I.4 Other energy efficiency 
II.3 CO2 Capture and Storage 
III.1 Solar Energy 
III.2 Wind Energy 
III.3 Ocean Energy 
III.4 Biofuels (incl. liquids, solids and biogases) 
III.5 Geothermal Energy 

V.1 Hydrogen 

V.2 Fuel cells 

VI.1 Electric power conversion 

VI.2 Electricity transmission and distribution 

VI.3 Energy storage 

 

 

For Denmark , the focus over the years was on wind energy and biofuels, while over the last years also fuel cell 

technology has gained substantial attention in public RD& D budgets. Energy efficiency  in buildings and in 

transport has been addressed increasingly  over the last years.  

 

Figure 10: Denmark, Distribution of low carbon energy RD&D budgets, Mill €. 1975 -20 14, Source: IEA  
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Figure 11: Finland, Distribution of low carbon energy RD&D budgets, Mill €, 1975 -20 13. Source: IEA  

 
 
 

The public RD& D budgets of Finland have a focus on energy efficiency, as well as in industry, in residential and 

commercial buildings, appliances and equipment, and in transport. However, over the last years this has been 

diminished somehow. In the field of renewable energy sources stand biofuel highest on the agenda. In 2013, 

solar energy came higher on the priority list. 
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Figure 12: Norway, Distribution of low carbon energy RD&D budgets, Mill €, 1975 -20 14. Source: IEA  

 
 
 
For Norway can be found long traditions for funding of energy efficiency in industry, but this field received much 

less attention from the midle of the 1990s  until 2008 . In 2014, this field received most of the funding, also 

much more than c arbon capture and storage (CCS). CCS received very much funding since 2004 , but this has 

been reduced over the last years. In the field of renewable energy solar energy , wind energy and biofuels are 

prioritised. RD&D on Electricity transmission and distribution, and hydrogen ha ve been prioritised as well . 

 

Swedish public funding of RD&D has prioritised energy efficiency as well as in industry, in residential and 

commercial buildings, appliances and equipment, and especially in transport. In the field of renewable energy 

biofuels  were pr ioritised . 
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