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Abstract 

New renewable energy technologies allow to tap additional potentials such as 
offshore wind, and to reduce energy generation costs. The present study 
assesses the ripeness of new renewable technologies and their deployment 
potentials, which surpass total EU electricity consumption. Markets and industry 
structures as well as barriers are analysed. The policy assessment and 
recommendations focus on the coherence, effectiveness and efficiency of the 
current European financing frameworks and the energy regulatory policy. The 
SET-Plan’s strengths and weaknesses are examined. 

A workshop was held on 12 April 2010 in the European Parliament aiming at 
presenting the state of play of the study, gather further expert's contributions 
as well as exchanging views with MEPs. Two 2 briefing notes were written by 
experts after their participation to the workshop. Their contribution cover the 
experience of the research community so far with EU's research and innovation 
policy in the field of renewable technologies as well as the regional perspective 
in the deployement of emerging RES. 
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EXECUTIVE SUMMARY 

Background 

Concerns about energy security and the lack of sustainability of the current energy system 
with respect to climate change, environmental degradation, human health and the 
exploitation of finite fossil and nuclear energy resources are growing. The development and 
deployment of innovative, low-cost, low-carbon energy technologies, energy efficiency and 
renewable energies are sought to reduce greenhouse gas and pollutant emissions, and to 
help create new markets for European industry. In this context, the European Union has 
committed to achieve a 20% share of renewable energies in energy consumption by 2020 
and has adopted a directive providing the framework for the achievement of this target1. 

To meet this goal, but also to further develop and deploy the potential of renewable energy 
in the EU, existing and emerging technologies are needed. 

In November 2007 the European Commission proposed a European Strategic Energy 
Technology Plan (SET-Plan)2 in order to strengthen the overall effort in Europe to accelerate 
innovation in low carbon technologies. In July 2008 the European Parliament welcomed the 
SET-plan3 and stated that a European energy technology policy with adequate financial 
support is fundamental to achieving the EU energy and climate change objectives.  

In order to advance the implementation of the SET-Plan, the Commission put forward a 
Communication on "Investing in the development of Low Carbon Technologies"4 in October 
2009. The Council of the European Union welcomed this communication in early 2010, and 
the European Parliament adopted a resolution recognising the need to increase 
substantially public and private investment in the development of sustainable low carbon 
energy technologies. 

Aim 

The European Parliament Committee on Industry, Research and Energy (ITRE) has 
requested the present study with the aim to provide background information and advice for 
the Members of the ITRE Committee on priority measures and actions to be undertaken in 
the field of new renewable technologies. This includes an outlook on emerging technologies 
and the policy and regulatory steps needed in the field of innovation policy in order to bring 
those emerging technologies forward. Energy efficiency and a number of renewable heating 
technologies can also make important contributions to the political goals, but have not been 
requested to be addressed in the present study. 

The policy assessment and recommendations focus on the coherence, effectiveness and 
efficiency of the current financing frameworks (FP7, CIP, EIF, EIB, fiscal and economic 
policies) in particular in view of the mid-term review of the current EU budgetary 
framework and of the CIP and FP7 as well as the proposals under the recent 
Communication on "Investing in the development of Low Carbon Technologies". 

The following new renewable energy technologies are addressed: 

• Offshore wind energy: 7.5 to 10 MW turbines and floating foundations; 

• New photovoltaic technologies: silicon, thin film, concentrating, dye ink, organic; 

• Concentrating solar power: parabolic trough, linear fresnel, solar tower; 
                                          
1 Directive 2009/28/EC and repealing Directives 2001/77/EC and 2003/30/EC. 
2 COM(2007)723 final, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2007:0723:FIN:EN:PDF. 
3 EP resolution of 9 July 2008 on the European Strategic Energy Technology Plan (2008/2005(INI)). 
4 COM 2009(519) final of 7.10.2009. 
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• Bio-energy: biogas upgrading, biomass-to-liquids (BTL), biomass-based integrated 
gasification combines cycle (IGCC), lignocellulosic ethanol; 

• Ocean energy: current, wave, tidal; 

• Geothermal energy: Hot Dry Rock (HDR), organic rankine cycle (ORC), Kalina Cycle. 

State of the art and further potential for emerging technologies 

Offshore wind, ocean power and geothermal energy will allow tapping additional potentials 
for which existing commercial technologies are not suitable. Advanced photovoltaics, 
concentrating solar power and new bioenergy technologies on the other hand have 
technical advantages over available technologies, e.g. they are more efficient, and/ or they 
promise to allow for lower energy costs. 

Wind energy 
Offshore wind power is in the early commercialization stage. First offshore wind parks have 
been installed, serving to make early commercial experiences. These are not yet based on 
dedicated offshore technology. 

The specific investment for offshore wind power is expected to be higher than for onshore, 
with electricity yield also generally higher. At present cost estimates, this will result in 
higher electricity generation costs for a first commercialization phase. In the mid-term 
perspective, offshore costs are expected to go down to or below costs of onshore wind 
power. 

Major research areas include integration into the European electricity grid, technologies for 
the installation of offshore wind turbines (e.g. dedicated ships for the construction of 
offshore installations), material issues (corrosion resistant coating, corrosion resistant 
design to protect electronics inside the turbines, etc.), foundations, etc. Another research 
issue is the development of floating structures as foundations for offshore wind turbines. 
Floating structures are required for wind farms at water depths of 60 m and more. 
Connecting and disconnecting HVDC lines via a DC switch is still an open issue. Today, 
HVDC connection/ disconnection is accomplished using DC/AC/DC converters. 

Research issues concerning environmental impacts include noise reduction during 
construction in order to avoid detrimental impacts on marine life.  

Offshore wind power in the EU could meet more than 85% of today’s electricity demand of 
~3,300 TWh. The SET-Plan projects up to 20% of electricity in the EU to be produced by 
wind energy technologies (onshore and offshore) by 2020. The electricity grid in Europe will 
be able to integrate up to 35% renewable electricity in a seamless way, effectively 
matching supply and demand. 

Photovoltaics 
Photovoltaic (PV) panels based on crystalline photovoltaic cells are a mature technology. 
The major research and development area is cost reduction, notably through optimized 
production equipment. 

Photovoltaic panels based on thin-film photovoltaic are partly mature technologies, e.g. 
CdTe cells, and partly in the early stage of market introduction such as CIS, CIGS and 
micro-crystalline photovoltaic cells. Foreseen developments and research areas notably 
include the improvement of manufacturing technologies, the reduction of manufacturing 
costs and increased module efficiencies. 

One issue in the production of photovoltaic panels is to avoid the release of toxic and 
harmful substances into air and water by adequate abatement technologies, and to avoid 
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the use of such substances entirely. A lifetime of 25 years and above are guaranteed by 
most of the manufactures for photovoltaic panels based on mono- and polycrystalline, 
amorphous and micro-crystalline silicon photovoltaic cells as well as for CdTe photovoltaic 
cells. Some thin-film technologies face resource restrictions (e.g. tellurium in case of 
CdTe). 

Dye-ink and organic photovoltaic cells are in the stage of research and development. So 
far, the lifetime of dye-ink and organic photovoltaic is too short for the use in photovoltaic 
power stations. 

Electricity generation costs of photovoltaics are steadily decreasing through increased 
manufacturing capacities and technological improvements. Thin film technologies are 
pursued for their further cost reduction potential. Photovoltaics is expected to achieve grid 
parity, i.e. generation costs equal to private consumer purchase prices, in the mid-term 
future. 

The implementation potential of photovoltaics in the EU by far exceeds total current 
electricity consumption. 

Concentrating solar power 
Concentrating solar power (CSP) is adequate for regions with high direct solar irradiation 
such as southern Europe or Northern Africa. The advantage of CSP is that a thermal 
storage can be used to increase the equivalent full load electricity generation period to 
3,500-4,000 h per year. This also allows generating electricity at night. 

An important environmental issue is the introduction of dry cooling towers for the 
installation of CSP in areas where water is scarce.  

Parabolic trough based CSP has reached a high maturity with first commercial systems 
recently installed in southern Spain (9 plants have been operational in California since the 
1980ies), whereas CSP based on solar tower technology is in the state of research and 
development. Linear fresnel collectors have reached early commercial maturity. 

An important area of research is the replacement of the oil based heat transfer fluid by e.g. 
direct steam generation for CSP in parabolic trough plants.  

The electricity generation potential of CSP within the EU is between 50% and 67% of 
today’s electricity consumption. Including the potential in Northern Africa, current 
consumption in Europe and Northern Africa could be satisfied many times over. 

According to the SET-Plan projections, up to 3% of EU electricity consumption will be 
produced by CSP by 2020. 

Bioenergy 
Upgrading of biogas offers the advantage to use the natural gas grid to transport biogas to 
the consumer and to use methane from biogas as transportation fuel. Meanwhile mature 
technologies for biogas upgrading have been developed.  

Synthetic gasoline and diesel (“biomass-to-liquid” (BTL)) can be produced via gasification 
of lignocellulosic biomass such as wood and straw with downstream synthesis and 
upgrading. The technology is under development since several years. BTL plants are still an 
issue of research and development. Alternatively lignocellulosic biomass can be converted 
to ethanol via hydrolysis and fermentation. The lignocellulosic ethanol process is also in the 
state of research and development. The use of lignocellulosic biomass for the production of 
transportation fuels competes with the use of lignocellulosic biomass for electricity and heat 
generation.  
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Lignocellulosic biomass can be used for the generation of electricity via an integrated 
gasification combined cycle (IGCC) process which offer a higher electrical efficiency than 
conventional steam turbine only based processes. Solid biomass fuelled IGCC are still an 
issue of research and development.  

Environmental issues are mainly the cultivation of energy crops e.g. the emissions of 
greenhouse gases from fertiliser use and the pollution of water and soil from the application 
of agrochemicals. Adequate crop rotation systems lower the environmental impacts. The 
potential of bioenergy is more limited than the potential for wind and solar energy.  

Ocean current, wave and tidal 
Ocean energy includes a number of different technologies such as Oscillating Water Column 
(OWC), Seawave Slot-Cone converter (SSG), horizontal and vertical ocean current turbines, 
Pelamis Wave Energy Converter, Wave dragon, osmotic power (salinity gradient power). 

Ocean power is mostly in the research stage, but some technologies have the potential to 
become mainstream energy sources and are now in the demonstration phase. In addition 
to the utilization of ocean currents, tidal power or waves; temperature and salinity 
differences can also be used for electricity generation.  

The theoretical global wave power potential has been estimated to be in the same order of 
magnitude as world electrical energy consumption. The best conditions for wave power 
can be found in the temperate zones (30° to 60° latitude) where strong storms occur. 

While the tidal energy potential in principle is high, only a small portion is located in areas 
suitable for power generation. Tidal energy is therefore very site specific, amplified by 
factors such as shelving of the sea bottom, funnelling in estuaries and reflections by large 
peninsulas. However, tidal power has the distinct advantage of being highly predictable. 

Ocean current energy includes tidal and stream currents. 

Environmental issues raised by ocean power applications include alterations of currents and 
waves as well as alteration of substrates and sediments, alteration of habitats for benthic 
organisms, noise during construction and operation, toxicity of paints, lubricants, and 
antifouling coatings, interference with animal movements and migrations, including 
entanglement, and strike by rotor blades or other moving parts. The magnitude of the 
environmental impacts can vary from individual injuries to ecosystem level effects. 

Geothermal 
Geothermal power is independent from solar radiation or fossil fuels and can supply heat 
and electricity around-the-clock. While hydrothermal geothermal plants can be built only in 
a few locations, Hot Dry Rock (HDR) is in all European countries technically feasible, but 
not everywhere economical due to too high drilling costs. However, steam turbines can be 
operated only on high temperatures. But the heat supplied by the majority of the 
geothermal resources in the EU such as aquifers and fault lines, and geothermal resources 
produced via HDR is usually below 220°C. These lower temperatures can be utilised for 
electricity production by Organic Rankine Cycle or Kalina Cycle technologies. However the 
typical electricity conversion efficiencies are between 7 to 12% (depending on water 
temperature). Until now only a few low-temperature pilot plats have been realised. To 
move geothermal power generation to commercialisation a significant cost reduction of all 
technologies is necessary. Furthermore a development of applied simulations methods, 
low-temperature cycles and improved total system integration is necessary. 
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Electricity generation costs 
Electricity generation costs today and in the 2020 to 2030 perspective of the new 
renewable energy technologies are displayed in the graphic below. 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00
W

in
d 

(o
ffs

ho
re

)

PV

C
SP

B
io

m
as

s 
IG

C
C

@
 8

0 
€/

t

G
eo

th
er

m
al

/H
D

R
S

ou
ltz

-s
ou

s-
Fo

re
ts

W
in

d 
(o

ffs
ho

re
)

PV

C
SP

B
io

m
as

s 
IG

C
C

@
 8

0 
€/

t

G
eo

th
er

m
al

/H
D

R
w

/o
 s

tim
ul

at
io

n

Today Expected for 2020-2030

El
ec

tr
ic

ity
 c

os
ts

 [€
/k

W
h]

 

Technology ripeness 
The overall technology ripeness of the new renewable energy technologies addressed here 
is summarised in the table below. 

 Research Develop-
ment 

Pilot Demo / 
Pre-

commercial 

Commercial 

      
Offshore wind   foundations turbines  

      
PV/Silicon    μSi aSi, multi-Si 

PV/Thinfilm     CdTe 

PV/Thin (3G) dye ink organic    

      
CSP  tower  fresnel trough 

      
Ocean power      

      
Biogas upgr.      

Bio/BtL      

Bio/Lign.EtOH      

      
Geo/Power      

Geo/Heat      
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Commercial technologies readily available from technology suppliers’ order books are 
silicon-based and CdTe thin film photovoltaics, parabolic trough concentrating solar power 
plants, biogas upgrading to natural gas quality, certain geothermal power as well as 
geothermal heat technologies. Further research and development is needed here in order to 
enhance economic competitiveness with other energy technologies. 

Offshore wind, several thin film photovoltaics technologies, linear fresnel concentrating 
solar power and certain geothermal power technologies are in the demonstration or pre-
commercial phase. This implies the technological readiness, but lack of certain commercial 
attributes in the market.  

The other technologies addressed here are in earlier stages of innovation. All technologies 
not yet commercially available need further research and development as well as market 
introduction and deployment support in order to ensure commercialisation. 

Technical deployment potential 
The technical deployment potentials of solar, wind, biomass and geothermal energies are 
differing widely between member states and regions. Offshore wind potentials are located 
essentially in the North Sea and the Mediterranean, concentrating solar power potentials in 
Southern Europe, and ocean energy along the Atlantic and North Sea coastlines. 
Geothermal and biomass potentials are spread over all EU member states. 

Biomass potentials are more limited than solar and wind potentials, the latter combined 
being large enough to supply the electricity consumption to 100%. Biomass potentials are 
higher for combined heat and power supply than for dedicated electricity production or for 
liquid biofuels including second generation biofuels such as BTL or lignocellulosic ethanol. 
Achieving the 10% biofuels goal for 2020 of the EU requires either importing 
biofuels or going significantly beyond 10% of the arable land in EU 27 for energy 
crops, which has been assumed here as a limit. For imported biofuels, notably palm oil, 
sustainability is strongly debated. 

Energy industry, markets and barriers 

Market deployment 
The following figure gives an overview over the overall (technical) market potential vis-à-

vis the current market penetration in Europe. 

Photovoltaics (PV), offshore wind, and 
concentrating solar power (CSP) provide the 
highest market potential (sorted by decreasing 
potential). At the same time, these energy 
technologies are yet exploited to less than 1% of 
their market potential only. Large-scale 
deployment in Europe is still to come for them. 
Market deployment is already at 40-75% for 
bioenergy. 

Markets and Industry Structures 
In Europe, renewable energy technology 
developments have mainly been initiated by 
small or start-up companies, which have grown 
rapidly and/ or have merged. Large corporations 
have entered by acquiring some of the young, 
established players. 

HIGH

LOW
HIGHLOW

EARLY MARKET NICHE MARKET

BOOM MARKET MASS MARKET

Offshore wind

Concentrating
solar power

Ocean power

Geothermal power

Market
Potential
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Deployment
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S
T 
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Bioenergy (2)

Photovoltaics (1)

(1) Roofs plus 0.1% of the total land area in EU 27 
(2) Residues plus 10% of the arable land in EU 27

Heat &
Power

Transport Fuel
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Offshore wind farms have investment volumes beyond the capabilities of SMEs; all other 
(new) renewables can be deployed by SMEs and large corporations alike. 

Supporting innovation of renewable energies should address especially those energy 
technologies and associated infrastructures that are most promising in the long-term. 
Where lead-times are long and engagement is risky, commercial interests are typically 
lowest. The changes required by limited resource availabilities and increasing 
environmental burdens in the energy landscape in the course of the next 10+ years will be 
great. Price signals will not fully anticipate these changes early enough to allow for a 
smooth transition as the comparison of the history of oil prices versus mid- to long-term 
price projections shows. To compensate for this market failure is the very role for politics to 
play. 

R&D financing and investment needs 
Data on public R&D budgets are very difficult to find. There is a lack of information 
reporting and coordination between Member States. 

Low R&D investment in Europe is structural and not specific to the energy sector.  

Public and private R&D investment in renewables are almost exclusively concentrated on a 
very limited number of Member States, mainly Germany, France, Italy, UK, Denmark, 
Spain, the Netherlands, Belgium, Sweden, Finland and Austria.  

In Europe, public and private R&D spending is largely insufficient. 

R&D budget should be increased in line with the respective Strategic Research Agenda 
(SRA) of each technological segment (when available). 

The role of public money should be to support mid-to long-term research projects that are 
not going to be immediately exploitable by the private sector in terms of commercialization. 

Barriers 
There are technology-specific barriers and cross-cutting barriers applying to one or more 
renewable energy technologies. 

Cross-cutting barriers include: R&D and project financing issues such as insufficient start-
up and early-stage financing, acceptance and approval, a diversity of support instruments 
with varying effectiveness and general mind set issues such as an overestimation of 
bioenergies and underestimation of electricity-based renewables. Infrastructure and 
planning are another major area of barriers. 

A major barrier notably to the large-scale development of offshore wind and concentrating 
solar power are capacity limitations of the electricity grid. A European approach to such 
large-scale renewable energy sources requires a pan-European smart grid (‘super grid’), 
which can bring electricity from renewables to where it is needed over long distances and 
which can balance the natural variability of renewables on a European scale. This needs to 
be a priority for Europe, and the European Economic Recovery Plan shows that EU spending 
on infrastructure projects is possible. Moreover, with increasing shares of renewable 
electricity, grid quality requires longer-term (and thus large-scale) electricity storage. 

EU Policy 

Energy regulatory policy 
The core elements of the energy and climate change package are the revised EU Emissions 
Trading System, in combination with the effort-sharing decision, and the directive for the 
promotion of renewable energy sources. 
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It is sometimes argued that with the EU Emissions Trading System (ETS) in operation, the 
effectiveness of all other policies to reduce CO2 emissions of the participating sectors 
becomes zero. The logic behind this argument is that using the example of the German 
feed-in-tariffs, these lead to a substitution of some fossil based electricity with more 
expensive renewables based electricity, thus reducing the demand of the German power 
sector for CO2 emissions certificates. Under the EU ETS, excess emissions certificates would 
be sold at decreasing prices to other member states, which would increase CO2 emissions 
by the exact same amount by which Germany’s emissions decreased beforehand. 
Renewables support schemes were thus not able to reduce EU-wide CO2 emissions below 
the EU ETS cap, but rather led to a shift of emissions to other EU member states. In fact, 
by reducing the price of the certificates, the feed-in-tariffs actually decreased incentives for 
other EU member states to invest in renewable energy sources. According to this 
argument, carbon benefits thus solely depended on the level of the EU ETS cap and not on 
renewables support measures. Similarly, the global impact of the EU ETS was negligible, 
because it shifted emissions to other parts of the world in the absence of a global emissions 
trading system. 

This line of argument disregards some key systemic characteristics of the EU ETS as well as 
several other key benefits of renewable energy sources that warrant their continued 
support. These benefits include, amongst others, improvements in the security of supply, a 
reduction of the long-term price volatility the EU is subject to as a result of its dependence 
on imported fossil fuels, as well as increases in the competitiveness of EU energy 
technology industry. Similarly, expected effects of national renewables policies should have 
been taken into account by member states when the aggregate EU ETS cap was defined. 
Emissions budgets for Phase III of the EU ETS (starting from 2013) were established 
according to targets and expectations of future emissions. This includes a multitude of 
individual emissions reduction measures – also in sectors not covered by the EU ETS, such 
as agriculture and renewable energy sources. Unintentional effects on the price of EU 
carbon allowances are thus only possible if future renewable electricity production reduces 
GHG emissions by an amount larger than anticipated. On the other hand, a more stringent 
EU ETS after 2013 may facilitate corporate investments into RES, and incentives should be 
created to do so (e.g. using revenues of auctioning). All in all, there is a case for continued 
support to renewables, however, a common European support scheme should be 
considered replacing the different national schemes currently in place.  

The third internal energy market package has been designed to ensure that internal 
electricity and gas markets operate smoothly in the future. This has been done in the belief 
that a well-functioning internal market in electricity should provide producers with the 
appropriate incentives for investing in new power generation, including in electricity from 
renewable energy sources. The internal market package thus aims to reduce barriers for 
renewables and to facilitate access of electricity from renewables to the network.  

Most importantly, there needs to be legal certainty for investments in electricity generation 
from renewable energy sources. This also needs to address regulatory frameworks for 
interconnectors and offshore transmission, which vary greatly from country to country. 
Network codes introduced in the 3rd energy package should improve the situation when 
successfully made binding. However, it should be noted that the comitology procedure 
gives the member states full discretion to influence the contents of the codes and the final 
outcome may thus differ from the common position reached by the regulators and TSOs. 
Putting in place proper incentives for investments in the grid, including in interconnections, 
will also require shortened and streamlined permitting processes. 
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With sufficient interconnections and infrastructure in place, it will be time for EU member 
states to reconsider their national approach to renewables support schemes. Policy 
harmonisation will be beneficial for reasons of productivity, cost effectiveness, cross-border 
externalities or economies of scale. Many aspects will remain the responsibility of the 
member states, such as permitting and more generally the administration. Different 
elements of such a framework can be developed within different timeframes. 

The EU’s SET-Plan, strengths and weaknesses 
The EU with the SET-Plan has set up a new roadmap for technology development in the 
energy sector, which tries to address the following weaknesses of the Framework 
Programmes: 

• Lack of coordination, 

• Lack of participation by the private sector, 

• Lack of follow-up procedures for research undertaken by the Framework 
Programme. 

The SET-Plan requires a generous level of financing estimated by the Commission to be 
around €50 billion over the next 10 years. The sources of this founding still need to be 
decided. 

Nevertheless, the SET-Plan has a number of unresolved issues and inherent weaknesses. 
The first incognito is how the level of financing required will be achieved. The central 
instrument which the EU possesses to finance this endeavour, namely the EU budget, is not 
in a condition to increase such funding. This is due to its inefficiencies, the encroached 
interests of specific groups and the reluctance of member states to allow it to reach the 
ceiling of 1.24% of gross national income. 

The R&D expenditures could be linked to the ETS levy. It fulfils very closely the criteria of 
the EU budget for own resources, but it is still collected and used domestically which is not 
correct from an allocation efficiency point of view, especially if funds are to be used to curb 
emissions or for adaptation. The use of the ETS revenues would require a reform of the 
Own Resources, which would only happen for the next Financial Perspective starting in 
2014, requiring some intermediate solution until then, but an own resource reform is long 
overdue and this could be one of the elements. 

Other weaknesses of the SET-Plan are based on the existing framework programme 
evaluations and the regulations and bureaucratic structures which govern the financial 
mechanisms and the functioning of the European institutions.  

The financial regulations of the EU treat research funding in the same fashion as normal 
procurement policy which is unfit for the risk level required for the research into new 
technologies. There is a need to find new avenues using methods which are from the one 
side much more results driven, but from the other side more flexible, mirroring to a certain 
extent the mechanisms of venture capital systems. 

From the side of industry, one of the major barriers for their participation in projects are 
the rules on patents and licensing. A complaint from the research and the industry side is 
the politisation and bureaucratic interference by the European Commission on the 
objectives and processes of the European Technology Platforms, which may well be 
repeated in the European Industrial Initiatives, public private partnerships involving 
governments, the academic sector and the business sector. 
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From R&D to deployment of new technologies 
The EU budget and the European Investment Bank (EIB) have the potential to assist in the 
deployment of new technologies. In fact, a lot could be gained from a better coordination 
between the numerous initiatives, funds and the R&D efforts under the SET-Plan.  

There is, however, a very strong case to reform considerably the EU budget operations, in 
particular those for the structural funds, which are still not integrating appropriately the 
climate considerations in the programmes, and are not strategically structured. 

It would be very important to incorporate the necessary tools into the European Union 
Cohesion Policy to devise integrated strategies, allowing for example the deployment of 
new technologies at regional level with the structural funds providing assistance for the 
necessary infrastructure. This would allow regions under the EU’s convergence programme 
to develop into low carbon economies and be a showcase for new technologies.  

Another central need is the completion of the single market for energy, i.e. create the 
interconnectivity necessary to ensure that Europe has an integrated grid. As the share of 
renewable energies increases, the only way to manage efficiently the fluctuation in energy 
supply is by having a large grid in Europe. 

In addition to the funding by the EU budget, the EIB has facilities that are being offered to 
deploy renewable energy systems. As a banking institution, it does not fund grants for 
research, but is able to provide loans at competitive interest rates for projects which have a 
considerable risk factor and would not be funded by private financial institutions. These are 
for example the loans or guarantee mechanisms provided through the Risk Sharing 
Financing Facility (RSFF) or the Marguerite fund.  

The EU also lends to SMEs which undertake R&D operations through its European 
Investment Fund (EIF) facility. The EIF supports the EU’s competitiveness and innovation 
programme for investments in technological development, innovation (including eco-
innovation), technology transfer, and the cross border expansion of business activities. It is 
venture capital to promote research and development. The EIF’s financial instruments 
represent nearly one third of the total budget of the Competitiveness and Innovation 
Framework Programme of the European Commission, with a total budget of over € 1.1 
billion for the period 2007-2013. According to the Commission, this should leverage about 
€ 30 billion of new finance for up to 400 000 SMEs in Europe. The EIF can be used to 
incentivise the development and adoption of low carbon technologies. 

There is a need over the next two years, before the next financial perspectives are 
negotiated to develop clear policy lines for EU funding, how to “climate proof” interventions 
so they are in line with EU objectives, and how to ensure that there is a continuous 
feedback between the technological development in the SET-Plan and the deployment 
through the different EU support mechanisms. 
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1. State of the Art and Further Potential for Emerging 
Technologies 

This chapter briefly presents the main features of promising technologies and further 
technological development perspectives in the medium term for the five areas listed below. 

Mature technologies such as onshore wind power, wood pellet fuelled heaters, solar 
collectors etc., which also have a potential for further development, are not considered in 
this study. 

The technical state-of-the-art of the different technologies is described in the text and the 
results are presented in tables. 

This section includes data regarding current and future prospects of: 

• costs and lifespan of the technology; 

• energy efficiency and environmental performance (such as product characteristics, 
resource use and waste management issues); 

• foreseen developments and research areas; and 

• the estimated potential of their EU deployment. 

The work is based on the SET-Plan documents published by the European Commission in 
2007 and 2009 as well as on independent literature including Strategic Research Agenda 
documents by relevant European Technology Platforms. 

1.1. Offshore Wind 
Offshore wind power is in its early commercialization stage. The first offshore wind parks 
have been installed to gain early commercial experiences. Today most of the wind turbines 
used for offshore wind farms do not yet incorporate dedicated offshore technology. 

The evaluation of wind power focuses on offshore wind power. In particular, the following 
issues are addressed: 

• Large wind turbines (>7.5 MW) 

• Floating foundations 

Foreseen developments and research areas: 

• Foundations and turbine erection 

• Condition-monitored operation and maintenance 

• Cluster control to improve grid interconnectivity 

• Electricity transport, e.g. DC switches in mashed HVDC grids 

Until now, most of the offshore wind farms consist of wind turbines with a capacity of 2 to 
3 MW [SRA 2008]. Wind turbines with a capacity of 5 to 6 MW are also available 
meanwhile. Only recently the German wind turbine manufacturer Enercon has introduced a 
version of the E-126 (rotor diameter: 126 m) with a capacity of 7.5 MW for preliminary 
onshore locations with high wind speeds (the version for midland installations for lower 
wind speeds has a capacity of 6 MW). This turbine could also be used for offshore wind 
farms. 8-12 MW wind turbines with a rotor diameter of up to 200 m are under development 
[Wind-Kraft Journal 2009]. 
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Costs and lifespan 

Today, the costs of offshore wind farms strongly depend on their location i.e. the distance 
from the coast and the water depth. The investment for the offshore wind farm “Horns Rev” 
in Denmark which consists of 80 wind turbines with 2 MW per wind turbine amounts to 
about 268 million € (1,675 €/kW). The water depth at “Horns Rev” is about 6.5 to 13.5 m 
and the distance from the coast adds up to 17 km. The investment for the offshore wind 
farm “Alpha Ventus” (5 MW per wind turbine, 12 wind turbines, 45 km distance from the 
coast of the island Borkum in Germany, 30 m water depth) amounted to about 250 million 
€ (~4,200€/kW) [Alpha Ventus 2010].  

Table 1: Technical and economic data of existing offshore wind farms 

 In oper-
ation 

No. of 
turbines 

MW/ 
turbine 

Invest-
ment 

[million€] 

Specific 
invest-
ment 

[€/kW] 

Distance 
from 
coast 
[km] 

Water 
depth 
[m] 

Middlegrunden 
(DK) 

2001 20 2 49.2 1,230 3 5-10 

Horns Rev I 
(DK) 

2002 80 2 268 1,675 14-20 6.6-
13.5 

Sams∅ (DK) 2003 10 2.3 30 1,304 3.5 20 

North Hoyle 
(UK) 

2003 30 2 121 2,017 6 12 

Nysted (DK) 2004 72 2.3 248 1,498 6 5-9.5 

Scroby Sands 
(UK) 

2004 30 2 121 2,017 2.5 4-8 

Kentich Flat 
(UK) 

2005 30 3 159 1,767 8-10 5 

Burbo Bank 
(UK) 

2007 24 3.6 181 2,095 7 2-8 

Lillgrunden (S) 2007 48 2.3 197 1,784 10 4-10 

Robin Rigg 
(UK) 

2009 60 3 492 2,733 9.5 5 

Alpha Ventus 
(D) 

2010 12 5 250 4,200 * 45 30 

* Newly developed (first sale) wind turbines and foundations in deep waters 

According to [SET-PLAN 2009] the investment for offshore wind power climbed from 
2,200 €/kW in 2007 to 2,490 €/kW in 2008 and to 3,560 €/kW in 2009 due to supply-chain 
limitations. Another reason for the increase of specific investment probably is that new 
offshore windfarms are often built in deep water and at long distances from the coast and 
therefore require new technologies. It is expected, however, that the required investment 
will decrease to about 1,200 €/kW in 2030 [EWEA 2008]. According to [SET-Plan 
10/2009] the specific investment of offshore wind farms and the maintenance costs are 
expected to decrease by 20% until 2020.  

Today wind turbines are designed for a lifetime of 20 years. However, the lifetime could be 
longer i.e. 30 years. Offshore wind farms which are designed for a lifetime of at least 25 
years already exist [Neue Energie 2010].  
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Environmental performance 

Both the operation and the construction of offshore wind turbines induce underwater noise. 
While it is not yet clear whether operating noise affects the behaviour of marine animals, 
construction noise is considered as crucial. Common foundation techniques require driving 
steel tubes up to 30 m into the seabed. In general, hydraulic pile hammers are used for 
this purpose. At present several measures are discussed to reduce the underwater noise of 
construction: prolonging the impulse, vibration pile driving, the use of sound barriers based 
on bubble curtain and noise barriers based on sound impedance mismatch between the 
barrier material and water. A very high degree of noise reduction can be achieved by using 
a combination of various measures [Elmer 2007]. 

Foreseen developments and research areas 

The foundation for wind turbines installed offshore is more expensive than that for 
onshore wind power. Offshore wind turbines already in the stage of planning are installed 
at a water depth of up to 60 m [dena 2010]. For deeper waters (>60 m) floating structures 
will be required.  

There exist various concepts for floating structures. One concept proposed by the 
Norwegian companies Statoil (www.statoil.com) and SWAY (http://sway.no), is to install 
the wind turbine on a ballast-stabilised single pile, a so-called spar-buoy. Statoil and 
Siemens installed a wind turbine with a capacity of 2.3 MW on its floating foundation based 
on a spar-buoy. The technology can be used for a water depth of up to 700 m [Lessner 
2010]. Blue H Technologies (www.bluehgroup.com) in the Netherlands and the German 
engineering company Gicon (www.gicon.de) want to install the wind turbine on a so-called 
tension-leg platform (TLP). The platform floats below the surface, and is held rigidly in 
place by chains running to steel or concrete anchors on the seabed. Another concept is the 
buoyancy stabilised platform where the wind turbine is installed on a platform which floats 
on the water surface. For both the TLP and the buoyancy stabilised platform the 
stabilisation is carried out by the chains. As a consequence rupture of the chains would lead 
to tipping of the wind turbine.  

Figure 1: Various concepts for floating structures 
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Source: LBST derived from [NREL 2007] 
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Another concept proposed by the Swedish company Hexicon (www.hexicon.eu) is to install 
the wind turbines on a hexagonal platform, six single wind turbines at the angles and one 
at the centre. The total capacity of the seven wind turbines is indicated with 40 MW, the 
investment with about 100 million € (2,500 €/kW). A problem of Hexicon’s concept might 
be the rather small distances between the wind turbines leading to shading effects of the 
wind turbines. Generally the distance between wind turbines should be about 8 rotor 
diameters in the main wind direction and 4 rotor diameters in the other wind direction.  

Today, most offshore wind turbines are installed at a water depth of up to 20 m [SRA 
2008]. Furthermore the distances for electricity transportation are longer today. Offshore 
wind farms are planned to be installed at locations of up to 200 km away from the coast 
(especially in Germany). The portion of the overall investment costs for the foundations 
and the grid connection of an offshore wind farm is higher than that for onshore wind 
farms. Therefore, larger wind turbines are under development for offshore wind farms.  

As offshore wind farms are partly far away from the coast (> 100 km), high voltage 
direct current (HVDC) transmissions are taken into account as an alternative to 
alternate current (AC) transmission. The advantage of HVDC is the lower electricity loss 
during long distance transport (<4% per 1,000 km). In the North Sea and the Baltic Sea it 
is planned to connect offshore wind power farms with the coast by an offshore electricity 
grid and to connect offshore wind farms with pumped hydro to Northern Europe [EWEC 
2009]. Still an open issue is connecting and disconnecting HVDC lines via DC switch. Until 
now connection/disconnection of HVDC without using a DC/AC and AC/DC converter is not 
possible.  

Research areas are the integration into the European electricity grid, technologies for the 
installation of offshore wind turbines (dedicated ships for the construction of offshore 
installations), material issues (corrosion resistant coating, corrosion resistant design to 
protect electronics inside the turbines, etc.), foundation for deep waters (floating 
structures) and noise reduction during the construction of the foundations to protect marine 
life. 

Estimated potential of their EU deployment 

It is expected that the installed capacity of wind power will reach 180 GW until 2020, 
thereof 40 GW offshore [SRA 2008]. Assuming an equivalent full load period of 3,500 h per 
year for offshore wind power, 140 TWh of electricity will be generated per year 
(approximately 4% of today’s electricity demand). By the end of 2009 more than 2 GW 
offshore wind capacity were installed [EWEA 2010].  

The potential for offshore wind power in the EU ranges between 2,900 and 3,200 TWh/yr 
[Joule 1995], [Viertel 2005] and could meet more than 85% of today’s electricity demand 
(~3,300 TWh in 2006 [Non-OECD 2008], [OECD 2008]). According to [SET-Plan 10/2009] 
up to 20% of the electricity in the EU will be produced by wind energy technologies 
(onshore and offshore) by 2020 (12% by photovoltaics, 3% by concentrating solar power 
(CSP) and 14% by bioenergy). The electricity grid in Europe will be able to integrate up to 
35% renewable electricity (probably fluctuating electricity sources such as wind and solar 
are meant here) in a seamless way and operate along the "smart" principle, effectively 
matching supply and demand by 2020.  

Backup power stations should be flexible. Nuclear and coal power plants have a limited 
ability to follow fluctuations. Natural gas (and/or biogas) fuelled power plants are an 
adequate technology. Nuclear power stations based on pressurized water reactor 
technology can follow fluctuations between 50 (minimum load) and 100% load within 10 to 
15 minutes. 
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Coal fuelled steam turbine power stations can follow fluctuations between 38 and 100% 
load within about 15 minutes. Natural gas fuelled combined cycle power plants can be 
operated between 33 (minimum load) and 100% load within 12 minutes. Gas turbines can 
follow the fluctuations between 20 and 100% within 4 minutes [Hundt 2009].  

1.2. Photovoltaics 
The following technologies will be addressed: 

• Mono crystalline Silicon: e.g. efficiency > 20%, wafer thickness < 150 μm 

• Multi crystalline Silicon: e.g. wafer thickness < 150 μm 

• Film fed growth (String Ribbon, EFG-Si) 

• Thin-film (amorphous Silicon, micro crystalline Silicon, CdTe, CIS, CIGS, CIGSSe 
etc.) 

• Organic photovoltaics (OPV, such as dye ink cells etc.) 

• Concentrating photovoltaics (CPV) 

Foreseen developments and research areas: 

• Thin-film PV: 

– Line-production processes (“roll-to-roll”, not batch) 

– Resource availability of rare earth elements vis-à-vis target markets 

• OPV: efficiency, life-time, and production processes 

• Micro-cells with integrated micro-electronics or energy storage, e.g. for special 
applications 

• Micro-inverters on single cells (Sandia National Laboratories) or single modules 
(Enecsys) for small-scale/special applications 

1.2.1. General 

Costs 

According to [SET-Plan 10/2009] it is expected that the specific investment for a turnkey 
conventional, non-concentrated photovoltaic (PV) system will decrease to less than 
1,500 €/kWp

5 by 2020 (concentrated PV systems: 2,000 €/kWp).  

Environmental issues 

Similar to other electronic devices the production of photovoltaic panels can lead to 
detrimental environmental impacts during the several stages of the manufacturing process. 
The polysilicon manufacturer Luoyang Zhonggui Technology, located in China’s Henan 
province, dumped the toxic by-product silicon tetrachloride (SCl4) liquid on surrounding 
farmland instead of recycling it back to the process [Washington Post 2008]. As this and 
similar cases show, certification might be required to avoid environmental impacts of the 
production of photovoltaic panels including upstream processes, especially if the 
photovoltaic panels are imported from outside the EU. 

                                          
5  kW peak (kWp) means the electricity output at standard test conditions (STC): irradiation = 1000 W/m2, cell 

temperature = 25°C, solar spectral irradiance at air mass (AM) 1.5 
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The “EU Restriction of the use of certain hazardous substances in electrical and 
electronic equipment (RoHS) Directive 2002/95/EG” limits the content of hazard substances 
in homogeneous material (material that can not be mechanically disjointed in different 
materials). The content of lead (Pb), mercury (Hg), hexavalent chromium, polybrominated 
biphenyls (PBB), and polybrominated diphenylethers (PBDE) shall not exceed 1 g per kg of 
homogeneous material The cadmium (Cd) content shall not exceed 0.1 g per kg of 
homogeneous material. [RoHS 2009].  

Currently PV panels are not subject to the RoHS6. Future inclusion of the PV panels is a 
business risk for CdTe PV panel manufacturers. What that means in terms of photovoltaics 
is that for example the maximum concentration values must refer to semiconductor layers. 
Cadmium-containing layers in CdTe or CIS modules therefore generally fall under the 
regulations of RoHS. The same applies to solder joints, which usually consist of Sn60Pb40. 
Regarding the glass frits of the cells, the lead contents also exceeds the maximum value of 
0.1%. With respect to brominated flame-retardants, plastic casings and circuit boards 
require a special analysis [PV Cycle 2007]. But the RoHS allows exemptions if alternatives 
are technically or scientifically impracticable or have higher environmental, health and/or 
consumer safety impacts. Each exemption is reviewed at least every four years.  

The “EU Waste Electric and Electronic Equipment Directive 2002/96/EG (WEEE)” regulates 
the recycling and disposal of electronic devices. Currently PV panels are not subject to the 
RoHS. PV panels may be included in the WEEE in the future, however. Therefore, part 
of the PV industry in the EU are developing PV system take back and recycling concepts [PV 
Cycle 2007]. Regarding cristalline PV panels the requirements resulting hereof would be to 
collect them separately from other waste streams as well as to secure transportation 
without damage to the modules. This necessity does not exist for thin film silicon modules. 
Regarding the treatment of cristalline modules, separation of the silicon is an important 
goal in order to arrive at reuse, recovery or recycling. The goal for cadmium containing PV 
panels is to separate the cadmium in order to extract it from the rest of the waste stream. 
The treatment of thin-film silicon PV panels has rather the goal of separating glas and 
metal in order to recover and recycle it.  

Estimated potential of their EU deployment 

By the end of 2008 about 9.7 GW of photovoltaic capacity was installed. It is expected that 
in 2010 the capacity will increase to about 18 GW [EUROBSERVER 2010]. The technical 
potential for electricity generation from photovoltaics on roofs ranges between 500 and 800 
TWh per year depending on the efficiency of the PV panels and the performance ratio of the 
plant. For the calculation of the PV potential it has been assumed that two thirds of the roof 
area useful for solar panel installation can be used for PV panels (one third is used for 
solarthermal collectors for heat generation). 

1.2.2. Crystalline silicon 
Photovoltaic (PV) panels based on crystalline photovoltaic cells are a mature technology. 
The major research and development area is cost reduction, notably through optimized 
production equipment.  

 

                                          
6  Currently the following electric and electronic equipment is covered by the RoHS and WEEE: large household 

appliances, small household appliances, IT and telecommunications equipment, consumer equipment, lighting 
equipment, electrical and electronic tools (with the exception of large-scale stationary industrial tools), toys, 
leisure and sports equipment, medical devices (with the exception of all implanted and infected products), 
monitoring and control instruments, automatic dispensers 

IP/A/ITRE/ST/2009-11 & 12 6                                                     PE 440.278



 Assessment of Potential and Promotion of New Generation of Renewable Technologies 

____________________________________________________________________________________________ 

 

Figure 2: Poly crystalline silicon photovoltaic panels, photovoltaic cells produced 
via string ribbon process 
 

 

Source: LBST 

Costs and lifespan 

In 2009 the average investment for a roof mounted photovoltaic power plant in Germany 
including converter and installation decreased to less than 4,000 €/kWp (thereof PV panel: 
2,700 €/kWp). Today, most of the photovoltaic panels (~90%) are based on crystalline 
silicon (Si) technology. The lifetime exceeds 20 to 25 years (warranty 20 to 25 years).  

The German feed-in tariff on 1st January 2010 amounted to 287.5 €/MWh for PV on open 
land and 395.7 €/MWh for PV on roofs with a capacity of up to 30 kW. This is 
approximately the same as the costs expected by the JRC-SETIS team for 2020 [SETIS 
2010]. In [SET-Plan 2008] the production cost of electricity (COE) from photovoltaics is 
expected to be 270 €/MWh to 460 €/MWh in 2020 which is approximately within the range 
of the German feed in tariff today.  

According to Centrotherm (a manufacturer of equipment for the photovoltaic industry) the 
total costs for the production of a photovoltaic panel including silicon production via the 
Siemens process amounts to about 1.26 €/Wp (average value based on factory locations in 
Canada and Germany). The total investment for the factory with an output of 347 MW PV 
panels would amount to €718.1 million [Photon 12/2008].  

Table 2: Overall costs for the production of photovoltaic panels in a facility with 
an annual output of 347 MW photovoltaic panels 

Production step Cost [€/Wp] 

Poly silicon supply (via HSiCl3 route) 0.21 

Ingot production 0.14 

Wafer manufacture 0.18 

Production of PV cells 0.28 

Production of PV panels 0.45 

Total 1.26 
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Energy efficiency and environmental performance 

The efficiency of mono-crystalline PV panels ranges from 13 to 20%. The upper level has 
been achieved by SunPower and is based on a PV panel consisting of 96 single cells with a 
capacity of 333 MW. The cell efficiency amounts to about 23% [SunPower 2009].  

Today, the energy payback times vary between <2 years (Southern Spain, Southern 
Portugal) and 5 years (Northern Sweden). In the major part of the EU the energy payback 
time amounts to 2 to 4 years [Jungbluth 2007]. 

Detrimental environmental impacts can occur during the production of solar panels in the 
various process stages. The production of pure silicon via the trichlorosilane (HSiCl3) route 
can lead to emissions of chlorinated compounds into air and water (e.g. toxic substances 
like SiH2Cl2, AsCl3, PCl3 and POCl3). Emissions of toxic substances (HF, SiF4) and strong 
greenhouse gases such as SF6 (GWP: 22,800 g CO2 equivalent/g) and PFCs can occur 
during the production process of wafers and photovoltaic cells. 

Foreseen developments and research areas 

Research and development areas are the improvement of existing processes for the 
production of solar grade silicon and the development of new processes with lower 
energy consumption and less usage of hazard substances.  

- Wacker in Germany is developing a trichlorosilane (HSiCl3) fluidized bed process 
which has a lower energy consumption than the conventional Siemens HSiCl3 
process. It is expected that the energy consumption can be reduced to less than 
one third of the value of the conventional HSiCl3 process. This implies that it is 
below 50 kWh per kg solar grade silicon (probably electricity, probably including 
the upstream production of metallurgical silicon). The decomposition of 
trichlorosilane produces hydrochloric acid, so exhaust gas treatment is necessary 
[REFOCUS 2004]. 

- “Muto Silicon” in Taiwan developed a process for the production of solar grade 
silicon from upgraded metallurgical silicon using the SiF4 route instead of the 
HSiCl3 route. NaF which is formed in the process is toxic. Therefore, recycling of 
the NaF is important. The advantage of this process is the lower electricity 
consumption (120 kWh per kg including Na and metallurgical Si manufacture) 
compared to the conventional process via HsICl3 route. The production costs of the 
Muto Silicon process are indicated with 17 to 20 US$ per kg of solar grade silicon 
compared to about 35 US$ per kg via the Siemens process using the HSiCl3 route. 
Open issues are the handling of the reactive Na and the long term stability of the 
process to produce silicon with sufficient purity [Photon 5/2009]. 

- Elkem Solar in Norway is developing a process for the metallurgical refining of 
metallurgical grade silicon to solar grade silicon (so-called upgraded metallurgical 
grade silicon (UMG-Si). The electricity consumption is indicated with 10-30 kWh 
per kg of solar grade silicon (probably including metallurgical silicon production) 
[REFOCUS 2004] [Elkem 2007]. This is a significant reduction compared to the 
range of 75-130 kWh of electricity per kg (probably including metallurgical silicon 
production) found for the production of electronic grade silicon via the 
conventional Siemens HSiCl3 process [Elkem 2007]. Furthermore the handling with 
harmful substances like HSiCl3 and SiCl4 (a by-product from the process) can be 
avoided.  
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Table 3: Electricity requirement for the production of solar grade silicon 
[kWhe/kg] 

Siemens process 
(HSiCl3 route) 

Fluidized bed 
process 

(HSiCl3 route) 

Muto silicon  
(SiF4 route) 

Upgraded 
metallurgical 
(UMG) silicon 

75-130 50 120 10-30 

 

In August 2009 a solar grade production plant based on metallurgical refining of 
metallurgical silicon from Elkem was inaugurated. After ramp up about 6000 t of solar 
grade silicon will be produced per year (sufficient for the production of PV panels with a 
capacity of about 800 MWp per year). The investment amounts to about 600 million US$ 
(~420 million €) [Elkem 2010]. Pure quartz is required as feedstock.  

Another issue of research is the reduction of the thickness of the wafer. The lower the 
thickness of the wafer the less silicon is required. Another issue is to reduce the losses 
from sawing. 

Via the “Silicon Genesis Process” and the “Imec Process” thin (50 μm) wafers can be 
produced. The process is in the R&D stage. The “Silicon Genesis Process” uses hydrogen to 
extract thin slices from thick (several mm to several cm) silicon slices. The “Imec Process” 
uses the different thermal expansion coefficients of silicon and silver to extract thin slices 
from a thick (several mm to several cm) silicon slice. Other approaches are the use of a 
laser beam or a water beam instead of a wire saw which is used today to produce wafers 
[Photon 9/2008]. 

Another approach to reduce the silicon requirement is to introduce the edge-defined film-
fed growth (EFG) technology or the string ribbon technology which significantly reduce the 
losses from sawing.  

1.2.3. Thin film 

Costs and lifespan 

Photovoltaic panels based on thin-film photovoltaic are partly mature technologies, e.g. 
CdTe (Cadmium Telluride) cells, and partly in the early stage of market introduction such 
as CIS (Copper Indium Disulphide), CIGS (Copper Indium Gallium Disulphide) and micro-
crystalline photovoltaic cells. Foreseen developments and research areas most notably 
include the improvement of manufacturing technologies, the reduction of manufacturing 
costs and increased module efficiencies.  

Thin film technology has the potential to decrease the material requirement and as a 
result the costs.  

On the other hand some thin film technologies have to face the scarcity of materials like 
tellurium (Te) for CdTe panels. The tellurium content by mass of the earth crust plus 
hydrosphere plus atmosphere is in the same order as gold (Te: 10-6; Au: 0.5 10-6). The 
indium content (used e.g. for CIS panels) is one magnitude higher (10-5) but has to face 
competing use e.g. the fast growing production of flat panel displays. The tellurium 
reserves amount to about 22,000 t (reserve base: 48,000 t) [USGS 2009]. According to 
[Angerer 2009] in 2006 the global tellurium production was about 132 t (excluding the 
USA). In [Angerer 2009] the tellurim content of CdTe photovoltaic cells is indicated with 31 
g/kWp. According to First Solar [First Solar 2/2010], a manufactuer of CdTe panels, the 
CdTe content amounts to about 14 g per panel (80 W) leading to a tellurium content of 
about 93 g per kWp.  
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If all of today’s tellurium production would be used for the production of CdTe panels, about 
1,400 MW of CdTe panels could be produced per year (at 93 g Te/kWp and a tellurium 
production of 132 t Te/yr). If all tellurium reserves were used for the production of CdTe 
photovoltaic panels, about 236 GWp could be installed worldwide. Assumed about 1500 
kWh per kWp would be generated as a world average, about 355 TWh of electricity could 
be generated per year (1.8% of totay’s global electricity demand).  

In case of CIS panels the indium is the scarce material. According to [Angerer 2009] the 
global indium reserves amount to about 11,000 t based on information from the USGS. 
According to [Angerer 2009] in 2006 the global indium production was about 580 t. In 
[Angerer 2009] the indium content of CIS photovoltaic cells is indicated with 50 g/kWp. If 
all of today’s indium production would be used for the production of CIS panels, about 
11,600 MW of CIS panels could be produced per year. If all indium reserves were used for 
the production of CIS panels, about 220 GW of CIS panels could be installed worldwide. 
Assumed about 1,500 kWh per kWp would be generated as a world average, about 330 
TWh of electricity could be generated per year (1.7% of totay’s global electricity demand). 
But indium is used for various other products such as light-emitting diodes (LEDs), laser 
diodes, LCD panels or control rods of nuclear reactors. Therefore, not all the indium is 
available for CIS photovoltaic.  

In case of amorphous silicon (aSi) panels the silicon is mainly deposited by chemical 
vapour deposition, typically plasma-enhanced (PE-CVD) from silane gas and hydrogen gas. 
Other deposition techniques that are investigated include sputtering and hot wire 
techniques. 

Micro morphous silicon (μSi) module technology combines two different types of silicon, 
amorphous and microcrystalline, in a top and a bottom photovoltaic cell.  

Environmental performance 

Emissions of cadmium (Cd) can occur during the production of CdTe cells. Cd can be 
released as well in case of fire and in conjunction with inappropriate recycling. 

For the production of thin film photovoltaic panels some companies use NF3 for the cleaning 
of chemical vapour deposition (CVD) equipment. NF3 is a very strong greenhouse gas 
(GWP: 17,200 g CO2-equivalent/g). Alternatives are e.g. the onsite production of fluorine 
gas.  

1.2.4. Concentratinig photovoltaic (CPV) 
Concentrating photovoltaics (CPV) can employ Si-based cells or cells based on so-called 
III-V semiconductors such as indium gallium arsenide (InGaAs), indium gallium 
phosphide (InGaP) and germanium (Ge). Highly efficient solar cells can be manufactured 
from these semiconductors by stacking three or more cells of different materials on top of 
each other (triple-junction cells, quadruple junction cells, quintuple junction cells). This 
layout splits the light spectrum into three ranges (short-wave, mid-spectrum and infrared 
radiation) to increase the absorption and as a result the efficiency. Multi-junction cells are 
very expensive. By concentrating solar irradiation the required solar cell area per kWp can 
be significantly reduced and the costly cell technology can compete with established 
photovoltaic technologies. But concentrating photovoltaics are more adequate for areas 
with high direct solar irradiation such as Southern Spain, Southern Italy, Portugal and 
Greece. For areas with high share of indirect irradiation, CPV is not economic. Most 
concentration systems work with 500 to 1000-fold concentration (also termed ‘suns’).  
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The higher the concentration, the higher is the necessary share of direct solar irradiation 
and the higher is the accuracy of both the assembly and the tracking system. Companies 
offering CPV are e.g. Concentrix Solar from Freiburg, Germany. 

Research issues for CPV are to find reliable, long-term stable and low-cost solutions 
for flat and concave mirrors, lenses and Fresnel lenses and their combination with 
secondary concentrators. Materials and mounting techniques have to be developed for the 
assembly of concentrator cells and optical elements [EuPV-TP 2007]. 

1.2.5. Dye ink cell 
Dye-ink photovoltaic cells are in the stage of research and development. So far, the 
lifetime of dye-ink photovoltaic is too short for the use in photovoltaic power stations.  

The dye-inked cells or dye-sensitized solar cells separate the two functions provided by 
silicon in a traditional cell design. Normally, the silicon acts as both the source of 
photoelectrons, as well as providing the electric field to separate the charges and create a 
current. In the dye-sensitized solar cell, the bulk of the semiconductor is used solely for 
charge transport, the photoelectrons are provided from a separate photosensitive dye. 
Charge separation occurs at the surfaces between the dye, semiconductor and electrolyte.  

The dye-sensitized solar cell was invented by Michael Grätzel and Brian O'Regan at the 
École Polytechnique Fédérale de Lausanne in 1991 and is also known as Grätzel cell. 

The active layer consists of a highly porous nanocrystalline titanium dioxide (nc-TiO2) 
deposited on a transparent electrically conducting substrate. A monomolecular layer of a 
sensitizing dye on the nc-TiO2 surface absorbs the incoming light. The device is completed 
by a counter-electrode comprising a thin platinum catalyst. The two electrodes are sealed 
to ensure confinement of the electrolyte containing the iodide/tri-iodide redox couple 
[Solaronix 2010]. 

Until now an efficiency of about 11% has been achieved. But degradation occurs if dye 
ink cells are exposed to ultraviolet (UV) radiation [Rossier-Iten 2006]. The major 
disadvantage to the dye ink cells is the use of the liquid electrolyte, which has 
temperature stability problems. At low temperatures the electrolyte can freeze, ending 
power production and potentially leading to physical damage. Higher temperatures cause 
the liquid to expand, making sealing the panels a serious problem. Another major drawback 
is the electrolyte solution, which contains volatile organic solvents and must be carefully 
sealed. This, along with the fact that the solvents permeate plastics, has precluded large-
scale outdoor application and integration into flexible structure [ScienceDaily 2008]. 
Replacing the liquid electrolyte with a solid has been a major ongoing field of research. Dye 
ink cells employing an organic solid achieve an efficiency of about 4% [Rossier-Iten 2006].  

1.2.6. Organic photovoltiacs (OPV) 
Organic photovoltaic cells are in the stage of research and development. So far, the 
lifetime of organic photovoltaic is too short for the use in photovoltaic power stations.  

Organic photovoltaics (OPV) refer to solar cells on the basis of organic semiconductor 
materials. A variant of organic photovoltaics are electrically conductive polymers 
(hydrocarbon polymers) used by Alan Heeger. 

OPV is pursued for the promise of fast and cheap roll-to-roll production at very little 
material efforts. Nanosolar in Germany is one of the companies to develop OPV production 
routes. Despite high expectations and significant private equity in the order of 
US$ 300 million raised, actual progress has been much slower than anticipated. 
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An open issue is the stability of organic solar cells. Experiments show that a 
degradation of less than 5% after 1,000 h of irradiation has been achieved [Mwaura 2008]. 
This would be less than one year of guaranteed lifetime if compared to today’s established 
PV technologies (many companies offer 20 years guaranteed power production with 5-10% 
power loss at maximum). 

The use of organic photovoltaics is mainly considered for consumer products. The target is 
to extend the lifetime above 5 years. For photovoltaic power stations a lifetime of at least 
20 years is required [Mwaura 2008]. 

1.2.7. Overview of various PV technologies 
An overview with details for all PV technologies is shown in Table 4. 

Table 4: Overview of varios PV technologies 

Efficiency (Panel) Costs 

Technology 
Compo-
sition State-of-

the-art [%] 
Potential 

[%] 
[€/Wp] 

Environmental 
performance 

Mono 
crystalline 
silicon (Si) 

Si 13-20 >20 

~2.70 
[Photon 
3/2009] 

<1 (target) 

Lifetime > 25 yr 
2.0 yr (1700 
kWh/(m²*yr)) [IEA 
2007] 

Multi 
crystalline 
silicon (Si) 

Si 12-14  

~2.70 
[Photon 
3/2009] 

<1 (target) 

Lifetime > 25 yr 
1.7 yr (1700 
kWh/(m²*yr)) 
[IEA 2007] 

Edge-defined 
film-fed growth 
(EFG) silicon 

Si 12-13  <1 (target) Lifetime  > 25 yr 

String Ribbon 
silicon 

Si 11-12  <1 (target) 

Low energy payback 
time, 1.5 yr (1700 
kWh/(m²*yr)) 
[IEA 2007] 

Amorphous 
silicon 

Si 5-7  

~2.20 
[Photon 
3/2009] 

<1 
(target) 

Lifetmie > 25 yr  

Low energy payback 
time 
< 2 yr [Schott 2009] 

Micro 
crystalline 
silicon/ 
Micromorph 
silicon 

Si 
7-8 [Sontor] 
9-10 [Kaneka] 
8.5 [Inventux] 

>12 <1 (target) 

Lifetime > 25 yr 
[Kaneka 2009] 
NF3 emissions at 
production stage, can 
be avoided by using 
F2 

Cadmium 
Tellurium CdTe 8-11 15% [Photon 

5/2009] 

~2.20 
[Photon 
3/2009] 

<1 (target) 

Lifetime > 25 yr [First 
Solar 1/2010] 
Low energy payback 
time; Limited 
tellurium (Te) 
resources; 
Danger of Cd release 
in case of fire 
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Efficiency (Panel) Costs 

Technology 
Compo-
sition State-of-

the-art [%] 
Potential 

[%] 
[€/Wp] 

Environmental 
performance 

Cupper Indium 
Di-sulphide 
(CIS) 

CuInS2 7-11 >15 <1 (target) Limited indium (In) 
resources 

Cupper Indium 
Gallium Di-
sulphide 
(CIGS) 

Cu(Ga,In)S2 7-11 

>15 

16.6 
[Anström 
Solar Center] 

< 1 
(target) 

Limited indium (In) 
resources 

Cupper Indium 
Gallium Di-
Selenide 
(CIGSSe) 

Cu(Ga,In)(
S,Se2) 

7-11 >15 <1 (target) Limited indium (In) 
resources 

Concentrating 
Photovoltaics 
(CPV) 

 

27.2 
[Concentrix]; 
11.5 
(crystalline Si 
cells) 
[CPower Srl, 
Italy] [Photon 
9/2008] 

30   

Dye ink cell  
11.2 
(Laboratory) 

  

Short lifetime 

Limited Ruthenium 
(Ru) and platinum 
(Pt) resources 

Organic 
Photovoltaics 
(OPV) 

 
4-6 
(cell) 

  Short lifetime (< 1 yr) 

1.3. Concentrating Solar Power (CSP) 
The following technologies will be addressed: 

• Parabolic trough 

• Linear fresnel collector 

• Solar tower 

1.3.1. General 
Parabolic trough based CSP has reached a high maturity with first commercial 
systems recently installed in southern Spain (9 plants have been operational in 
California since the 1980ies), whereas CSP based on solar tower technology is in the state 
of research and development. Linear fresnel collectors have reached early commercial 
maturity.  

By the end of 2009 about 500 MWe of concentrating solar power (CSP) based on parabolic 
trough, 5 MWe based on linear fresnel collectors, and 40 MWe based on solar tower had 
been installed in the world. 10 GW of CSP plants based on parabolic trough are under 
construction or planned in the world. By the end of 2010 about 741 MWe will have been 
installed in the EU (cumulative) [Richter 2009]. Unpublished industry information estimate 
double this amount based on plants under construction or contracted. 
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The technical electricity generation potential of CSP within the EU is indicated 
with about 2,240 TWh [MED-CSP 2005] (67% of today’s electricity demand). If only 
areas with a solar irradiation (DNI) of at least 2,000 kWh per m2 and year were taken into 
account, about 1,450 TWh of electricity could be generated per year [MED-CSP 2005] (44% 
of today’s electricity demand). 

According to [SET-Plan 10/2009] up to 3% of the electricity in the EU will be produced by 
concentrating solar power (CSP) by 2020. 

Both parabolic trough concentrators, fresnel collector based CSP and solar towers also 
require relatively flat land, i.e. less than 1% slope for one solar field is desirable [SET-Plan 
2009] 

1.3.2. Parabolic trough 
Long rows of parabolic reflectors concentrate the sun by 70 to 100 times onto a heat-
collection element (HCE) placed along the reflector’s focal line. The sun is tracked around 
one axis, typically oriented north-south. The HCE consists of an inner steel pipe, coated 
with a solarselective surface and an outer glass tube, with vacuum in between. A heat-
transfer fluid – in general oil – is circulated through the steel pipe and heated to around 
390°C. The hot fluid from numerous rows of troughs is passed through a heat exchanger to 
generate steam for a conventional steam turbine generator.  

 

Figure 3: Parabolic trough system at the Plataforma Solar de Almería in Spain 

 

Source: Image LBST 

Concentrating solar power (CSP) stations based on parabolic trough have been in operation 
for more than 20 years in California, USA. Recently in Spain new CSP plants have been 
constructed. About 1,800 MWe are under construction in Spain capable to generate about 6 
TWh of electricity per year (assumption: all plants with thermal storage). The CSP plants in 
Spain have a thermal storage to increase the equivalent full load period. The advantage of 
CSP is that thermal storage can be applied to increase the equivalent full load period.  

Costs and lifespan 

The investment for the CSP plant “Andasol” with a capacity of 50 MWe per unit amounts to 
250 to 300 million € per unit including thermal storage (5,000-6,000 €/kWe). Increasing 
the capacity from 50 MWe to 200 MWe could decrease the investment and as a result the 
electricity generation costs by more than 20% [Schott 2006]. 
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A lifetime of at least 40 years is expected [Andasol 2010] similar to coal fuelled steam 
turbine power stations. 

Energy efficiency and environmental performance 

The efficiency (solar energy to electricity) typically amounts to about 15% (peak 
efficiency: 28%). The collector efficiency (average over the year) amounts to about 50%. 
The land requirement amounts to about 2 ha per megawatt of electricity output.  

An issue is the usage of dry cooling towers instead of wet cooling towers in regions 
where water is scarce. Wet cooling requires about 2.8 m³ per MWh of electricity, which is 
comparable to other thermal power stations. Air cooling and wet/dry hybrid cooling 
systems offer highly viable alternatives to wet cooling and can eliminate up to 90% of the 
water usage. The penalty in electricity costs for steam generating CSP plants range 
between 2 and 10% depending on the actual geographical location, electricity pricing and 
effective water costs. The loss of a steam plant with state-of-the-art dry cooled condenser 
can be as high as 25% on very hot summer days in the US Southwest [SET-Plan 2009].  

Foreseen developments and research areas 

One issue of research is to use steam (direct steam generation) or molten salt instead of 
oil as heat transfer fluid to increase the efficiency. However, molten salts freeze at 
relatively high temperatures of 120 to 220°C. Therefore, measures must be carried out to 
ensure that the salt does not freeze in the solar field piping during the night [SET-Plan 
2009].  

1.3.3. Linear fresnel collectors 
Instead of parabolic trough, fresnel collectors can be used which consist of flat mirrors. 
The production costs for fresnel collectors are considered to be lower than those for 
parabolic troughs. But the annual optical performance is lower than that of a trough 
reflector [SET-Plan 2009]. Only a few plants have been installed until now.  

In Europe, Novatec BioSol is operating a 1.4 MW demonstration plant in Murcia in Southern 
Spain and is arranging financing for a 30 MW plant on an adjacent site. The Solar Power 
Group, working in partnership with the industrial services company MAN-Ferrostaal, is 
planning a 15 MW hybrid plant in Libya in North Africa in addition to other projects in Spain 
and North Africa. A 1 MW prototype has been tested at the Plataforma Solar de Almería 
research centre in Spain since 2007. The plant produces superheated steam at 450°C and 
10 MPa pressure. The deployment of linear fresnell collectors is also planned for a 100 MW 
project in Ma'an in Jordan with a back-up fossil boiler (expected to enter operation in 
2013). Another project involving linear fresnell collectors is to produce steam to boost a 
proposed 750 MW coal-fired power station in Queensland, Australia [CSP today 2010].  

A fixed receiver is installed at a height of 3-10 m above the ground, and 10 to 20 small 
mirrors stripes, accessible from the ground, are canted onto the same absorber. All current 
pilot scale systems use water/steam as heat transfer fluid, feeding directly into a steam 
turbine or absorption chiller. The configuration allows for smaller distances between the 
mirror rows, but leads to low power production in the morning and evening hours [CSP 
Services 2010]. The deployment of linear fresnel collectors is proposed for projects in 
countries that require a higher share of local supply and construction and at the same 
time miss the know how to manufacture parabolic trough collectors.  

However, the lower performance of this technology variant together with the lack of long-
term operating experience is still an issue for the commercial implementation [CSP Services 
2010].  
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1.3.4. Solar tower 
Another approach is to focus the solar irradiation into a receiver mounted on a tower. In 
this way very high temperatures of more than 1,000°C can be generated. 

Figure 4: Solar tower at the Plataforma Solar de Almería (PSA) in Spain  

 

Source: Imge LBST 

Solar towers are in the stage of research and development. Two pilot CSP plants based on 
a solar tower concept (“PS 10” and “PS 20”) with a capacity of 10 and 20 MW respectively 
have been built in Spain.  

Research areas are the lifetime of the receiver materials where high temperatures of more 
than 1,000°C can occur.  

1.4. Bioenergy 
The following technologies have been addressed here: 

• Biogas upgrading to natural gas quality and injection into the natural gas grid 
(pressurized water scrubbing, pressure swing adsorption (PSA), membranes etc.) 

• Synthetic gasoline and diesel via gasification of lignocellulosic biomass with 
downstream synthesis and upgrading (Biomass to Liquids – BTL) 

• Integrated gasification and combined cycle (IGCC) power plant/ IGCC CHP 

• Lignocellulosic ethanol 

1.4.1. Biogas upgrading to natural gas quality 
Upgrading of biogas offers the advantage of using the natural gas grid to transport biogas 
to the consumer and of using methane from biogas as transportation fuel. Meanwhile, 
mature technologies for biogas upgrading have been developed.  
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Biogas is generated via anaerobic fermentation of moist vegetable biomass, 
livestock manure, organic waste from households and catering (which mainly 
consists of wet organic waste), and sludge from sewage plants. Biogas mainly consists 
of 50 to 75% methane (CH4) and 25 to 50% carbon dioxide (CO2). There are also small 
amounts (up to 1%) of hydrogen sulfide (H2S) and traces of ammonia (NH3), nitrogen (N2), 
hydrogen (H2) and oxygen (O2). Today, biogas is mainly used for electricity and heat 
generation via a gas engine onsite the fermenter. By the end of 2007 biogas plants with an 
electricity generation capacity of about 3.7 GW were installed within the EU [BMU 2009].  

If the biogas has to be transported to the consumer using the natural gas grid, 
upgrading to natural gas quality (CH4 >98%) is required. Upgrading to natural gas 
quality is also required if the biogas is to be used as transportation fuel for CNG vehicles. 
Today, upgraded biogas as transportation fuel for CNG vehicles is mainly used in Sweden.  

Technologies are pessurised water scrubbing (PWS), physical scrubbing using an organic 
liquid such as polyethyleneglycol dimethylether (Selexol) or the scrubbing agent 
“genosorb”, pressure swing adsorption (PSA), chemical scrubbing processes using amines 
(e.g. MEA, DEA), cryogenic technologies (e. g. the TCR system from the Dutch company 
Jeroen de Pater Gastreatment Services), and separation via membranes. Today, mainly 
pressurised water scrubbing and pressure swing adsorption (PSA) plants are applied.  

Costs and lifespan 

The investment for upgrading via pressurised water scrubbing (PWS) ranges between 
0.6 million € for a plant with a capacity of 100 Nm³ biogas per hour (50-75 Nm³ CH4/h) 
and 0.9 million € for a plant with a capacity of 600 Nm³ biogas per hour (300-450 Nm³ 
CH4/h) [Schulz 2004]. 

The investment for upgrading via pressure swing adsorption ranges between 
0.4 million € for a plant with a capacity of 100 Nm³ biogas per hour (50-75 Nm³ CH4/h) 
and 0.8 million € for a plant with a capacity of 600 Nm³ biogas per hour (300-450 Nm³ 
CH4/h) [Schulz 2004]. 

Upgrading via membrane separation is still in the research and development stage.  

Energy efficiency and environmental performance 

Generally the treatment of organic residues including sewage sludge via fermentation in 
biogas plants offers the advantage of recycling nutrients such as phosphorus.  

The electricity consumption for the process of upgrading biogas to natural gas quality via 
pressurised water scrubbing (PWS) and pressure swing adsorption (PSA) ranges between 
0.25 to 0.30 kWh per Nm³ biogas to be processed which leads to about 0.03 to 0.05 MJ per 
MJ of CH4.  

Chemical scrubbing processes lead to lower electricity consumption (0.13-0.15 kWh per 
Nm³ of biogas to be processed) however, a temperature of 160°C is required for the 
regeneration of the scrubbing agent. The electricity consumption for membrane separation 
depends on the pressure.  

In case of pressurised water scrubbinig (PWS) and pressure swing adsorption (PSA) 
methane losses typically amount to about 1-2%. However, there are PSA plant designs 
where the methane losses can reach 10% for PSA plants. The CH4 losses can be found in 
the tail gas. The tail gas including methane can be fed into a gas engine to avoid the 
emissions of CH4 into the atmosphere.  

Table 5 shows an overview of the different biogas upgrading technologies.  
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Table 5: Overview of variouis biogas upgrading technologies 

Physical scrubbing 
Chemical 
scrubbing 

Adsorption 
Criteria 

PWS Genosorb MEA DEA PSA 

Membranes 

Pre-treatment No (4) No (4) Yes (4) Yes (4) Yes (4) n.d.a. 

Pressure [MPa] 0.5-0.9 0.4-0.7 0.1 4) 0.1 4) 0.5-3,2 0.6-4.0 

CH4 loss [%] 1-2 2-4 (4) <0.1 (4) <0.1 (4) 
1-2 (1) 

6-10 (2), (4) 
1.5-3 (3), (5) 

CH4 content 
product gas 
[%] 

>97 >96 >99 (4) >99 (4) >97 >97 

Electricity 
consumption 
[kWh/(Nm³ 
crude biogas)] 

0.25 (4) 
0.30 (6) 

0.24-0.33 
(4) 

0.13 (6) 

<0.15 
(4) 

0.13 (6) 

<0.15 
(4) 

0.25 (4), (6) 
0.15-0.30 (7) 

0.50 (6) 

Temperature 
[°C] 

- 55-80 160 160 - - 

Operation 
range 
[% full load] 

50-100 50-100 50-100 50-100 ±10-15%  

Number of 
plants 

>20 (4) 2 (4) 3 (4) 1 (4) >20 (4) 2 (5) 

(1) CarboTech 
(2) QuestAir 
(3) 2-stage process 
(4) Markterhebung 2007-2008; Fraunhofer Institut Umwelt-, Sicherheits-, Energietechnik (UMSICHT), April 2008 
(5) Technische Universität Wien, Institut für Verfahrenstechnik, Umwelttechnik und Technische Biowissenschaften; 
2009; http//bio.methan.at 
(6) Schulte-Schulze Berndt, A., CarboTech Engineering GmbH: Biogasaufbereitung mit der 
Druckwechseladsorption; 6. Hanauer Dialog “Biogasaufbereitung zu Biomethan”; Kassel, 21.02.2008 
(7) Calculation (2-stage compression from 0.1 to 0.6 MPa or 3-stage compression from 0.1 to 4.0 MPa, 
compressor effiency: 75%, efficiency electric motor: 90%, compression of cruce biogas and compression of the 
permeate because of 2-stage membrane separation) 

Forseen developments and research areas  

Biogas upgrading based on pressurised water scrubbing and pressure swing adsorption are 
mature technologies. Chemical scrubbing processes are state-of-the-art in large plants for 
the chemical industry and for natural gas processing. Upgrading via membrane separation 
is still in the research and development stage.  

Estimated potential and their EU deployment 

The potential for upgraded biogas depends on the potential for biogas in general which is 
much more limited than the technical potential for wind power, photovoltaics and 
concentrating solar power (CSP).  

The technical potential for upgraded biogas from wet and dry manure, from sewage 
plants and from municipal waste, ranges between 500 and 1,000 PJ (140-280 TWh) 
per year (based on a calculation by LBST).  
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In addition biogas can be derived from the cultivation of energy crops. According to 
[EAA 2006] a biomass yield of 10 t (wheat whole plant) to 17.5 t (double cropping, 
optimal) of dry substance per ha and year can be expected in the EU. According to [KTBL 
2006] the gross methane (CH4) yield amounts to about 270 Nm³ per t of dry substance in 
case of wheat whole plant and 312 Nm³ per t of dry substance in case of maize whole plant 
(which is used together with another plant for double cropping). The energy supply for the 
biogas and upgrading plant requires about 20% of the biogas formed in the fermenter. If 
10% (~10.5 Mio. ha) of the arable land in the EU (~105 Mio. ha) would be used for the 
cultivation of energy crops for biogas generation, about 820 to 1,650 PJ of ugraded 
biogas could be generated per year from energy crops.  

The total technical potential of upgraded biogas from organic residues and from energy 
crops woud amount to about 1,320 to 2,650 PJ per year or 7 to 15% of today’s natural 
gas consumption in the EU.  

Many studies (including [EEA 2006]) assume high yield increase in the future by 
extrapolating the yield increase of the past into the future. The question is whether this 
approach is realistic. 

According to [UNEP 2009] global crop yields actually grow slower than they did in the past 
and cropland per capita is likely to decline because of population growth. Thus, the option 
for producing biogas from the cultivation of energy crops is more constrained than it might 
seem. Especially in countries with high crop yield levels, yield increases seem to have 
slowed down. A constraint of rising importance is the increasing level of nutrient pollution.  

1.4.2. BTL 
Synthetic gasoline and diesel (“biomass-to-liquid” (BTL)) can be produced via gasification 
of lignocellulosic biomass such as wood and straw with downstream synthesis and 
upgrading. BTL is also considered as so-called “2nd generation biofuel”. The technology has 
been under development for several years. BTL plants are still an issue of research and 
development.  

Lignocellulosic biomass such as wood chips and straw can be used as feedstock. At first a 
mixture of hydrogen (H2) and carbon monoxide (CO) is generated via gasification. After 
clean-up the product gas stream is sent to the Fischer-Tropsch (FT) synthesis stage. The FT 
synthesis is carried out according to the exothermal reaction: 

n CO + n 2 H2 ⇒ (-CH2-)n + n H2O   (H = -152 kJ) 

To get the maximum yield of liquid hydrocarbons and minimum yield of gases, the FT 
synthesis is carried out in such a way that predominantly heavy products (heavy paraffin) 
are created. In a next step the heavy paraffins are cracked into lighter hydrocarbons via 
hydrocracking. In case of the Shell Middle Distillated Syntheses (SMDS) process, operated 
at maximum diesel mode, the liquid products consist of some 60% gasoil (diesel), 
25% kerosene and 15% naphtha. The gaseous products mainly consist of LPG (a 
mixture of propane and butane). The separation of the different products is carried out via 
rectification. Figure 5 shows a simplified diagram describing the generation of synthetic 
hydrocarbons from biomass via gasification and downstream FT synthesis. 
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Figure 5: Simplified process scheme of the production of synthetic hydrocarbons 
via gasification and downstream Fischer-Tropsch (FT) synthesis 
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Source: LBST compilation 

An alternative to the FT synthesis is the generation of synthetic transportation fuels 
via methanol route. The generation of synthesis gas via gasification is followed by a 
methanol synthesis step. The methanol is converted to synthetic transportation fuel 
(gasoline, diesel) via the so-called MtSynfuels process. The advantage of the MtSynfuels 
process compared to the FT synthesis is that the naphtha can be used directly as a fuel for 
Otto engines without any further upgrading (RON 92) [Lurgi 2004]. 

Costs and lifespan 

Until now only pilot and demonstration plants exist (e.g. in Freiberg, Germany). The 
typical capacity of a commercial BTL plant amounts to about 500 MWth (biomass input), 
generating about 200 MW of liquid hydrocarbons (BTL). The biomass requirement of such a 
plant would amount to about 0.7 million t of dry substance per year. The investment 
amounts to about 600 million € [dena 2006].  

Energy efficiency and environmental performance  

At a hydrocarbon chain growth probability of 0.90 an efficiency of about 42%, based on the 
lower heating value (LHV) can be archieved [dena 2006], [Hamelinck 2004]. Furthermore, 
excess electricity is generated.  

Foreseen developments and research areas 

BTL plants are still in the state of research and development. One main research issue is 
the development of gasifier technologies including components for product gas 
clean-up which operates with a high reliability for many years.  

Estimated potential and their EU deployment 

A demonstration plant with a capacity of about 50 MWth (bomass input) is located in 
Freiberg in Saxony in Germany. In [CONCAWE 2007] the potential for BTL was assessed 
taking the competing use of biomass for heat and electricity generation into account.  
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For BTL the potential amounts to about 750 PJ per year (about 6% of today`s demand of 
road transportation fuel in the EU). In [CONCAWE 2007] the efficiency of the BTL plant was 
assumed to be about 38%, based on a hydrocarbon chain growth probability of 0.85 
instead of 0.90. On the other hand according to [CONCAWE 2007] more excess electricity is 
generated from the BTL plant (lower BTL yield leads to higher electricity yield and vice 
versa). Assuming the BTL efficiency was 42% instead of 38% the potential would be about 
830 PJ of BTL per year (about 7% of today’s demand of transportation fuel in the EU). 

The naphtha fraction generated by the Fischer-Tropsch Synthesis can also be used in the 
chemical industry for the production of polymers, needed to produce plastics (naphtha is 
cracked in another process to produce ethylene and propylene which are the monomers to 
produce polyethylene and polypropylene). If biomass derived plastics are recycled (or used 
as feedstock for gasification), the demand for biomass, and thus the requirements for land, 
can be significantly decreased (for this purpose). At the same time, the carbon will be kept 
longer in the use phase and added to the stock of durable goods in the technosphere. The 
production of materials however, is another use of biomass which competes with the use of 
lignocellulosic biomass for the production of BTL as transportation fuel.  

1.4.3. Electricity generation via IGCC 
Lignocellulosic biomass can be used for the generation of electricity via an integrated 
gasification combined cycle (IGCC) process. The IGCC offers higher electrical 
efficiency than conventional steam turbine processes. Solid biomass fuelled IGCCs are still 
an issue of research and development.  

Instead of converting the product gas stream leaving a gasification plant to BTL, the 
product gas (mainly CO and H2) can be used for heat and electricity generation. In contrast 
to BTL plants air instead of pure oxygen can be used as gasification agent and thus avoid 
the requirement of an air separation plant. In case of allothermal gasification however, 
(steam is used as gasification agent) air separation is not required at all. 

Costs and lifespan 

The capital cost of a biomass fuelled integrated gasification combined cycle power plant 
(IGCC) with a capacity of 30 to 100 MWe is estimated at 3,500 to 5,000 €/kWe for an 
electrical efficiency of 40 to 50 % [SET 2009]. Until now biomass fuelled IGCCs are not 
commercially available. Biomass fuelled IGCCs are still in the stage of research and 
development.  

Energy efficiency and environmental performance 

Integrated gasification combined cycle power plants generally archieve a higher electrical 
efficiency than conventional steam turbine based biomass fuelled power stations. 
Circulating fluidised bed gasifiers are adequate from a few MWth (biomass input) up to 
100 MWth. Biomass fuelled IGCC ensures high electrical conversion efficiency of 40 to 50% 
for 30 to 100 MWe plant [SET 2009]. According to [Paisley 2001] a biomass fuelled IGCC 
plant with a capacity of 25 MWe based on the allothermal gasifier developed by the Battelle-
Columbus Laboratory (BCL) can archive a net electrical efficiency of 42.5%. The net 
electrical efficiency of the pilot biomass IGCC plant at Värnamo in Sweden is indicated with 
32% (electricity plus heat: 83%) [Stahl 2004]. 

IGCC offers the advantage that the dust has to be removed from the product gas stream 
before inserting it into the gas turbine leading to potentially low dust emissions into the air.  
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Foreseen developments and research areas 

Demonstration projects were developed in several countries based on various gasification 
concepts, such as a pressurized biomass fuelled IGCC unit in the BIOFLOW pilot project in 
Sweden or the atmospheric biomass fuelled IGCC system in the ARBRE project in UK. 
According to [SET 2009] the operation of these projects proved to be difficult and they 
were closed down. The demonstration project in Värnamo - although the plant is closed 
now - seems to be successful. The plant was operated for 3,600 h as a fully integrated 
plant.  

One major issue for further research and development is to achieve the reliable operation 
of an IGCC plant over a long period of time.  

Estimated potential of their EU deployment 

The potential for a biomass fuelled IGCC depends on the availabitly of biomass in general. 
The use of biomass for IGCC competes with the use of biomass for wood chip fuelled 
heating plants, wood pellet fuelled boiler, and with the production of BTL.  

Cascading strategies for the use of biomass include using biomass to produce material (e.g. 
for construction of buildings and furniture) first, then recover its energy content from the 
waste. However, in most countries waste wood has already been used for electricity and 
heat generation.  

1.4.4. Lignocellulosic ethanol 
The lignocellulosic ethanol process is also in the state of research and development. 

Lignocellulose such as wood and straw mainly consists of cellulose, hemicellulose and 
lignin. Enzymes are used to break complex cellulose into simple sugars such as glucose 
which can be converted to ethanol by fermentation and distillation. One developer of a 
lignocellulosic ethanol process is Iogen in Canada.  

Costs and lifespan of the technology 

The process is stil in the stage of research and development. The investment for a large 
plant for the conversion of straw to ethanol with an ethanol output of 139 MW based on the 
LHV (Biomass input: ~330 MW), is expected to be about 300 million US$ [Iogen 2005].  

Energy efficiency and environmental performance 

According to Iogen about 270 kg of ethanol can be generated per t of straw (dry 
substance) leading to an efficiency of about 42%, based on the LHV [CONCAWE 2007]. The 
efficiency for the conversion of wood chips to ethanol is indicated with 32 to 35% [Wooley 
1999]. The lignous residue is used for heat and electricity generation to meet the energy 
demand for the ethanol plant (e.g. for distillation of the ethanol). According to [SET 2009] 
an efficiency of about 35% can be achieved for the conversion of lignocellulosic 
feedstock to ethanol in general.  

Some developers use genetic modified organisms (GMO) for hydrolysis and 
fermentation. One environmental issue could be the possible release of GMO from the 
ethanol plant into the environment.  

Forseen developments and research areas 

Lignocellulosic ethanol plants are still in the state of research and development.  
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Estimated potential of their EU deployment 

In [CONCAWE 2007] the potential for BTL was assessed taking the competing use of 
biomass for heat and electricity generation into account. The potential of BTL amounts to 
about 800 PJ per year (about 6% of today`s demand of road transportation fuel in the EU).  

1.4.5. Algae-base bioenergy 
Algae-based bioenergies have not been within the scope of this study. However, there is a 
new rush of discussions on the promises of algae. 

Algae for high-value food and material uses – e.g. for proteins, pharmaceuticals, and 
‘green chemistry’ – is ‘commercial’ with the technology that is available today. 

For biogas that is derived from algae-biomass, which in turn is fed with CO2 from the 
biogas and CHP plants’ exhaust gases, the current state is ‘pilot’ with a view to ‘pre-
commercial’.  

For algae-derived biofuels, the current state is ‘pilot’, however, in order to advance the 
technology, basic R&D is still needed, e.g. in the field of suitable algae-strains versus 
cultivation technology and management, microalgae harvesting, and algae-oil extraction. 

1.5. Ocean Current, Wave and Tidal 
Power from the ocean can be extracted from currents, tides or waves. Temperature and 
salinity differences can be used for electricity generation, too. All forms of ocean power 
generate electricity by converting water’s kinetic or thermal energy into mechanical energy 
to drive a turbine or pump. 

The following technologies will e.g. be addressed: 

• Oscillating Water Column (OWC) 

• Seawave Slot-Cone converter (SSG) 

• Horizontal and vertical ocean current turbines  

• Pelamis Wave Energy Converter 

• Wave dragon 

Ocean power is mostly in the stage of research and development. There are numerous 
concepts between design and scale model testing (tank or ocean testing) phases. Some 
technologies have the potential to become mainstream energy technologies and 
are now in the demonstration phase. However, a few concepts (e.g. Pelamis Wave Energy 
Converter) are in the state of early commercialisation. One form of ocean power, the ocean 
thermal energy conversion (OTEC), can be put to secondary uses such as air conditioning, 
chilled-soil agriculture (which allows plants from temperate zones to grow in the tropics) 
and aquaculture. Desalinated water can be a by-product of some ocean power installations. 

1.5.1. General 

Cost and lifespan 

Because most ocean power technologies are not mature yet (they are in best case in the 
pre-commercial stage), there is a big variability of concepts and only a few commercial 
scale prototypes are available. Since the installations are exposed to a hostile environment 
(storms, corrosion by sea water, etc.) the prototypes are often constructed to be extra 
robust (e.g. triple wall thickness) resulting in higher production costs.  
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There is also a lack of experience on operating and maintenance costs of commercial scale 
ocean power except for tidal power plants installed at a barrage. These factors hinder the 
reliable calculation of the costs of electricity generation. 

Energy efficiency and environmental performance 

Environmental issues raised by ocean power applications [DOE 2009]: 

• Alteration of current and wave strengths and directions 

• Alteration of substrates and sediment transport and deposition 

• Alteration of habitats for benthic organisms 

• Noise during construction and operation 

• Generation of electromagnetic fields 

• Toxicity of paints, lubricants, and antifouling coatings 

• Interference with animal movements and migrations, including entanglement 

• Strike by rotor blades or other moving parts 

The magnitude of the environmental impacts can vary from individual injuries to ecosystem 
level effects. Further research is needed to specify the consequences and dimensions of all 
possible impacts. 

Forseen developments and research areas 

Challenges to ocean power technologies: 

• High costs of service and maintenance at the open sea (coastal maintenance more 
simple/cheap) 

• Corrosion and impact of salty water on all moving or non-moving parts (e.g. “wet” 
or “dry” turbines) 

• Accrescence of the devices by aquatic flora & fauna 

• The electricity generation costs area by all concepts too high 

• The anchorage (mooring system) of the devices is potential weak point (e.g. danger 
of ripping what raises actuarial questions)  

• The device has to be able to survive storm damage and saltwater corrosion. Likely 
sources of failure include seized bearings, broken welds, and snapped mooring lines. 
Hence, designers may create prototypes that are so overbuilt that materials costs 
prohibit affordable production. 

• In terms of socio-economic challenges, wave farms can result in the displacement of 
commercial and recreational fishermen from productive fishing grounds, can change 
the pattern of beach sand nourishment, and may represent hazards to safe 
navigation. 

Estimated potential of their EU deployment 

There are many challenges that have to be overcome before ocean power can make a 
significant contribution to the EU electricity supply and reach large-scale commercialisation.  

The global wave power theoretical potential has been estimated to be around 1,000-
10,000 GW, which is the same order of magnitude as the world electrical energy 
consumption.  
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The best wave climates, with annual average power levels between 20-70 kW/m of wave 
front or higher, are found in the temperate zones (30-60 degrees latitude) where strong 
storms occur [Brooks 2010]. 

Until now there are no reliable estimates for the proportion of ocean energy potential which 
can be utilised (technical potentials).  

1.5.2. Ocean power based on ocean currents 
Technologies based on ocean currents (tidal and other ocean currents) convert the kinetic 
energy associated with moving water into electricity. Ocean current energy converts are 
often rotating machines similar to wind turbines. The rotor may have an open design like a 
wind turbine or may be enclosed in a duct that channels the flow. Further, the rotor may be 
characterized by conventional “propeller-type” blades or helical blades. 

The first large tidal power plant was built in 1966 in Brittany in France. The plant is 
installed at the 750 m long La Rance barrage. The plant consists of 24 turbines and has a 
capacity of total 240 MW. This is the only case where real (commercial scale) production 
data is available. The plant generates about 540 million kWh per year [EDF 2010]. 

However, tidal current stream technology is characterised by smaller units than the large-
scale tidal barrages [Brooks, 2010]. The European Marine Energy Centre (EMEC) further 
divides ocean current energy converters into four main types: 

• Horizontal axis turbines: Horizontal axis turbines often look similar to wind 
turbines. They extract kinetic energy from the moving water in the same way that 
wind turbines extract energy from moving air. Capacity: up to 4 MW. One 
manufacturer is Marine Current Turbines (MCT) Limited in United Kingdom. Siemens 
has aquired a stake of MCT in 2010.  

• Ducted horizontal axis turbines: Enclosing the horizontal rotor inside a duct 
(often funnel-shaped) has the effect of concentrating the flow past the turbine. This 
configuration may allow operation over a greater range of current velocities, thereby 
generating more electricity per unit of rotor area [Kirke 2005]. 

• Vertical axis turbines: In vertical axis turbines, the axis of the rotor is oriented 
perpendicular to the flow. These turbines may also take different forms, such as 
being enclosed within a duct. Capacity: up to 3 MW 

• Oscillating hydrofoils: Oscillating hydrofoils pivot in response to tidal currents 
flowing over a wing or flap-like structure; the movements drive fluid in a hydraulic 
system to generate electricity. Capacity: up to 0.5 MW 
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Figure 6: Horizontal axis turbine  

 

Source: Courtesy Marine Current Turbines Ltd. 

1.5.3. Wave energy 
Wave energy technologies convert wave energy (the sum of potential energy [due to 
vertical displacement of the water surface] and kinetic energy [due to water in oscillatory 
motion]) into electricity. Thus, these devices operate by means of changes in the height of 
ocean waves (head or elevation changes). There is a wide variety of wave energy converter 
designs that can be categorized in several ways. 

The European Marine Energy Centre (EMEC) divides wave energy converters into six main 
types: 

• Point absorbers: Point absorbers are like buoys, floating at or near the surface and 
moored to the ocean bottom. These devices are able to capture energy from a wave 
front greater than the physical dimension of the device. The vertical motions of 
ocean waves provide the mechanical power to drive an electrical generator. 
Capacity: up to 6 MW per buoy (full scale prototype). Ocean Power Technologies, 
Inc. (OWP) has begun the initial phase of installing a 1.39 MW wave energy farm off 
the northern coast of Spain. The project is a joint venture with the Spanish utility 
Iberdrola SA. The wave energy farm consists of 9 buoys with a capacity of 150 kW 
each and 1 buoy with a capacity of 40 kW.  

• Attenuators: Attenuators are floating structures that are orientated parallel to the 
direction of the incoming wave (rather than perpendicular as with a point absorber). 
The differences in the relative horizontal and vertical motions of the articulated parts 
of an attenuator are converted into electricity by an internal generator. A 
commercially available attenuator concept is produced by Pelamis Wave Power Ltd. 
The overall length of the structure is 150m. Capacity: up to 0.75 MW. 
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• Oscillating wave surge converters (Pitching/Surging/Heaving/Sway – PSHS): 
Oscillating wave surge converters are considered to be pitching/surging/heaving 
devices, which utilize the relative motion between a flap and a fixed reaction point. 
These devices are fixed to the bottom (or hang from a floating or shoreline 
structure) and swing like a gate in response to the surging movement of water in 
the waves. Capacity: up to 0.6 MW. 

• Oscillating water column (OWC): An oscillating water column device is a partially 
submerged structure that encloses a column of air above a column of water; a 
collector funnels waves into the structure below the waterline, causing the water 
column to rise and fall; this alternately pressurizes and depressurizes the air 
column, pushing or pulling it through a bidirectional air turbine. Oscillating water 
column devices can be installed on the shoreline or floating and moored to the 
bottom. Two OWC demonstration projects have been realise until now: In Islay, UK 
is a 0.5 MW unit [LIMPET 2002] was commissioned in year 2000 built by a 
consortium of Queen's University Belfast, Wavegen Ireland Ltd., Charles Brand Ltd, 
Kirk McClure Morton and I.S.T. Portugal. A similar, 0.4 MW plant was built in Pico, 
Portugal, [Wave Energy Centre 2010]. 

• Overtopping devices: Overtopping devices incorporate elements from traditional 
hydroelectric power plants (vertical axis turbine) in an offshore floating platform. A 
collector on the partially submerged structure funnels waves over the top of the 
structure into a reservoir and then the water runs back out to the sea from this 
reservoir through low-head hydropower turbines. The WaveDragon 11MW full scale 
prototype was deployed in Nissum Bredning, a fjord in the northern part of Denmark 
for tests between 2003 and 2008 [Wavedragon 2010])  

• Submerged pressure differential devices: Submerged pressure differential 
devices are typically located near the shore and attached to the seabed. Wave 
motions cause the water level to rise and fall above the device, which induces a 
pressure differential inside the device that can then pump fluid to drive a generator. 

Figure 7: Point Absorber ‘Power Buoy’ in Spain  

 

Source: Courtesy Ocean Power Technologies, Inc. 
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Figure 8: Attenuator by Pelamis Wave Power Ltd. 

 

Source: Courtesy Pelamis Wave Power Ltd. 

1.5.4. Ocean thermal energy conversion (OTEC) 
Ocean thermal energy conversion (OTEC) is not relevant for the EU because of missing 
potential (see ANNEX).  

1.6. Geothermal 
Geothermal energy is a renewable heat and power source which is independent from the 
solar radiation. Geothermal power utilises heat produced by Earth’s geological processes for 
heat or/and electricity generation.  

The following technologies are addressed: 

• Hot Dry Rock (HDR) 

• Organic Rankine Cycle (ORC) 

• Kalina Cycle 

1.6.1. General 

Forseen developments and research areas 

The technologies and know-how required for geothermal power generation are in different 
maturity status. There is sufficient experience available on drilling and re-cooling 
technologies developed for the mineral oil industry and thermal power plants. However, 
research areas are the surveying of geological structures to lower the exploration 
risks and to improve geothermal power plant technologies for low temperature 
resources. 

To move geothermal power generation from relatively low temperature (<220°C) 
geothermal sources from pilot plants to market introduction, a significant cost reduction 
of all technologies is necessary. Furthermore a development of applied simulations 
methods, low-temperature cycles and improved total system integration is necessary [TAB 
2003]. 
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1.6.2. Hot Dry Rock (HDR) 
Already in the end of the 19th century geothermal energy had been used for district 
heating. At the beginning of the 20th century electricity was produced from geothermal 
sources. However, these power systems have only utilised resources where naturally 
occurring water and rock porosity is sufficient to transfer heat to the surface (hydrothermal 
geothermal). But geothermal sources within drilling reach are largely in dry and 
non-porous rock. To exploit this potential a new type of geothermal power technologies 
that does not require natural convective hydrothermal resources has recently been 
developed. This technology is referred to as Enhanced Geothermal Systems (EGS). The 
EGS method "enhances" or creates geothermal resources (forms cracks) by hydraulic 
stimulation in non-porous hot dry rock (HDR). That means if the natural cracks and pores 
are not sufficient flow rates, the permeability can be enhanced by pumping high pressure 
water into the rock. This increases the volume and extent of the network of naturally 
present fractures enhancing the permeability of the rock, allowing the injected water to 
capture heat from the rock. The hot water can be pumped from the exploitation well and is 
converted into electricity or/and used for heating. After utilisation the cooled water is 
pumped back into the ground to heat up again in a closed cycle. 

The HDR technology is a baseload power source which produces power round-the-clock. 
This technology is technically feasible at every European location. The economical feasibility 
depends on the economic limits of drill depth [Antics, Sanner, 2007].  

Ideal locations for HDR are over deep granite covered by a thick (3–5 km) layer of 
insulating sediments which slow the heat loss. Lifetime of HDR: 20-30 years of use 
(until ca. 10°C temperature decrease in the rock due to heat exchange) after that, 
approximately 50-300 years are needed to recover the rock temperature. 

Table 6: Parameters of a pilot plant in Soultz-sous-Fortets 

Category Value 

Costs 80 million EUR (including ORC plant) 

Total drill length 20 km 

Volume of geological heat exchanger 2-3 km³ 

Surface of geological heat exchanger up to 3 km² 

Amount of transported water  35 l/s 

Heat yield 13 MW (th) 

Temperature of extracted water 175°C 

Temperature of injected water 70°C 

Gross power production  2.1 MW 

Auxiliary power demand 0.6 MW 

Net power production 1.5 MW 

Total amount of injected water 200,000 m³ 

Basement rock Granite 

Source: BINE 04/2009 
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Other HDR projects are located in Bad Urach in Germany (4,445 m, 170 °C, 1 MWe, 
meanwhile decommissioned) and in Basel in Switherland (Swiss Deep Heat Mining Project, 
2,700 m, 6 MWe, 17 MWth useable heat). After earthquakes the project in Basel was 
stopped in 2007. 

The costs of HDR depend strongly on exploration efforts and drilling depths which 
vary from site to site.  

1.6.3. Organic Rankine Cycle (ORC) 
In contrast to the geothermal power stations in regions with active volcanoes (e.g. Italy, 
Iceland) the available temperature in Germany and Austria is significantly lower (max. 
220°C). Conventional steam turbines using water vapour as working fluid are not suitable 
for such low temperatures. Therefore alternative processes (ORC, Kalina process) have 
been developed which are capable of generating electricity at relatively low 
temperature levels (~100°C).  

For the organic rankine cycle (ORC) hydrocarbons (e.g. pentane, i-butane) or a 
fluorocarbon (C5F12) are used as working fluid. The formerly used chlorofluorocarbons 
(CFCs) R11 and R12 which are responsible for the destruction of the ozone layer are not 
used any longer. 

The net efficiency of the geothermal power plant using ORC in Altheim in Austria is about 
4% (gross efficiency: 8%). The temperature level of the geothermal resource is 106°C. The 
net electricity output is 500 kWe (gross: 1,000 kWe). Besides electricity also thermal energy 
is generated (10 MW) which is used for district heating. 

Figure 9 shows a simplified scheme for a geothermal power station based on the organic 
rankine cycle (ORC). 

Figure 9: Geothermal power station based on ORC [GTN 2003] 
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Besides for geothermal power plants, ORC plants meanwhile are used for biomass fuelled 
combined heat and power (CHP) plants because the operation and maintenance efforts are 
lower than for conventional steam turbines. 

IP/A/ITRE/ST/2009-11 & 12 30                                                     PE 440.278



 Assessment of Potential and Promotion of New Generation of Renewable Technologies 

____________________________________________________________________________________________ 

 

Table 7 shows the technical and economic data for the above ground installations of 
geothermal power plants based on an ORC, including construction, piping, cooling tower, 
control unit, etc. and engineering.  

Electricity consumption for pumping which makes the major contribution to the difference 
between gross and electricity ouput, depends on friction losses and therefore on the depth 
of the geothermal resource. The data inTable 7 are based on a drilling depth of 2,980 m.  

Table 7: Technical and economic data for the aboveground installations of 
geothermal power stations based on ORC [GTN 2003] 

 Unit 115°C 120°C 

Capacity (gross) kWe 650 870 

Capacity (net) kWe 310 420 

million € 2.945 3.355 
Investment €/kWe (gross) 

€/kWe (net) 
4,530 
9,500 

3,860 
7,980 

Maintenance % of investment/yr 2 2 

Operating costs €/kWe 40 40 

Insurance % of investment/yr 0.75 0.75 

Labour €/yr 40,000 40,000 

Other €/yr 10,000 10,000 

1.6.4. Kalina Cycle 
For the Kalina process a mixture of ammonia (NH3) and water is used (85% H2O, 15% 
NH3). The efficiency can be increased by 10 to 60% compared with the ORC. The 
Kalina process is still under development. A first plant was installed in Husavik in Iceland 
and began trial operation in 2001, another Kalina plant was built in Steamboat Springs, 
Nevada, in the USA. Another plant with a net electricity generation capacity of 2.0 MW 
(3.36 MWe gross) was installed in Unterhaching nearby Munich in Germany. The plant has 
been in operation since 2007.  

The achievable efficiency depends on the temperature level. At a temperature of 100°C a 
net efficiency of about 7% can be achieved with ORC. At a temperature of 150°C a net 
efficiency of 10% can be reached. With the Kalina process a net efficiency of about 9% can 
be achieved at a temperature of 100°C and a net efficiency of 12% can be achieved at a 
temperature of 150°C. Already at a temperature of 115°C a net efficiency of 10% can be 
reached with the Kalina process [GTN 2003]. As a result the Kalina process achieves higher 
efficiencies than the ORC especially at low temperature levels. 

Figure 10 shows a simplified scheme for a geothermal power station based on the Kalina 
cycle. 
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Figure 10: Geothermal power station based on Kalina cycle [GTN 2003] 
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Table 8 shows the technical and economic data for the above ground installations of 
geothermal power plants based on the Kalina cycle including construction, piping, cooling 
tower, control unit, etc. and engineering.  

Table 8: Technical and economic data for the above ground installations of 
geothermal power stations based on the Kalina cycle [GTN 2003] 

 Unit 115°C 120°C 

Capacity (gross) kWe 970 1,130 

Capacity (net) kWe 530 680 

million € 4.210 4.495 
Investment €/kWe (gross) 

€/kWe (net) 
4,340 
7,940 

3,980 
6,610 

Maintenance % of investment/yr 2 2 

Operating costs €/kWe 40 40 

Insurance % of investment/yr 0.75 0.75 

Labour €/yr 40,000 40,000 

Other €/yr 10,000 10,000 

 

Again the electricity consumption for pumping which makes the major contribution to the 
difference between gross and electricity ouput depends on the friction losses and therefore 
on the depth of the geothermal resource. The data in Table 8 are based on a drilling depth 
of 2,980 m.  
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1.7. Conclusions from the state-of-the-art 

1.7.1. Electricity generation costs 
Figure 11 summarizes cost figures and related uncertainties provided in the previous 
chapters in the form of electricity generation costs. The data include today’s costs, which 
are partly based on early demonstration projects, which are higher than expected 
commercial values. For the timeframe 2020 to 2030, expected values with bandwidths are 
displayed. For Hot Dry Rock geothermal electricity, no cost estimates are published 
allowing to define an upper limit. Thus, uncertainty is indicated by a fading column. 

Figure 11: Renewable electricity costs 
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Source: LBST own compilation 

1.7.2. Technology ripeness 
As a conclusion from the above subchapters on the technological state-of-the-art, the 
overall technology ripeness of the various renewable energy technologies is summarised in 
Table 9. In Table 9 below and for the purpose of this study, ‘commercial’ is defined as 
technology readily available from technology suppliers’ order books – i.e. available to the 
market – however not necessarily already cost competitive. ‘PV/Thinfilm’ comprises a broad 
set of technologies. 
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Table 9: Mapping of technology ripeness  

 Research Develop-
ment 

Pilot Demo / 
Pre-

commercial 

Commercial 

Offshore wind   foundations turbines  
      
PV/Silicon    μSi aSi, multi-Si 
PV/Thinfilm     CdTe 
PV/Thin (3G) dye ink organic    
      
CSP   tower fresnel trough 
      
Ocean power      
Tidal power      
      
Biogas upgr.      
Bio/BtL      
Bio/Lign.EtOH      
      
Geo/Power      
Geo/Heat      
      

Legend: Degree of activity (relative within each category): dark blue = very high; blue = high; white = low 
Source: LBST own compilation 

1.7.3. Technical potentials 
Figure 12 shows the potential for renewable electricity in EU 27 compared to the electricity 
consumption in 2006.  

Figure 12: Technical potential for renewable electricity in the EU 
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In case of biomass three scenarios are shown. In Scenario “SRF” (short rotation forestry) it 
is assumed that short rotation forestry is used as energy crop, in scenario it is assumed 
that energy crops adequate for fermentation in biogas plants are used, and in scenario 
“plant oil” oil seeds are used as energy crop. Short rotation forestry and energy crops for 
biogas generation offer a higher potential than oil seeds.  

The potential for electricity from wind and solar power is far higher than the 
potential for renewable electricity from biomass.  
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2. Status quo in Energy Industry and Energy Markets and 
Barriers for Further Development and Deployment 

2.1. Status, markets and industry structures 
This subchapter analyses and describes the status of the selected technologies in the 
renewable energy markets. Against the background of basic technology strains, focus is put 
on novel generation technologies and trends in this field, including analyses of their market 
perspectives.  

2.1.1. General 
There are some basics on innovation and market developments that are important to keep 
in mind before looking at individual technologies and markets, respectively. 

The first basic is product life cycle thinking as e.g. conceptualised by [Levitt 1965], see 
Figure 13. 

 

Figure 13: The typical product life cycle according to Levitt (1965) 

 

The curve may hold true for individual energy technologies, i.e. thin-film PV consisting of 
tellurium compound at a certain point in time when resource availability becomes a critical 
issue despite recycling efforts. Truly sustainable technologies will decline to a saturation 
level below the maturity level (saturation). 

Another basic is the involvement of established market players. Whether it is established 
actors or new ones that brought certain technologies forward, once established actors 
finance technology deployment (here: project-based financing), this is a strong indicator 
that the market has entered the growth stage or is even beyond this (see Figure 13). 

Market deployment 

Figure 14 gives an indicative overview over the current state-of-market of the various 
renewable energy technologies. 
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Figure 14: Mapping of energy technologies in Europe – market potential versus 
market deployment (indicative scaling) 
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Source: LBST´s own compilation 

The term ‘market’ here does not consider cost competitiveness but assumes the respective 
technical potentials. A characteristic of the energy market is that even early and niche 
markets can be significant markets already in terms of scale, e.g. off-grid renewable 
electricity systems for Greak islands or remote places in Scandinavia or in the Scottish 
Highlands. 

Market potentials can be arbitrary between competing technologies or applications, notably 
with biomass energy for transport fuel or combined heat & power provision. Whether algae 
for bioenergy offers significantly better biomass potentials remains to be validated through 
pilot/demonstration plants.  

Both biomass and photovoltaic technology address very different markets. The overall 
technical potential is indicated for Europe. 

The current state of market deployment of the different technologies as depicted in Figure 
14 is based on the data for the European Union as stated in Table 10. 
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Table 10: State-of-markets of different energy technologies in Europe (LBST) 

Technology Market deployment share Market potential 

Offshore wind < 1% 2,900-3,200 TWhe/yr 

Photovoltaics < 1% 1,100-1,700 TWhe/yr (1) 

Concentrating solar power < 1% 1,450-2,240 TWhe/yr 

Bioenergy (heat, electricity, 
transport fuel) 

40-75% 1,100-2,000 TWh/yr (2) 

Ocean power ~0% 200 TWhe/yr (3) 

Geothermal power > 1% 460-520 TWhe/yr 
(1) In case of photovoltaics it is assumed that two third of the adequate roofs (thereof, one third is reserved to 

solarthermal collectors for heat generation) and additionally 0.1% of the total land area in EU 27 is occupied 
with photovoltaic panels, e.g. on noise barriers along motorways.  

(2) The lower value is based on the assumption that today’s biomass use for the generation of heat, electricity and 
1st generation biofuels is kept constant and the remaining technical biomass potential is used for the 
production of BTL and upgraded biogas. In 2007 about 665 TWh of heat (therof solid biomass: 642 TWh), 88 
TWh of electricity (solid biomass including solid waste: 64 TWh; biogas: 20 TWh; plant oil: 4 TWh) and 94 TWh 
of transportion fuel (1st generation ethanol: 22 TWh; oil seed based biofuels: 72 TWh) were generated in the 
EU 27 [Witt 2009]. In case of bioenergy it has been assumed that about 10% of the arable land in EU 27 is 
available for energy crops. The upper value is based on the assumption that all biomass is used for heat and 
electricity production whereas short rotation forestry and plants for biogas generation are used as energy 
crops.  

(3) Technical potentials according to [OEA 2010]: Ocean wave power: 142 TWh/yr; Tidal power: 36 TWh/yr; 
Osmotic power 28 TWh/yr 

Source: LBST own compilation 

Impact on Industry structure 

Renewable energies are inherently more decentralised than conventional fossil or nuclear 
energy given the fact, that renewable energy sources are much more dispersed. A 
noticeable example is solar energy. While the production of solar thermal and photovoltaic 
(PV) systems is done at industrial scale, the installation and the maintenance of such 
system is a domain of small and medium enterprises (down to the level of one person 
offering installation and maintenance services for such systems). 

With rooftop photovoltaic (PV) systems, the cost of electricity production is generally higher 
compared to e.g. wind power. This is in principle of no harm in so far as the comparative 
costs of electricity to households or small enterprises are much higher than the cost at the 
wholesale electricity market. It is assumed that PV in central Europe could be cost 
competitive with household electricity – so called ‘grid parity’7 – as early as by mid this 
decade. Currently, the average German household is paying some 20 ct/kWhe (including 
taxes) compared to the German feed-in tariff of some 31 ct/kWhe for rooftop PV systems 
that takes effect in July 2010. 

At latest when the ‘grid parity’ threshold is reached, economic benefits will, at an increasing 
pace, shift from conventional energy companies as we know them today to local solar 
system installation and maintenance service providers.  

Local economies would gain shares in the value chain of renewable energies. 
Whether the big players will then expand their energy production portfolio ‘downstream’, 
remains to be seen in future. 
                                          
7  The concept of ‘grid parity’ resembles the cost break-even between renewable power production and the cost 

of electricity from the grid mix. Due to the cost of power trading, transport and distribution along the value 
chain, different power markets exist, i.e. the cost of electricity to the consumer is subject to the voltage level 
and electricity volume demanded. 
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The use of renewable energies from European sources shifts money streams from today’s 
import of primary fossil fuels like crude-oil, natural gas and uranium to local beneficiaries. 
European farmers may especially benefit from this. With the agro-energy market 
developing, they can operate on a more diversified basis. 

2.1.2. Offshore Wind 
The development of wind energy is an authoritative example of the evolutionary nature of 
energy technology development8. The quest for a revolutionary ‘step-change’ increase of 
wind power turbine capacity failed on all lines, e.g. in the case of the German GROWIAN 
wind converter (1983 to 1987). The ‘lesson learnt’ from such drawbacks by major industrial 
stakeholders significantly damped enthusiasm and commitment to the further wind R&D 
with established players in the 1980ies. It was then new-comers like Enercon, Fuhrländer, 
Nordex, NEG Micon, Vestas, et al., that brought wind energy technology through the 
risky ‘death valley’ of economics through continuous R&D efforts, verified by and 
with feedback from pilots, demos and early/niche markets. In fact, the industry was 
predominantly shaped by small and medium enterprises (SMEs), both established – i.e. 
growing out from a lurking mechanic-engineering in the case of Vestas (today one of the 
top 3 suppliers in the field) – as well as start-up. 

Some 6 to 8 years ago established energy and technology players GE and Siemens entered 
the market by buying in young but established companies in the field. When entering the 
wind market as a ‘second mover’ these major players could draw from their 

• high capitalisation, 

• high degree of creditworthiness, 

• established worldwide customer base, 

• global supply, production, and service chain, 

• experience to stem large-scale turnkey projects, and 

• local presence in major world region, especially in the fast growing BRIC countries. 

According to [Ender 2009], the major suppliers of wind energy converters in 2008 were: 

1. Vestas (DK) 

2. GE Energy (US) 

3. Gamesa (ES) 

4. Enercon (DE) 

5. Suzlon (IN) 

6. Siemens (DK) 

Between 2003 and 2008, installed wind energy capacity worldwide grew at an 
average of 24.8% annually according to [BTM 2009]. The expected annual growth rate 
worldwide is an estimated 15.7%. 

The near future will show how technology developers like Enercon – that are currently 
‘going international’ – can hold their pole position vis-à-vis established industry players that 
are gaining ground in the market place. 

                                          
8  An indicator for this evolution is e.g. the development of rotor diameters. According to Ender (2009b), the 

predominating rotor diameter with wind converters deployed in 1985 was < 16m; 1990/30m; 1995/40m; 
2000/50m; since 2003/60-90m; near future > 100m. An analogous development can be observed for the 
development of tower (hub) heights. 
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A game-changer in this respect could be the development of novel wind converters and 
their deployment offshore. Larger company sizes are a natural fit to the typically very 
large-scale schemes of offshore ventures. 

While onshore wind energy is going slower on the learning curve (most evidently dealing 
with challenges of a seamless integration into the electrical grid), there is still significant 
technological development potential for offshore wind technology, including 
foundation, erection, reliability, serviceability, and grid integration issues. 

Today, the production of power from wind energy at good onshore sites costs about as 
much as the electricity from a newly built, high-efficiency coal power plant comprising the 
latest emission reduction technologies that is running on hard coal. Subject to the 
development of fossil fuels, wind power will successively become cost competitive with 
further fossil-based power generation means. This will be a tipping point, triggering another 
wave of technology developments in the field of grid integration technologies (like energy 
transport, storage, and distribution) as this fluctuating energy supply will have to be 
matched economically with the energy demand (including demand-side energy 
management options).  

2.1.3. Photovoltaics 
Photovoltaic is a heterogeneous market with a plethora of cell technologies on the one 
side facing a multitude of applications on the other side, such as 

• portable power (typically a few mW to a few W), e.g. for consumer electronics; 

• household (off-grid) PV systems (typically several W to several kW); 

• commercial and industrial (roof-top or building-integrated) PV systems (typically two 
to three-digit kW); 

• open space (brown and green field) PV system (typically one to two-digit MW). 

Despite the large market potentials with rooftop-mounted and building-integrated PV 
systems, the installation of PV systems in the open space has been a major driver in 
bringing down the cost of PV systems: (a) For the time being, it’s the most cost-effective 
way of producing power from photovoltaics for reasons of low transaction costs and higher 
inverter efficiencies; and (b) deploying large volumes at a time, the cost sank along the 
learning curve at an accelerate pace from which the whole PV market is benefiting. 

To date, more than 90% of PV modules are integrated into installations with grid-
connection. [EPIA 2008] see the share of off-grid applications to double by 2020 
only. The largest off-grid market is to be found in the ‘sun-belt’ of the southern 
hemisphere. There is a demand by some 2 billion people that yet have no regular access to 
electricity. However, this market is most challenging to address commercially. 

Analogous to the development of wind power, the technological progress of photovoltaics 
resembles a long history of incremental, evolutionary, and continuous improvements in 
terms of increasing the overall efficiency9, the lifetime and lowering the attributed costs. 

Historically, thin-film PV technologies had been predominantly used in portable 
applications. In 2007, only 12.6% of PV cells were thin film according to [EPIA 2008]. 

With the shortage of silicon (Si) as a feedstock for multi and mono-crystalline Si-cells in the 
second half of the last decade, thin-film gained significant market shares in former Si-
domains, especially with very large-scale PV systems.  

                                          
9  See e.g. the history of champion cell efficiencies for various PV technologies from [NREL 2009], p 3. 
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Today, the thin-film market is dominated by a single manufacturer, namely First 
Solar (USA), producing CdTe modules. No second company has yet been as successful in 
managing the complex process chain of large-scale, high-throughput, and cost-effective 
thin film production. In the long run – i.e. in the decades to come and far greater markets 
still to be developed – PV technologies that do not require rare earth elements such as 
tellurid (Te) will dominate though. [JRC-Ispra 2009] expects that in 2015 approx. 1/3 of all 
PV modules deployed are thin-film. 

Historically, Japan has been a major market for PV installations. According to [EPIA 2010], 
with the introduction of the feed-in tariff (FIT) in Germany (EEG:2000) and Spain (RD 
1578:2008), these two markets made up more than 2/3 of global PV installations in 2008 
alone (representing 89% of European demand). With the introduction of a support cap in 
Spain, the Spanish market however collapsed in 2009. In 2008, Europe represented 
81% of the global demand for PV modules. This situation will prevail in the near 
future. The USA, Japan and China are expected to catch up. 

China is to play a double role in the global PV market. Within a few years, it has become a 
major producer of silicon-based PV modules. China is also developing renewable energy 
initiatives, e.g. the "Golden Sunlight" programme in order to exploit their vast solar and 
wind energy potentials. China is thus set to become a major user of PV systems, too. 
However, according to [Hug 2010] China-based production is likely to outstrip domestic 
demand by far still for the near to mid-term future. China’s export orientation will thus 
prevail and so does the downward pressure on PV module prices. 

Major suppliers as of 2009 are listed in Table 11 

Table 11: Major photovoltaic cell producers according to [Hirshman 2009] 

Company 
 

Capacity end of 2009 
[MW/yr] 

Planned production 2009 
[MW/yr] 

Q-Cells (DE) 1,615 1,000 

First Solar (US) 1,127 1,000 

Suntech Power (CN) 1,000 800 

Sharp (JP) n.a. 600 

Yingli (CN) 600 550-600 

JA Solar (CN) 800-1,000 500 

Gintech (TW) 560 360-460 

SunPower (CN) 574 450 

Trina (CN) 350-550 350-450 

Motech (TW) 555 415 

Kyocera (JP) n.a. 400 

Sanyo (JP) n.a. 300 

CSI (CA) 570 300 

Schott Solar (DE) 355 295 

Solar World (DE) 450 290 

The PV market is a global market. As long as ‘grid parity’ is not achieved, the most dynamic 
markets so far have evolved where FIT have been introduced (and lost market dynamics 
when FIT engagement was reduced accordingly). 
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Crossing the so-called ‘grid parity’ will be a game changer in the energy market given the 
high market potential of PV technologies worldwide. Due to the higher comparative costs 
vis-à-vis the bulk power market, ‘grid parity’ for end-users is estimated to be achieved in 
the first half of this decade. 

‘Grid parity’ will by no means make power markets or the power grid void as only some 
20-40% (in the mid-term future maybe some 50%) of the electricity produced on the roof-
top can be consumed ad-hoc and on-site without installation of local power storage 
facilities. The resulting lower utilisation of electricity infrastructure components like 
electricity meters, grid connection as well as the need to increased load-levelling means 
may result in increasing specific electricity costs. This in turn will make further renewable 
energy technologies cost competitive and further increases the market potential to 
locations with less favourable conditions. 

At rising fossil fuel and biomass feedstock prices, residential solar power (like building 
efficiency) could be increasingly regarded as a means to increase the personal energy 
independency and energy supply security. Guaranteed PV system operational lifetimes of 
25+ years successively attracts home-owners and investors interested in long-term, low 
risk investments as could already be observed in the looming financial crisis. Solar systems 
also add value to the property. Like owning one’s own real estate, solar systems are a way 
of hedging financial risks for the time to come after retirement. All this being increasingly 
understood, innovative market players despite traditional electricity supply companies may 
identify and seek these new opportunities. 

Against this background, the short and mid-term PV market outlook worldwide as 
estimated by the European PV Industry Association – [EPIA 2010] – seems to be 
reasonable, not least in order to also fulfil renewable energy targets in Europe. 

Table 12: Global annual PV market outlook according to [EPIA 2010] 

Year 2008 2009* 2010* 2011* 2012* 2013* 

Moderate 
scenario [MW] 

4,620 6,000 7,540 9,610 12,250 

Policy-driven 
scenario [MW] 

5,559 

6,802 10,790 13,810 17,385 22,325 

*estimated 

2.1.4. Concentrating Solar Power 
This technology requires high shares of direct irradiation from sunlight. European markets 
for the installation of concentring solar power (CSP) are thus the EU Member States in 
the Mediterranean region. 

Notably, Turkey provides one of the largest CSP potentials on the northern Mediterranean 
region. Turkey is set to become a major market in the future, once technology ripeness has 
been proven with the CSP plants currently being erected and brought into operation in 
Spain. This is certainly also subject to fiscal incentives and regulatory conditions evolving in 
Turkey. Capacity building in Turkey could facilitate this process and raise confidence 
between the EU and Turkey at the same time. Technical cooperation in the wider context of 
a common EU foreign energy policy could furthermore increase EU’s security of energy 
supply through diversification of the energy resource basis. 
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Similar to some geothermal power generation processes, a good share of the CSP system is 
conventional, like the steam turbine power generation part. If thermal storage is included, 
a CSP system provides power dispatchability right into the nighttime. CSP is thus very well 
suited as a large-scale complement to flucutuating wind power and electricity from 
photovoltaics in Europe. 

While CSP has become a common place in discussions along with the presentation of the 
Desertec Initiative10, concentrating solar heat to cold systems are under development 
and pilot deployment in the Southern European Hemisphere. The market perspectives for 
solar cold for residential, commerce and industrial applications are vast. The need for cold 
in most applications coincides with the availability of sunlight. 

2.1.5. Bioenergy 

Biogas fermentation 

The biogas plant technology provider market is mature. The technology market is very 
much scattered and dominated by small and medium enterprises. One reason is the 
plethora of feedstocks used for biogas production. Furthermore, the technological entry 
level is very low. Hence, a multitude of suppliers have evolved throughout Europe and 
beyond. Germany has a stronghold in this technology domain for classical mechanical 
engineering skills and technologies dominate. Examples for biogas plant technology 
providers are, e.g. Schmack Biogas (DE), Envitec (DE), Farmatic (DE), MT-Energie (DE) 
etc. 

The biogas production from organic residues is a long established market. The 
mushrooming development of biogas plants during the last few years especially in Germany 
and Austria occurred thanks to the feed-in-tariffs in these EU Member States. 
Internationally, India and China traditionally have been using biogas for cooking from 
residential biogas plants running on organic residues. The Clean Development Mechanism 
(CDM) has been an international promoter to also introduce larger-scale biogas plants, e.g. 
with local industries, such as the palm oil industry in Indonesia, the pig breeding industry in 
Mexico, and of similar type. 

Different to the wind market, hardly one biogas plant is equal to another. There is hardly 
any production at industrial scale. Hand work dominates the production process. Thus there 
is little economy-of-scale which anyway has been largely exploited already. 

With the growing market of biogas production, supply of cheap feedstock becomes 
increasingly an issue of economic concern. While wind and solar power have generally low 
variable costs, biogas plant profits are very sensitive towards feedstock costs. Plant 
engineering and process automation are thus required that allow for the intake of a broad 
range of feedstocks as become available. 

Biogas upgrading 

With increasing availability of biogas in Europe the upgrading of biogas to natural gas 
became an increasingly interesting option to market the biogas instead of generating power 
and heat on-site or nearby the fermenter.  

Companies in the upgrading field are Carbotech (DE), Acrona (CH), Malmberg (SE). 
Malmberg is the dominating supplier of upgrading facilities in Sweden with a market share 
of 60-70% of all Swedish installations in 2008. 

                                          
10  http://www.desertec.org 
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Biomass-to-Liquid (BtL) 

BTL production plant market still is in its infancy. There are a few (parts of) demonstrations 
plants. General technical and financial viability still have to be proven. 

Contrary to wind and solar power, the economics of this process is sensitive towards 
feedstock costs. Furthermore, the availability of biomass feedstocks is much more 
limited, which adds to the economic risk of stranded investments. Especially in comparison 
to lignocellulosic feedstock use for heat and electricity generation (CHP, 75-85% conversion 
efficiency), the efficiency is about 2 times higher compared to BtL production (40% 
conversion efficiency).  

Companies active in the field are e.g. Choren (Freiberg/DE), and Rentech (US). 

Given the required R&D efforts still to be undertaken and scales of investment needed for 
commercially viable BtL production, rather big companies such as Shell are in a position to 
bring this technology to the market. 

Lignocelullosic Ethanol 

The lignocellulosic production plant market still is in its infancy. There are a few (parts of) 
demonstrations plants worldwide. General technical and financial viability still have to be 
proven. 

Contrary to wind and solar power, the economics of this process is highly sensitive 
towards feedstock costs, which adds to the economic risk of stranded investments. 
Especially in comparison to lignocellulosic feedstock use for heat and electricity generation 
(CHP, 75-85% conversion efficiency), the efficiency is about 2 times higher compared to 
lignocellulosic ethanol production (35% conversion efficiency).  

Companies active in the field are e.g. Iogen (CA) and Abengoa (ES). 

Given the required R&D efforts still to be undertaken and scales of investment needed for 
commercially viable lignocellulosic ethanol production, rather big companies such as 
Abengoa are in a position to bring this technology to the market. 

Algae-based bioenergy 

10 years after the US Aquatic Species Programm (ASP), which took place from 1978 to 
1998, today, a new wave of start-ups and followed by established energy companies are 
looking into the potential of (micro) algae-based bioenergy. Discussions gained momentum 
when the aviation sector entered advocating algal biofuels as a ‘drop-in’ replacement for 
kerosene11. This happened at a time, when actors realised that technology and economic 
progress with plant oils (e.g. palm oil and Jatropha) as well as biomass-to-liquids (BtL) did 
not materialise to the expected extent. In spite of the learnings already done in the ASP 
[NREL 1998], the hopes now put on algal-based biofuels (both FAME and HVO) are high.  

From the outcomes of the US Aquatic Species Program [NREL 1998] and in the light of 
lately raised concerns concerning algae economics and sustainability (e.g. [NRDC 2009]), 
the optimism put into algae has to be revised, i.e. lowered. Some technology proponents 
claim algal biomass yields that even violate the 1st thermodynamic rule [Steiner 2010]. 

                                          
11  The aviation sector is probably the transport sector most depending on liquid, fossil fuels and thus the sector 

most vulnerable to fossil fuels availability and environmental targets setting. There are very few options only 
to substitute kerosene in light of the physical fuel properties required (e.g. high energy density, tolerant to 
harsh operating environments, etc.). The use of battery-electricity for aircraft propulsion for mass transport 
will likely never be an option. In light of the limited biomass potentials, hydrogen as an aircraft transport fuel 
seems to be most promising, despite the required re-design of the airframe body and the ground-based fuel 
infrastructure. That is also why the major airframe manufacturers are still betting on biofuels.  
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General remark to bioenergy feedstock 

The availability of biomass feedstocks is limited by the availability of physical resources, 
notably surface area (be it fertile, set-aside, or ‘degraded’ land); water (rain, streams, 
underground); and nutrients (phosphorus, sulphur, etc.). These resources are naturally 
limited, have already come under stress in many parts of the world, or will foreseeably 
loose performance for reasons of soil over-exploitation (e.g. China, USA), climate change 
effects, or the saturation in ever increasing yield improvements. 

The overall bioenergy potential is great. However, bioenergy feedstocks: 

• have been traditionally used since humankind makes use of natural resources; 

• are under competition for use as food, feed, material, heating, power, transport 
fuel; 

• are only cheap as long as (i) waste streams are used, and (ii) demand is below the 
supply potential; 

• are already exploited to a large share in Europe (e.g. in the German state of Bavaria 
wood resources are valorised by some 100%). 

Bioenergy feedstocks in Europe do not match with today’s scales of energy consumption in 
either sector (electricity, heat, transport energy) in Europe. Nevertheless, bioenergy can 
play an important, complementary role in local energy concepts, e.g. as provider of 
dispatchable energy. 

The import of bioenergy should be treated carefully. Beside possibly positive local 
economic effects, it can cause detrimental environmental, social, and economic effects, e.g. 
through direct and indirect land-use change. The European Union Renewable Energy 
Directive voted in 2009 [EU-RED 2009] tries to address some of the sustainability issues. It 
has to be noted though, that especially the indirect land-use changes cannot be 
appropriately addressed on a project level. For further reading on the assessment of 
biofuels, see e.g. [UNEP 2009]. 

Where possible, biomass should be utilised based on cascading strategies. In the case of 
wood this could be wood for construction material as a first use. The wood waste then can 
be energetically valorised. 

2.1.6. Ocean Current, Wave and Tidal 
The ocean current, wave and tidal energy markets are in its infancy. There is a plethora of 
technological solutions to address the potentially big market (approx. the size of 
geothermal power production), however, demonstrations still have to prove the technical 
and financial viability. 

Companies active in the field are e.g. Sabella (FR), Pelamis (UK), Voith Hydro Wavegen 
(UK), Wave Dragon (DK). 

2.1.7. Geothermal 
Like with biogas, the industry base for geothermal power is pretty scattered. There are 
different actors for each step in the supply chain, i.e. for exploration, drilling, system 
(similar to the conventional oil and gas industry) and operation. 

As the major part of the geothermal power production process is of conventional nature, 
i.e. the steam turbine process (sufficiently high temperature level provided), the industry 
base is sufficiently broad. Examples are GE, Kawasaki, Siemens, etc. 
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In the case of insufficient steam temperature levels low temperature processes, such as the 
ORC and the Kalina process, are needed. The industrial supply base for ORC processes is 
fairly big. Examples for ORC process suppliers are e.g. Cryostar (FR), GMK (DE), Turboden 
(IT), Ormat (US), UTC (US), etc. 

Drilling makes up the largest share of overall upfront investments into geothermal power. 
There are thus high market development barriers due to the exploration risks and 
attributed financial losses. Initiatives from insurances, funds, and politics are discussing 
solutions to this stumbling stone. Financial vehicles need to be available to spread / hedge 
the immanent exploration risks. 

Systematic analyses of underground thermal potentials are underway in some 
countries/states as a preparatory step to market developing. 

2.2. R&D financing and investment needs 

2.2.1. Background on R&D financing and investment in the EU 
Though the present section focuses on research and innovation in the renewable energy 
sector, it may be useful to quickly take a step back to look at the bigger picture of R&D in 
Europe. Doing so will help detect some structural shortcomings that are not specific to the 
energy sector and that will require structural changes as opposed to sector-specific 
adjustments. 

On average, the European Union suffers from a comparatively low R&D investment 
compared to other developed nations, such as the US or Japan. It should be underlined 
however that the level of R&D investments within the EU varies substantially between 
sectors and Member States. But on the whole a trend seems to be emerging: it is mostly 
private R&D investment that is lagging behind as compared to what is going on in the 
US or in Japan. 

A detailed comparative analysis of the situation of R&D in Europe, its Member States, Japan 
and the US has been performed by [Uppenberg 2009]. The public, private and resulting 
total spending in R&D are presented on the chart below as a share of GDP (R&D intensity). 
Interesting to note is that except for Sweden and Finland, all other Member States have a 
weaker R&D expenditure than the US and Japan. The chart of Figure 15 below confirms 
that the differences are mostly the result of a much lower R&D intensity in the private 
sector with regards to what is being done in the US and in Japan.  

To improve the performance of the EU in R&D it is important to look at the root of the 
problem and the sectors concerned. Going into the details, it appears that the gap in 
private R&D concentrates mostly in two areas: the manufacturing of ICT and other non-
transportation machinery and equipment on the one hand and commercial services on the 
other. But in a number of other sectors, such as chemicals and pharmaceuticals, the EU has 
a similar level of R&D investments. What is more, R&D seems to be concentrated in very 
few Member States. 

As we are now at the deadline set by the Lisbon agenda (2010), R&D efforts in Europe over 
the last decade has admittedly not been up to the expectations. The objective that was set 
was to dedicate 3% of the European GDP to R&D. This target has just been reaffirmed by 
the EU 2020 economic strategy proposed by the Commission in March 2010 [European 
Commission 2010]. Member States should investigate if there are R&D disincentives in 
place which could and should be removed. This is important for the EU to make sure that 
structural barriers at Member States level do not prevent the accomplishment of EU R&D 
target.  

IP/A/ITRE/ST/2009-11 & 12 46                                                     PE 440.278



 Assessment of Potential and Promotion of New Generation of Renewable Technologies 

____________________________________________________________________________________________ 

 

Figure 15: R&D intensity of EU-15, Japan and the US (all sectors) 

 
Source: Chart by the author based on [Uppenberg 2009], Table 3, p. 16. 

2.2.2. Energy R&D financing and investment in the EU 
According to the Joint Research Centre’s Reference Report [JRC-IPTS 2009c], the total R&D 
budget (both public and private) for SET-Plan priority technologies (including nuclear) in 
2007 amounted to €3.32 billion, out of which 72% of this budget (€2.38 billion) is going to 
non-nuclear SET-Plan priority technologies.  

According to the same report, the total EU contribution to the non-nuclear SET-Plan priority 
technologies in 2007 (based on FP6 annual average R&D expenditure) amounted to 7% of 
the € 2.38 billion, thus representing approximately €166.6 million. 

In contrast, no detailed information is yet publicy available for FP7 funds allocated to the 
non-nuclear SET-Plan priority technologies, as the programme is still running. Nonetheless, 
a good indication of allocated EU funds to R&D for non nuclear energy is provided by the 
global planned budget for the entire framework period (2007-2013). Overall, the EU 
contribution to R&D for non nuclear energy through the FP7 is estimated in FP7 at € 2.35 
billion (approximately € 335 million per year), hence representing a substantial increase 
compared to FP6 [European Commission 2009a] [CORDIS 2010].  
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Figure 16: Private and Public R&D expenditure in the SET priority areas in the EU, 
2007 

 

Source: [JRC-IPTS 2009c] 

A more detailed breakdown at Member State level highlights a trend of concentration within 
a few Member States for both public and corporate spending. On the corporate side, 
Germany, France, UK, Denmark, Spain and Sweden alone attract around 95% of the total, 
leaving only 5% to the 21 other Member States. At the same time, we witness almost the 
same level of concentration for public R&D budgets: 99% of public spending occurs in only 
11 Member States: France, Germany, Italy, UK, Denmark, Spain, the Netherlands, 
Belgium, Sweden, Finland and Austria. Not surprisingly, the correlation that exists between 
the respective levels of public and private investments in several countries (France, 
Germany, UK, etc.) strongly suggests that the former tends to attract the latter [JRC-IPTS 
2009c]. 

Overall, it appears that R&D in non-nuclear SET-Plan priority technologies was primarily 
supported by the private sector, as shown on the following chart. The total corporate 
budget was estimated in 2007 at €1.6 billion. 
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Figure 17: Indicative R&D investment in non-nuclear SET-Plan priority 
technologies from industry (2007), the public national sector (2007) and EU funds 
through FP6 (2006) 

  

Source: [JRC-IPTS 2009c] 

Although that trend can be interpreted as encouraging, estimated R&D intensities in the 
clean energy sectors concerned range between 2.2 and 4.5% which is much lower than 
the recorded R&D intensities in booming sectors such as the IT or semiconductors in 
the last few years (typically ranging between 8 and 18%) [JRC-IPTS 2009c]. Clean energy 
is very often presented as the industry of the future but admittedly, there is a gap between 
the European ambitious targets in terms of deploying renewables and the actions of 
European companies in terms of R&D.  

Looking now at public side, IEA figures suggest that the European Union have seen its 
public investments in energy R&D fall dramatically between 1991 and 2005, which is in 
sharp contrast with the developments in Japan and the USA (Figure 18). 

Figure 18: Comparative evolution of energy R&D public expenditure in the EU-17, 
the US and Japan between 1991 and 2005  
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Source: [Evans 2009], based on IEA Sources 
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The reference report of the JRC also provides interesting and detailed information on the 
composition of this reduction. The chart below, taken from the report, suggests that this 
drop in public R&D budgets for energy was largely due to a steep decline in nuclear 
spending. At the same time, stagnation and even a fall in funding for other energy areas 
should be underlined. It has only been recently that modest (relative to what is at stake 
here) increases in funding for R&D in non-nuclear research areas were recorded. This is 
probably the “missing link” identified previously between ambitious targets and insufficient 
corporate R&D activities. Indeed, insufficient public spending on R&D fails to create an 
environment that is attractive enough for companies to invest in, which at least partly 
explains the disappointing R&D intensity of the private sector in those areas. 

Figure 19: Evolution of EU Member States public R&D research expenditure 
energy technologies (1985-2007, excluding EU funds) with a detailed breakdown 
for the year 2007 

Source: [JRC-IPTS 2009c] 

 

This trend is all the more worrying for the new generation of renewable energy 
technologies that are being studied in the present report and characterized by a lack of 
maturity, higher risks (political, regulatory, technological and market risks), longer lead 
times and high capital investment. It tends to discourage private investments, especially in 
R&D activities. Overcoming those barriers will require a sustained and high level of public 
support in order to lower the risk for companies and attract private money. In the next 
section, the R&D investment trends in each technological segment of interest in this report 
will be investigated. 
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2.2.3. Wind 

Overview of public and private R&D expenditure  

A breakdown of public and corporate R&D expenditure in wind energy is given below. 

Figure 20: Public and corporate R&D expenditure in wind technology  

 

Source: [JRC-IPTS 2009c] 

In 2007, the total R&D budget for wind in Europe is estimated by the JRC at €384 million, 
of which 76% was financed by the private sector, 21% by Members States and 3% by the 
EU through FP6. 

Public R&D spending 

Focusing now on public budgets (Member State and the EU), we get the following picture: 

Figure 21: Public R&D funding for wind energy by country  

 

Sources: Data on this chart are based on two distinct sources, the IEA report “Global Gaps in Clean Energy 
Research, Development, and Demonstration published in December 2009, and the IEA online RD&D Statistics 
database. Both reflect the most up-to-date information available for each country. 2009 data: Germany, UK, EU 
and the US. 2008 data: Denmark, Spain, Italy, Sweden and Korea. 2007 data: Finland and France. 2006 data: the 
Netherlands. Dollar/Euros exchange rate used for calculations: US$ 1 = EUR 0.73 
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With over €36 million, Germany is by far the World’s leader in term of R&D public support 
for wind energy, ahead of the US, UK and Denmark. The contribution of the European 
Commission through its 6th Framework Program was estimated at around €11.6 million. A 
group of countries including the Netherlands, Italy, Finland, Sweden and France are 
reported to have spent between €1 and €7 million. All other Member States covered by IEA 
statistics invested well below €1 million. 

Venture capital and corporate spending 

According to the Annual Review of the Cleantech Group, wind R&D saw an impressive 
increase in venture capital investments in Europe and Israël12 in 2008 with an 
estimated growth of 294%. Europe and Israel accounted for almost two third of global VC 
investment in wind, or $323 million. The largest part of these investments went to the 
development of turbines. The shift of venture capital in wind from wind park development 
to turbine development can be explained by the maturing know-how of wind park 
development. 

Of the technologies that are being looked at in the JRC reference report [JRC-IPTS 2009c], 
wind has the highest amount of corporate R&D expenditure, reaching €292 million in 2007, 
up by over 20% in comparison to 2006. This comes to a R&D intensity of the sector of 
0.6% to 3.7%. A large part of the investments comes from companies that are exclusively 
or largely active in wind energy, such as Vestas, Gamesa, RE Power, Nordex and Clipper 
Windpower. R&D investments in all these companies grew significantly in 2008 compared 
to 2007, especially in Clipper Windpower, RE Power and Vestas which show rates of growth 
of 113.7%, 63.5% and 87.4% respectively. 

Table 13: R&D investment pattern of the major wind companies  

Company Country 
R&D investment 

[million EUR] 
2008 

Change 
2008/2007 

R&D 
intensity 

2008 

Vestas Denmark 223.00 +87.4% 3.7% 

Gamesa Spain 32.06 +3.7% 0.8% 

RE Power Systems (now 
part of Suzlon Energy, 
India) 

Germany 21.88 +63.5% 1.8% 

Nordex Germany 20.87 +21.1% 1.8% 

Clipper Windpower UK 15.49 +113.7 2.9% 

Source: [JRC-IPTS 2009b] 

Needs in R&D funding 

In its Strategic Research Agenda published back in 2008, the European Wind Energy 
Technology Platform calls for significant R&D investments on wind technology in order to 
simultaneously comply with the objective set in Barcelona by the European Council in 2002 
to invest 3% of annual turnover into R&D activities on the one hand and with the 20% 
renewable energy target by 2020 on the other. In terms of budget this means investing an 
average of €430 million per year in wind energy R&D.  

                                          
12  Unfortunately the Annual Review of the Cleantech Group does not provide any detailed information for Europe 

but aggregate figures for Europe and Israel. 
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Two third of this should come from the private sector and one third from the public sector, 
representing an annual €143 million equally split between European Commission 
Programs and Member States national support (i.e. €72 million each). Trends in Member 
States and in the private sector are generally in line with those figures despite variations 
over time and discrepancies between countries and companies. The real shortcoming for 
R&D in wind clearly comes from the EU. The usual financing trend of the EU between 2006 
and 202013  will not be sufficient and the total financing gap during this period was 
estimated at €1 billion by the European Wind Energy Technology Platform, which means an 
investment shortfall of €450 million for the FP7 period.  

Figure 22: Gap between current and required R&D funding for wind 

 

2.2.4. Solar photovoltaics and Concentrated Solar Power 

Overview of public and private R&D expenditure 

The following chart gives a basic breakdown of solar R&D budgets by sources of funding. 

                                          
13  Unfortunately, in the following, the data available for other technologies will not allow to relate to the same 

timeframe. 

IP/A/ITRE/ST/2009-11 & 12 53                                                     PE 440.278



Policy Department A: Economic and Scientific Policy  

____________________________________________________________________________________________ 

 

Figure 23: Public and corporate R&D expenditure in solar technology  

 
Source: [JRC-IPTS 2009c] 

Public R&D spending 

Again, Germany has the lead in Europe with a total amount of funding roughly equivalent 
to that of Korea, followed by France, Italy and the UK. Together with the Netherlands, 
Belgium and Spain, these countries represent more than 85% of the total funding of EU 
Member States for Solar PV. Contributions from other Member States are relatively 
marginal. Unfortunately, US data provided by the IEA are only aggregate figures for all 
solar expenditures (including heating and cooling, PV and CSP) and do not allow any 
differentiation between solar PV and CSP. Consequently the US is not included on the 
ranking below. The total public R&D budget for all types of solar technologies in the US 
amounted $190.3 million in 2009 [IEA 2009]. This is very significant and it is very likely 
that the US would appear in the ranking if differentiated data were available. 
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Figure 24: Public R&D funding for solar PV by country  

 

Data on this chart are based exclusively on the IEA online RD&D Statistics database. They reflect the most up-to-
date information available for each country in those two sources. 2008 data: Germany, Italy, Spain, Sweden, 
Denmark and Korea. 2007 data: France, Belgium, Austria and Finland. 2006 data: Netherlands.  

The landscape offered by CSP-related R&D is different: with a doubling of public support 
between 2007 and 2008, Italy is largely leading the way ahead of Spain. Germany’s R&D 
budget comes in third while other national contributions are more negligible. 

Figure 25: Public R&D funding for CSP by country  

 

Source: Data on this chart are based exclusively on the IEA online RD&D Statistics database. All data are from 
2008.  
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Venture capital and corporate spending 

The Cleantech Group reported a strong increase of 64% of venture capital investment 
in 2008 in Europe and Israël [Cleantech Group 2008]. Half this amount went into thin-film. 
Concentrated solar received 18% of the investments, the rest went to crystalline and other 
technologies. In total, the sector accounted for $589 million in venture capital investments. 

Photovoltaics saw a corporate R&D expenditure of €221 million in 2007, again an increase 
of more than 20% compared to 2006. However, assessment of corporate R&D expenditure 
in PV can be inaccurate because a number of non-specialised companies such as Siemens 
and Shell entered the solar market, making it difficult to measure accurately how much 
these companies spend on PV-related R&D. The R&D intensity of the solar sector in Europe 
is estimated to be around 2.2% to 2.5%. 

Concentrated solar power has a more modest corporate R&D expenditure, amounting to 
€50 million. These expenditures are mainly based in Spain and Germany, followed by Italy 
and France. The noticeable German presence is mainly due to its industry being heavily 
involved in the development of CSP technology for deployment abroad, while research in 
Spain, Italy and France is more focused on local deployment. 

R&D indicators are provided for the main industrial players in Table 14 below based on 
[JRC-IPTS 2009b]. 

Table 14: R&D investment pattern of the major solar companies 

Company Country 
R&D investment 

(€ million) 
2008 

Change 
2008/2007 

R&D intensity 
2008 

SMA Solar Technology Germany 33.11 +78.6% 4.9% 

Q-Cells Germany 30.50 +77.3% 2.4% 

SolarWorld Germany 10.67 +49.9% 1.2% 

PV Crystalox Solar UK 6.25 +43.7% 2.2% 

Solon Germany 5.26 +34.5% 0.6% 

Source: [JRC-IPTS 2009b] 

R&D intensity in the solar sector ranges from a low 0.6% for Solon to a high 4.9% for SMA 
Solar Technology. Like for wind, we can see elevated rates of growth in R&D spending 
(between 34.5% and 78.6%). 

Needs in R&D funding 

Regarding photovoltaics and CSP, in its Implementation Plan for the Strategic Research 
Agenda last year the European Photovoltaics Technology Platform (EuPV-TP) estimated that 
the total R&D budget required for the period 2009-2013 is €6.6 billion in order to put the 
sector on track of achieving the ambitious goal set for 2020. 55% of this amount will have 
to come from the private sector and 45% from public support. The chart below shows that 
a significant increase of both public and private R&D funding is required: both should be 
roughly tripled up to respectively €594 million (against €201 million currently) and 
€726 million (against €269 million currently). 
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Figure 26: Gap between current and required R&D funding for solar 

 

90% of these €6.6 billion should be directed to enhance performance on the one hand 
(55%) and improve manufacturability on the other (35%). By estimating the relative 
market share of each technology segment in 2020, the report also provides a detailed 
overview of how those funds should be allocated: 

Table 15: Distribution of R&D budget by technology segments  

Cells and modules: 75% Others: 25% 

Crystalline 
silicon 

Thin-film 
Concentrated 
solar power 

Emerging and 
novel 
technologies 

Components 
and system 
design, grid 
integration, 

environmental 
assessment and 
standards 

30% 29% 10% 6% 25% 

Source: [EuPV-TP 2009] 

The following chart gives an overview of the needs of each technology segment on a 
timeline, short-term, mid-term and long-term, referring to the time lag between the 
moment the R&D investment is made and the moment the product becomes available on 
the marketplace. The right column of this chart represents the percentage given in Table 15 
above. Not surprisingly we see that the relative share of the new generation of solar 
technologies is set to increase as we move from short-term R&D to medium and long-term 
R&D. 
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Figure 27: Budget distributions for R&D with short, medium and long-term impact 
and overall across all timescales for exploitation  

 
Source: [EuPV-TP 2009] 

As reflected on the chart below, while short-term R&D finance will have to come principally 
from the industry, the role of public money should be to support mid-to long-term 
research projects that are not going to be immediately exploitable by the private 
sector in terms of commercialization. Though on aggregate the share of public support 
should amount 45% of total R&D investment as already mentioned, this share significantly 
increases for longer-term technological solutions. Another way of saying this is that public 
support is crucial for R&D on the new generation of solar technologies that are being 
studied in the present report. As a natural consequence, the significant shortfall in public 
R&D investment, if not addressed, will primarily impact those technologies and affect 
European competitiveness in the solar sector in the mid-to-long term. 
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Figure 28: Level and sources of R&D funding by timescale for exploitation  

 
Source: [EuPV-TP 2009] 

2.2.5. Bioenergy 

Overview of public and private R&D expenditures 

Detailed figures for bioenergy as given in the previous paragraphs are not available. The 
JRC reference report [JRC-IPTS 2009c] only provides elements for biofuel R&D and the total 
R&D budget of Member States for bioenergy. The FP6 budget for bioenergy was taken from 
the IEA report [IEA 2009]. 

Table 16: Public and corporate R&D expenditure in bioenergy  

 

Corporate 
R&D 

investment 
2007  

(€ million) 

Public EU 
spendings 

(FP6)  
(€ million) 

Public R&D 
spending of EU 

Members 
States (EU 19) 

in 2007  
(€ million) 

Total 2007 
(€ million) 

Biofuels (in 
million Euros) 

269 13 65 347 

Total 
bioenergy (in 
million Euros) 

Not available 14 245 Not available 

Source: [JRC-IPTS 2009c] [IEA 2009] 
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Public R&D spending 

Figure 29: Public R&D funding for bioenergy by country  

 

Source: IEA: Global Gaps in Clean Energy Research, Development and Demonstration published, 2009 and on-
line R&D Statistic data 
Data on this chart are based on two distinct sources: the IEA report “Global Gaps in Clean Energy Research, 
Development, and Demonstration published in December 2009 and the IEA online RD&D Statistics database. They 
reflect the most up-to-date information available for each country in those two sources. 2009 data: Germany and 
the US. 2008 data: UK, Denmark, Italy, Hungary, Brazil, Canada, Japan. 2007 data: Finland, France, Austria and 
Belgium. 2006 data: Netherlands. Dollar/Euros exchange rate used for calculations: US$ 1 = 0.73 € 

From a global perspective, the United States is the country that by far invests the most in 
bio-energy, followed by Brazil and Canada. Following is a group of countries composed by 
the Netherlands, Finland, France and Germany that provide significant public support for 
the sector, comparable in size with Canadian expenditures. Other Member States such as 
the UK, Denmark, Italy and Austria also show strong interest in this sector by investing 
between 10 and 20 million € of public money on a yearly basis. The European Commission 
through the 6th Framework Program provided around €14 million for R&D in bioenergy. 

Venture capital and corporate spending 

Bioenergy R&D in Europe and Israël received $128 million in venture capital. Here, figures 
are down because of the negative publicity of biofuels with regards to its effect on food 
prices and deforestation. As a result, two thirds of the venture capital in Europe and Israel 
for biofuels went to biomass. This is a different trend from the global shift in biofuels 
towards the second generation cellulosic ethanol and algae biofuels. 

Regarding the data available for corporate and public R&D budgets, it should be kept in 
mind that it refers to 2007 and therefore reflects the priority it had been given by EU 
policy. Since then it has been the object of controversy and corporate R&D expenditure 
might have followed the same direction of venture capital investments and suffered a 
significant drop during 2008 and 2009. Corporate R&D investments amounted to €269 
million, almost equalling wind power and surpassing both PV and CSP. It amounts to an 
increase of between 10% and 20% compared to 2006. The R&D intensity of the biofuels 
sector is somewhere around 3.6% to 4.5%.  
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Main R&D investment needs 

In the European Biofuels Technology Platform Strategic Research Agenda & Strategy 
Deployment Document it has been estimated that the financial effort necessary to 
implement R&D priorities for biofuels will range between €300 million and €600 million 
per year (from demonstration to semi-industrial plants). No specific break-down by priority 
or sources is provided but the focus should be put on the scaling up of demonstration 
installation to industrial-size plants. In this regard, public budgets should help the private 
sector to support the high risk associated with this kind of technology.  

In this regard, the deployment of large-scale demonstration projects may require 
innovative financial instruments that would reward the first-movers and higher risk-takers: 

“One possible instrument could be a special fund created to assist in financing the costs of 
the higher risk first-of-a-kind industrial projects. Such a fund would provide a low interest 
rate loan as well as a guarantee covering at least part of the financial risk. During a first 
deployment phase, a fiscal incentive would be simultaneously provided in order to 
compensate the difference between the actual production cost and a reference production 
cost. This fiscal incentive has to be provided for a sufficient transitional period to ensure 
that technology can compete on level terms in the market place. At present the size of the 
fund and level of fiscal support has still to be evaluated” [EBTP 2008]. 

2.2.6. Geothermal 

Public R&D spending 

No aggregate data of Member States budgets or corporate spending were available at the 
time of writing. By adding the EU budgets of all geothermal projects financed under FP6 it 
has been calculated that the total FP6 funding for geothermal energy was €17.3 
million.  

The IEA online database also provides detailed information for Member States that are also 
OECD countries. This information is summarized on the following chart. 

Figure 30: Public R&D funding for geothermal energy by country  

 

Source: Data on this chart are based on the IEA online RD&D Statistics database. They reflect the most up-to-
date information available for each country in those two sources. 2008 data: Germany, UK, Portugal, US, Korea. 
2007 data: France, Austria and Belgium.  

IP/A/ITRE/ST/2009-11 & 12 61                                                     PE 440.278



Policy Department A: Economic and Scientific Policy  

____________________________________________________________________________________________ 

 

From a global perspective the two leading countries for R&D in the geothermal are the US 
and Germany. France is the other Member State that provides quite a significant support 
but still fairly far away from the German level. Other Member States’ contributions are 
more marginal. Overall, the number of EU countries supporting R&D geothermal is very 
limited. 

Venture capital and corporate spending 

The development of a geothermal project is a long and capital-intensive process. As a 
result, they most often involve large energy companies as key partners. These companies 
are not characterized by a high R&D intensity. ENEL, worldwide leader in geothermal 
energy, has a capital intensity of just 0.1%. EDF, that is participant in the EGS project at 
Soultz-sous-Foret, has an R&D intensity of 0.6% and Vattenfall, that is operating a test 
facility in Germany, reaches 0.8%. Another key partner in geothermal projects is the 
developer of the turbines. Examples of these companies are Siemens and Alstom, with 
respective R&D intensities of 3.7% and 3.3%. Apart from these large companies, smaller 
and more specialized companies are involved, often performing the actual drilling and 
evaluation of the geothermal energy potential. Since these are smaller companies such as 
Daldrup&Söhne and GeoWatt, detailed information on R&D expenditure is not available for 
them. Nevertheless, taking into account that these companies are more at the forefront of 
technological innovation, they can be expected to invest relatively more in R&D, as shown 
by Turboden which reports to invest 8% of its revenue in R&D. Venture capital is only 
active on a very limited scale in geothermal energy and large deals on the European 
market are very uncommon. 

Main R&D investment needs 

The Research Agenda for Geothermal Energy published in January 2009 by the European 
Geothermal Energy Council [EGEC 2009] provides estimates of the needed R&D 
expenditure for the period 2008-2030. It amounts to an average of €31.5 million on a 
yearly basis broken down as follows: 

Table 17: Budget for each R&D segments for geothermal technologies  

R&D segments R&D budget 

Drilling technology 5 € million/year 

Exploration and identification of sites 4 € million/year 

In-situ measurement technologies 1 € million/year 

Monitoring of cracks 1 € million/year 

Demonstration project 15 € million/year 

Geothermal district heating 1.5 € million/year 

Shallow geothermal sector 2 € million/year 

Inter-seasonal energy management 
(energy storage) 

1 € million/year 

New and evolving technologies 1 € million/year 

Source: [EGEC 2009] 

On top of that, EGEC puts forward a specific initiative for Enhanced Geothermal Systems 
(EGS) under the SET-Plan.  
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The objective would be to replicate the pilot plant already up and running in Soultz-sous-
Forêt (France) in different environments in other Member States. Between 15 and 20 EGS 
plant would be installed representing a total capacity of around 200MWel, i.e. between 15 
and 25% of the target set for the whole sector by 2020. The development of those 
demonstration plants would include a very strong R&D component as occurring each time in 
a new geological environment. 

The estimated budget required for the installation of one such plant is €50 million, meaning 
that the total budget expenditure for the whole initiative would be between €750 million 
and €1 billion. The implementation of this ambitious program will require specific financial 
instruments (Public-Private Partnerships and grants) and co-financing from public 
institutions (European Union, International Financing Institutions, national and regional 
authorities, public funds), the private sector (investors, banks and the industry) and 
research institutes.  

2.2.7. Ocean, wave and tidal 

Public R&D spending 

No aggregate data of Member States budgets or corporate spending were available at the 
time of writing. By adding the EU budgets of all ocean energy projects financed under FP6 it 
has been calculated that the total FP6 funding for ocean energy was €17.4 million.  

The IEA online database also provides detailed information for Member States that are also 
OECD countries. This information is summarized on the following chart. 

Figure 31: Public R&D funding for ocean energy by country  

 

Source: Data on this chart are based on the IEA online RD&D Statistics database. They reflect the most up-to-
date information available for each country in those two sources. 2008 data: UK, Spain, Sweden, Denmark, 
Portugal, Korea, Canada, Norway. 2007 data: Ireland, France, Austria.  

Here the number of Member States investing in marine energy R&D today is very limited. 
United Kingdom is taking a very strong lead as indicated by the chart, with an overall public 
funding of over €11 million, nearly 4 times more than the second in this ranking which is 
Spain. Other European countries investing in marine energy according to these data are 
Sweden, Denmark, and to a lesser extent Ireland, France and Portugal.  
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Venture capital and corporate spending 

Marine energy is still in the pre-commercial phase and private capital available for 
companies active in marine energy is either coming from venture capital or from large 
companies investing in them. As a result, detailed information on private R&D expenditure 
is very limited. 

Some companies that are active in marine energy are owned by larger groups that give no 
detailed breakdown of R&D investments. Examples are Breakwave (owned by EDP), 
Aquabuoy (owned by Finavera Renewable), ALDA (owned by SEV) and Wave Star (owned 
by Danfoss). Nereida MOWC is owned by the Basque public energy group EVE.  

Other companies have been able to attract private capital or limited investments by larger 
companies. AWS Ocean Energy, which built the AWS-MKII, twice raised £2 million in 2006 
and 2010 to fund development of its technology and a demonstration project. Marine 
Current Turbines recently raised £4.8 million for a new generation of tidal turbines, after 
decommissioning the Seaflow project. The investors include Siemens, EDF and Triodos 
Bank. Pelamis Wave Power, developer of the furthest-advanced marine energy device, has 
raised some £40 million from investors such as Norsk Hydro Technology Ventures, 
Blackrock Investment Managers, 3i, Carbon Trust and Scottish Enterprise. It is also the 
only company for which an R&D intensity figure is known, namely 37.8%, meaning it is a 
very R&D intensive company. 

Main R&D investment needs 

No precise data of R&D investment needs are available within the literature at the time of 
writing. The European Ocean Energy Association (EU-OEA) is currently writing the 
European Roadmap for the sector and should come up with more detailed figure for R&D 
expenditure during the next years.  

It is nonetheless clear that a significant increase in R&D capital grants will be needed as 
indicated in one of the deliverable of the EU-supported WAVEPLAM project in order for the 
sector to be able to overcome initial capital barrier. 

2.3. Barriers 
Economic, regulatory and technical barriers that prevent further development and 
deployment are presented in the following. Even though there are technology-specific 
barriers, most barriers identified are rather of a cross-cutting nature and apply to one or 
more renewable energy technologies. The absence of renewable primary energies (like 
wind, sun or underground heat) is not considered a barrier as this is subject beyond human 
control. Recommended background readings to this chapter are [Beck 2004], [OPTRES 
2006], [RETD 2006], and [UNEP 2002]. 

2.3.1. Cross-cutting topics 

R&D financing 

In the current financial situation and the underlying business trends to invest in late-stage 
ventures with prospects of early and high returns, there is a gross lack of early-stage 
financing of spin-offs and SMEs. This is a barrier if not missed opportunities as these 
small organisations are the underlying drivers of technological innovation. 

Project financing 

Financing barriers are two-fold: 

IP/A/ITRE/ST/2009-11 & 12 64                                                     PE 440.278



 Assessment of Potential and Promotion of New Generation of Renewable Technologies 

____________________________________________________________________________________________ 

 

(a) Renewable energy projects’ access to capital – Renewable energies typically are more 
capital intensive than fossil or uranium-based power generation facilities. Despite the fact 
that running costs are very low in the case of wind and photovoltaics, access to adequate 
financing instruments is important. 

(b) Capital access to renewable energy projects is hampered in two ways:  

• Large-scale financing to foster small-scale projects, e.g. financing of residential 
photovoltaic systems. 

• Private investors will find it difficult to invest in large-scale projects, e.g. offshore 
wind energy farms. 

Acceptance and approval 

Acceptance issues are a further potential area of barriers. Stakeholders may oppose the 
further development of renewable energy installations. In the case of the general public 
(ref. “NIMBY – Not in My Backyard”) this is obvious. See the subsequent chapter on 
“Infrastructure and planning” for ways to engange local communities in renewable energy 
ventures, thus facilitating a feeling that the energy project is in fact an important “part of 
my backyard”. 

There are examples of acceptance issues by other stakeholders, such as the aviation sector 
(e.g. UK military [Jameson 2010]) or ecologists (e.g. US bat discussion [BWEC 2010]) with 
respect to wind power. 

Local authorities may oppose to renewable energy deployment for pure political reasons 
(ref. wind energy and the German states of Bavaria and Baden-Württemberg). 
Furthermore, site and operation approval can be a burden where there is a lack of 
responsibilities or the involvement of several authorities is required. To ease this, an 
approval framework with areas for preferred deployment is helpful. In case of several 
authorities to be dealt with, ‘one-stop-shop’ bureaus or days can facilitate the approval 
process and lower costs for all stakeholders. 

Infrastructure and planning 

Limited grid capacity and lack of adequate control over grid components and power 
generation assets pose a barrier to the deployment of renewable energies (RES). With 
higher RES shares in the grid, a lack of energy storage means pose a barrier to the further 
deployment of RES assets. 

Grid enforcement, extension and quality; establishing load levelling capabilities and 
procedures; and ensuring energy supply security has to be developed in line with the 
increasing share of renewable energies connected to the power grid. Failing on this would 
be a loss of the technological capital and would put at risk customer acceptance of 
renewable energies. However, succeeding on this resembles a major transformation of the 
electricity grid and stakeholder interactions as we know them today. Changes in 
infrastructure – and especially with energy infrastructure components having life-times of 
typically several decades – require a careful, upfront, and concerted planning among all 
stakeholders in order to avoid technical deadlocks and eventually sunken costs. One has to 
be aware of a well-balanced approach as there are trade-offs between the two development 
objectives  

• economic liberalisation of energy markets; and 

• market inefficiencies (or even deficiencies) resulting from a lack of a coherent and 
long-term planning. 
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With increasing shares of renewable electricity in the grid, the question of energy storage 
becomes increasingly imminent. If not tackling this issue upfront, expansion of renewable 
electricity may come to a halt midway, unnecessarily losing development dynamics. 

Large-scale infrastructure transformation, like building new high-voltage power lines, often 
face resistence from local communities. On option to overcome this barrier could be to 
develop financial vehicles for the local population to economically partake in the venture, 
i.e. through a fair share of revenues being directed to the communities, or providing 
structures for local individuals to invest therein. Both vehicles have proven successful with 
the deployment of onshore wind power projects in Germany. There, the project 
organisation (often set up as a cooperative) is registered with the local community. People 
from the local community and beyond have invested into the venture, e.g. through a stake 
in the cooperative or a project fund.  

Support instruments 

Depending on the stage of techno-economic development and framework conditions, 
support instruments can facilitate the uptake of renewable energies at best, may have no 
impacts at all, or can fall short and can thus be a waste of money at the worst. Though 
instruments like renewable energy certificates (RECs), emissions trading scheme (ETS) and 
renewable portfolio standards (RPS) at first may be cost-effective in the short-term for 
industry stakeholders, the mid to long-term prospects are better with e.g. the feed-in-tariff 
(FIT). Indications are among others: 

- RECs/ RPS/ ETS: tendency for ‘boom & bust’ engagement; bias towards near 
term solutions (least cost option of today); falling short in promoting important 
long-term technologies like photovoltaics that require sufficient lead-time and that 
would benefit from today’s lower energy costs. 

- FIT: strongest in terms of planning certainty for all stakeholders involved; 
especially suited for the deployment of renewable energies that gain in importance 
in the longer run only, but require long lead-times to walk through the ‘death-
valley’ of deployment cost. 

For more detailed discussions on support instruments, see chapter 3.1 Energy regulatory 
policy. 

Mind set  

Mind set is a barrier to the development and especially the deployment of renewable 
energies. With the development of energy policy frameworks, it is important to take into 
consideration that the conversion efficiency of photovoltaics and wind energy is much 
higher than with photosynthesis. This is a natural barrier that cannot be overcome and thus 
should guide all strategic considerations in future. Bioenergy is important, especially in the 
short-term and especially as a ‘drop-in’ technology. However, to date, it can be observed 
that bioenergy is much more likely to be grossly overestimated, while electricity-based 
renewable energies, such as wind and solar energies, are often grossly underestimated. 
This observation goes hand in hand with a preference of short-term considerations over 
long-term aspects and needs. 

2.3.2. Offshore Wind 
A key barrier to the deployment of offshore wind energy is the double infrastructure 
question: (a) connection to the cost lines and (b) further on to the ‘hinterland’. 
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(a) Technologies are available off-the-shelf for connecting wind farms with the coast. 
With a view to the integration of the European energy market and Member States’ supply 
security, wind farms of different national belongings should be interconnected, e.g. via 
offshore “supernodes” to form a “supergrid” as lately has been proposed and found support 
among political leaders in e.g. Germany, Denmark, and the UK. The barrier is that without 
political framing such planning, investment and deployment lifts-off at a very late stage 
only, if at all, resulting in overall lower technical and economic performance. 

(b) Grid connections to the onshore grids are a prerequisite but not sufficient without 
transport capacities in place and electricity demand in time. Similar to concentrating solar 
power, offshore wind energy has a geographical bias, in this case along the Northern, 
Western, and Mediterranean coastlines of the European continent. In order to have a 
significant amount of offshore wind energy in the EU grid mix, high-capacity 
interconnection lines are required to interlink centres of supply and demand in the 
‘hinterland’ of Europe. Furthermore, linking (northern) wind energy with (southern) 
concentrating solar power increases the grid stability and the general energy supply 
security. 

In the mature markets of Germany, Denmark, and Austria, onshore wind farms are 
typically financed by individuals, small groups or cooperatives. Commercially viable 
offshore wind farms have capacities of several hundred MW. The associated financial 
volumes are high and resemble an entry level and challenge for fundraising. Thus, 
established energy companies, institutional and private investors (funds) will enter into this 
market preferably. If smaller investors are to be brought in, financial vehicles are needed 
to support this. 

2.3.3. Photovoltaics 
When the so-called ‘grid parity’ is reached, the private customer market is set to lift-off. 
For this to come true for households and the energy industry alike, the availability of or 
access to sufficient capital resources is a prerequisite.  

Furthermore, procedures to ensure grid quality, grid maintainability, and guidelines 
for firemen need to be further developed with a view to having doubly-digit shares of PV in 
the local grid. System management will become much more complex for the grid operator. 
In the past, predominantly central power stations have served electricity consumers ‘top 
down’. Today, and even more further down into the future, PV and other renewable 
energies feed electricity into the grid at virtually all voltage levels.  

Although PV is most competitive in sunny, off-grid locations, less than 10% is actually 
going into these remote markets. [EPIA 2008] estimated this share to rise to some 20% by 
2020. These figures resemble an enormous and still untapped market of some 2 billion 
people worldwide that still do not have regular access to electricity. As these markets are 
predominantly situated in the ‘sun-belt’ of the southern hemisphere, activating them faces 
significant barriers (see [UNEP 2002] for country-specific case studies): geographic 
dispersion, physical accessibility, fiscal capabilities, lacking technical skills. Nevertheless, 
addressing this market would go hand in hand with development objectives like the 
Millennium Development Goals, hence and not least providing the prospects for local 
development that damp migration pressure including associated problems. For more 
discussions on policy instruments in the development field, see chapter 3.2.1 of this report 
where The role of renewables in development policy is discussed. 
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2.3.4. Concentrating Solar Power 
Similar to offshore wind energy, concentrating solar power (CSP) has a geographical bias, 
in this case in the southern parts of Europe and the Mediterranean regions. In order to 
have a significant amount of CSP in the EU grid mix, high-capacity interconnection 
lines are required. These would link the EU supply and demand centres. Furthermore, 
linking the (southern) CSP cluster with the (northern) wind energy cluster not only 
increases the grid stability but also the general energy supply security for Europe. 

While the South of Europe (including Turkey) already provides large potentials for 
concentrating solar power, it would be a miss of opportunities not to include neighbouring 
regions. CSP projects can serve as a mean for further co-operation, stabilisation and 
integration of the European Union with the so-called MENA (Middle East and North Africa) 
region. However, opportunities in third countries must become part of their vision for a 
mutual energy future. The barrier for technology co-operation is a lack of communication 
and exchange. The built up of such bonds need time, a framework, and not least a common 
objective. For example, the multi-stakeholder initiative “Desertec” has laid an industry-
driven foundation where politics could make use of the momentum developed therein. 

2.3.5. Bioenergy 
The major barrier with bioenergy is its limited availability, especially with respect to 
residue and waste feedstocks, which would come cheapest and which provide the most 
favourable sustainability performance of all biomass feedstock. It is important to recognise 
this barrier, which cannot be overcome as the biological photosynthesis process has a much 
lower efficiency than photovoltaics or wind. As an example, the biogas feed-in-tariff had to 
be raised in Germany to cover the rising feedstock costs and thus avoid moth-mulling of 
biogas plants. 

With biogas upgrading, there is a lack of regulation and incentives in Europe to feed-in 
biogas upgraded to natural gas quality. 

2.3.6. Ocean Current, Wave and Tidal 
Barriers with ocean energy are firstly technology barriers, i.e. the research, development 
and demonstration of suitable technologies.  

Subject to the proven technology, regulatory barriers may evolve, such as competition with 
other sea uses, e.g. as shipping routes. 

Ocean energy faces the same challenges like offshore wind energy with regard to the 
deployment of costal grid connections and energy transport to the ‘hinterland’. 

2.3.7. Geothermal 
Exploration and well development risks – especially with very deep drilling and hot-dry 
rock respectively – are a barrier to the deployment of geothermal power.  

Exploitation of geothermal resources is hampered by a lack of information available. If 
regions provide potential atlases as a result from measurement regimes, market actors are 
not required to repeatedly invest in such investigations. 

Public acceptance is at risk with further incidents like those in Bale/Switzerland 
(earthquakes linked to HDR development) and Staufen/Germany (damages to buildings in 
the aftermath of geothermal explorations). 
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2.4. R&D supporting tools and national best practices 

2.4.1. General 
In order to boost R&D investments, governments can use both direct and indirect 
instruments. Since they can offer different degrees of control and target different stages of 
R&D research, governments usually make use of both instruments. Depending on the 
goals, more emphasis can be put on one or the other set of instruments. 

For complementary reading on this subject, the reports made in the course of the EU 
project [OPTRES 2007] are recommended. 

2.4.2. Direct instruments 
Direct instruments often take the form of subsidies or grants by governments to 
institutes or projects. Their main benefit is the large degree of control governments retain 
through specific conditions required for receiving the subsidies. This makes it a good 
instrument if the development of particular technologies is deemed necessary. However, 
this can work against nascent technologies that may be very promising but are not yet on 
the government radar and as such may be overlooked when awarding funding. 

Because direct instruments are goal-oriented, there has been a shift towards the use of 
contracts to evaluate the performance of the funding that has been awarded. More and 
more, the idea is to use clear goals that should be attained and make the subsidies 
conditional on concrete proposals to attain those goals. This makes it possible to evaluate 
ex-post how successful the project has been and give indications of where the next round 
of funding is required. 

Direct instrument – Research Demonstration Fund (France) 

The Research Demonstration Fund of the ADEME (the French Agency for energy and the 
environment) in France provides an excellent example of direct R&D support by public 
authorities. The objective is to finance demonstration projects for emerging new energy 
technologies. The technology portfolio covered by the program includes the following: 
renewable energy sources (including second and third generation biofuels and marine 
energy), innovative energy-efficient transportation modes, carbon capture and storage, 
smart grids, etc. Those technologies are characterised by a high level of risk for developers 
as they all are at the demonstration phase in the innovation cycle. The time horizon for 
deployment is typically 2020-2030. This fund was created in 2008 with an initial allocation 
of €400 million for the period 2009-2012 managed by the Ministers of Sustainable 
Development (Ministère de l'Ecologie, de l'Energie, du Développement durable et de la 
Mer), Research and Higher education (Ministère de l'enseignement supérieur et de la 
recherché) and the Industry (Ministère de l’Industrie). It takes the form of calls for projects 
and retained applicants get a subsidy representing 40% of the project total cost. 
Cooperation between the industry and public research institutes is highly encouraged. 
Before publishing specific calls for projects, the ADEME is in charge of establishing 
roadmaps for each of the technologies identified by the program. The idea is to clearly 
define a common vision and identify the main barriers for development in order to, in a 
second phase, define tender specifications that specifically address those issues. While it is 
too early to draw conclusions on the long-term efficiency of the mechanism, it is at the 
moment clearly very successful at attracting a large number of high quality projects and 
foster cooperation between large groups, SME’s and public research institutes. As part of a 
national loan of €35 billion raised recently, €2.8 billion have been allocated additional to the 
fund for a period of 5 years.  
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Direct instrument - Feed-in-Tariff (Germany) 

The most comprehensive and effective instrument for deploying renewable technologies is 
the feed-in-tariff (FIT) as the case of the German “Erneuerbare-Energien-Gesetz (EEG)” 
shows. The EEG has served as a role model for dozens of renewable energy support 
schemes worldwide already. 

The FIT concept as realised in Germany includes the following elements: 

• Grid operators are obliged to provide grid connection of EEG power plants to the 
grid; 

• Mandatory uptake of renewable electricity by the grid operator. 

• Preference of EEG electricity over any other form of non-EEG power generation. 

• EEG plant operators receive remuneration for each kWhe fed into the grid for the 
period of 20 years. 

• Cost differences between EEG and electricity costs are covered by all electricity 
consumers. 

Historically, the EEG dates back to 1991, when its predecessor, the German 
“Stromeinspeisungsgesetz”, was enacted. The EEG with its basic structure as of today was 
enacted in 2000. Revisions followed in 2004, 2009.  

The EEG has provided a sufficient and stable economic framework for researchers and 
investors to gain confidence in a market to develop. For this, Germany has become the lead 
market worldwide for deploying onshore wind energy and photovoltaic systems. Only 
recently, we see other geographies developing similar momentum, such as Japan, China, 
Spain (though having collapsed again) and the USA. Given the success of the technology 
and market developments worldwide, the German EEG’s feed-in-tariffs for PV have been 
lowered with the EEG revision 2009, and will be additionally lowered still in 2010. 

The FIT instrument proved notably suited for all renewable energy technologies that are of 
long-term strategic importance, require long lead times, and still face a wide gap for break-
even. The FIT scheme as implemented and further developed in Germany allows for 
continuous fine-tuning of the tariffs and support conditions. Subject to exemptions, the FIT 
comes close to a source taxation, i.e. following the 'polluter pays principle' as every 
consumer of electricity is paying a fair share (in 2009 this amounted to ~2 ct/kWhe in 
Germany). 

Support of specific technologies is possible within the framework of a FIT scheme. In 
Germany with the EEG there exists e.g. a ‘technology bonus’, which is a premium 
applicable to highly innovative technologies, e.g. fuel cell technology. 

With the German EEG revision 2009 the FIT for biogas from energy crops had to be raised 
as feedstock costs (in this case mostly maise) have risen for a number of reasons. The 
lesson learnt is that preferably energy technologies should be support that have no 
feedstock costs, such as wind or solar. Bioenergy crops should only be limitedly supported, 
if at all, as arable land is limited in Europe, and increasingly under pressure internationally.  

Given the long track record with the FIT in Germany, the lessons learnt there should be 
valuable to other EU Member States. 

2.4.3. Indirect instruments 
Tax incentives are the most popular form of indirect instruments for R&D research 
support. All countries in the EU, together with most in the world including the USA, Japan, 
China, India and Brazil, have a tax incentive program for R&D.  
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Since there are many variations, almost all have a different regime depending on their 
priorities, national practice and other support mechanisms for R&D spending. Since they do 
not differentiate for what research is performed, they offer less control for the government 
as to what direction R&D research will go. 

Firstly, tax incentives can vary by the expenses that are included. The three main expenses 
are fixed assets (buildings and machinery), wages and current expenses. Tax incentives 
for current expenses are the most common in the EU and incentives for 
researcher wages the least.  

Secondly, they can vary according to the companies they target. While most tax incentive 
schemes include all companies, some put a cap on the amount that can be brought into 
the scheme, meaning they favour smaller companies. An example is France, putting the 
cap on €100 million. Other countries such as the UK simply favour SME’s by differentiating 
the rate between smaller and larger companies.  

Last, the distinction can be made between volume and incremental tax incentives. 
Volume means that all R&D expenses, within the limits as mentioned above, can be used. 
Incremental on the other hand, limits the expenses that are eligible for tax incentives to 
the increment over a number of years. This works in favour of new and small companies, 
increasing their R&D expenses from a very small basis. 

Given the many possibilities of fine-tuning the tax incentive instrument, it offers no surprise 
that almost all countries have a different scheme. Over the years, many countries have 
made adjustments to the instrument in order to optimize company R&D expenditure. 
Despite this variability, company R&D expenditure in those countries has stayed 
remarkable stable, putting the exact impact of the instrument in question. 

Indirect instrument - Crédit Impôt Recherche (France) 

A good example of a tax incentive for R&D expenditure is the system offered in France. The 
Crédit Impôt Recherche (CIR) offers companies a tax credit for R&D related expenses 
and is one of the most generous R&D tax incentives in Europe, especially since the changes 
made in 2008. 

Before 2008, it was a combination of a volume and incremental tax incentive. 10% of R&D 
expenses could be brought in for a flat tax credit. Additionally, 40% of R&D expenditures 
above the average of the last two years of R&D expenditure were also eligible for tax 
credits. Combined, each company could claim a maximum of €16 million of tax credit.  

This system was changed in 2008 to make it both more generous and easier to calculate. 
Especially the simplification of the calculation method was a recommendation after an 
evaluation by the French National Accounting office. The incremental part was scrapped in 
favour of a volume tax incentive of 30% of R&D expenses for the first €100 million and 5% 
for all R&D expenses beyond the €100 million, meaning there is also no longer a cap of €16 
million. To encourage start-ups and new entrants, companies that claim the R&D tax credit 
for the first time, receive it for 50% of the R&D expenses during the first year and 
40% during the second year. And in order to minimize administrative risk, an 
application has to be handled within three months or is otherwise deemed accepted. 

The new system has several benefits. New companies have no experience with the CIR and 
its administrative requirements and can thus be intimidated by it. The larger credit of 50% 
should present an additional incentive for new companies to make use of the CIR and 
familiarize themselves with it. Once the procedures are known, it may no longer require the 
higher incentive for them to keep using it.  
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The scrapping of the cap of €16 million is especially interesting for larger companies, 
allowing them to centralize R&D expenditure without losing part of the tax credit. The 
limited administrative time gives especially new applicants a swift answer whether or not 
their expenses are eligible for the CIR. 

The results of the change in the CIR have been mixed. Because the incremental element 
was scrapped, start-ups and new entrants experienced the change rather negatively overall 
despite the simplification and the 50% incentive during the first year. This is due because 
new companies see a large growth in R&D-expenditures during their first decade of 
existence. However, the number of registrations for the CIR doubled in 2009 compared to 
2008 and 53% of businesses increased their R&D thanks to the changes made to the CIR. 
It shows that simplification can be a large driver to attract new R&D investments. On the 
other hand, a mechanism that would have combined simplification while keeping the 
incremental component may have benefited new companies even more. 
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3. EU Policy Assessment 

3.1. Energy regulatory policy 
The principle objectives of EU energy policy are sustainability, security of supply and 
competitiveness. The energy and climate change package addresses the sustainability 
challenge, while the Second Strategic Energy Review aims to increase the security of 
Europe’s energy supplies. Both of these policy packages contain elements influencing the 
use of renewable energy sources in Europe. In addition, the 3rd legislative package – 
aimed at setting up a functioning internal market for electricity and gas – will impact 
renewables in several ways. This chapter describes the main elements of these three policy 
initiatives and assesses how they will impact the use of renewables in the European energy 
mix. 

3.1.1. The Energy and Climate Change Package 
Although there have been several prior EU policy initiatives, the heart of its current 
greenhouse gas emissions reduction strategy is the energy and climate change package,14 
which was formally adopted on 6 April 2009. This package intends to achieve the EU’s 
overall binding environmental targets, which were adopted by the European heads of state 
and government at their 8-9 March 2007 summit chaired by the German presidency 
[Council of the European Union 2007]. They had committed themselves by 2020 to 
unilaterally reduce greenhouse gas emissions by 20% compared to 1990 levels (up to 30% 
if other developed countries were to commit to comparable emissions reductions) and to 
increase the share of renewable energy in the EU’s total energy consumption to 20%. While 
these two targets are binding, they had also set themselves a non-binding energy efficiency 
goal of reducing primary energy consumption by 20% by 2020 compared to projections. 

The core elements of the energy and climate change package are the revised EU Emissions 
Trading System,15 in combination with the effort-sharing decision,16 and the directive for the 
promotion of renewable energy sources.17 The former strengthens the EU ETS with the aim 
to reduce GHG emissions by 2020 by 21% below 2005 levels in the covered sectors 
(representing some 40% of the EU’s total GHG emissions). Emissions reductions outside of 
the ETS sectors are covered by the so-called “effort sharing” decision which requires non-
ETS sectors (covering some 60% of EU GHG emissions) by 2020 to reduce their emissions 
by 10% compared to 2005 levels. Efforts will be shared among member states according to 
the principles of solidarity and equity, resulting in different (binding) targets for different 
countries. Taken together, both pieces of legislation will result in GHG emissions reductions 
of 14% compared with 2005, which is equivalent to a reduction of 20% compared with 
1990.  

                                          
14  The energy and climate change package contains six elements: The renewable energy directive, a directive 

improving and extending the EU ETS, an effort sharing decision covering GHG emissions outside of the EU ETS, 
a regulation on reduced CO2 emissions from cars, a revised fuel quality directive, and a directive setting up an 
EU-wide regulatory framework for CCS. 

15  Directive 2009/29/EC of the European Parliament and of the Council of 23 April 2009 amending Directive 
2003/87/EC so as to improve and extend the greenhouse gas emission allowance trading scheme of the 
Community. 

16  Decision No 406/2009/EC of the European Parliament and of the Council of 23 April 2009 on the effort of 
Member States to reduce their greenhouse gas emissions to meet the Community’s greenhouse gas emission 
reduction commitments up to 2020. 

17  Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the 
use of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 
2003/30/EC. 
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The renewable energy directive,18 on the other hand, sets a common EU framework for the 
promotion of renewable energy sources, with the aim to achieve by 2020 a 20% share of 
energy from renewable sources in the EU’s final consumption of energy (up from some 
8.5% in 2005) and a 10% share of energy from renewable sources in each member state’s 
transport energy consumption. The directive sets for each member state a national target 
for the overall share of renewable energy in gross final energy consumption, taking into 
account differences in starting points between member states as well as equity and 
solidarity considerations. The key to implementing and enforcing the renewables directive 
will be the National Renewable Energy Action Plans, which member states need to 
notify to the Commission by June 2010. Although the directive provides for flexibility and 
cooperation mechanisms (e.g., statistical transfers between member states, joint projects 
with third countries etc.), most national targets will be reached through domestic action 
[European Commission 2010a]. The directive also establishes common rules related to the 
access of renewables to the electricity grid and includes sustainability criteria for biofuels 
and bioliquids to ensure that they can be counted as renewable energy for the purpose of 
this directive. 

When the energy and climate change package was discussed, the proposal for a separate 
renewables target in addition to an emissions reduction target needed justification. After 
all, it could be argued that in the context of climate change policy, the implementation of 
the EU Emissions Trading Scheme (EU ETS) would eliminate the need for additional RES 
market stimulation schemes. In fact, it could be argued that with the EU ETS in operation, 
“the effectiveness of all other policies to reduce CO2 emissions of the participating sectors 
becomes zero” [Sijm 2005]. [Blankart et al. 2008] and [Sinn 2008] for example, focus on 
the German case and conclude that the German “Gesetz für den Vorrang Erneuerbarer 
Energien” (renewable energies law), which is the judicial basis for German feed-in-tariffs, 
did not in fact lead to an overall reduction of EU greenhouse gas emissions but rather to a 
reduction of the German standard of living through higher electricity prices. The logic 
behind this argument is that German feed-in-tariffs lead to a substitution of some fossil 
based electricity with more expensive renewables based electricity (RES-E), thus reducing 
the demand of the German power sector for CO2 emissions certificates. Under the EU ETS, 
excess emissions certificates would be sold at decreasing prices to other member states, 
which would increase CO2 emissions by the exact same amount by which Germany’s 
emissions decreased beforehand. Renewables support schemes were thus not able to 
reduce EU-wide CO2 emissions below the EU ETS cap, but rather led to a shift of emissions 
to other EU member states. In fact, by reducing the price of the certificates, the feed-in-
tariffs actually decreased incentives for other EU member states to invest in renewable 
energy sources. According to Blankart et al. and Sinn, carbon benefits thus solely depended 
on the level of the EU ETS cap and not on renewables support measures. Similarly, the 
global impact of the EU ETS was negligible, because it shifted emissions to other parts of 
the world in the absence of a global emissions trading system.19  

                                          
18  Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the 

use of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 
2003/30/EC. 

19  On this point, [Sinn 2008] argues that EU climate policy reduced EU demand for fossil fuels and thus their 
prices. Since global production of fossil fuels remained constant, the difference was consumed in other 
countries and increased CO2 emissions there. However, no credible empirical studies exist to corroborate this 
claim and it seems that carbon leakage effects tend to be overstated. Similarly, [Sinn 2008] fails to address 
first mover advantages, the ongoing demand for clean technologies from emerging economies and the need to 
build up expertise on these on a continuous basis. 
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The effect of national renewables support measures on the carbon price has been analysed, 
inter alia, by [Harrison et al. 2005]. They find that a green or white certificate scheme 
would reduce the CO2 allowance price and that it would increase the overall cost of meeting 
the CO2 cap. As to the effect on the allowance price, the [European Commission 2008] 
estimates that the 20% GHG reduction commitment of the EU would require a carbon price 
of €49 per tonne of CO2 in the absence of renewables policies. With the introduction of 
policies to achieve the 20% RES target and a related decrease in the demand for 
allowances, a carbon price of €39 per tonne of CO2 would achieve the same GHG reduction 
target. [Bloomberg New Energy Finance 2010] similarly concludes that the 2020 price of 
EU carbon allowances falls as the share of renewable electricity rises. However, in 
view of the economic downturn due to the financial crisis, their price projections are much 
lower than those by the [European Commission 2008] reaching €21 per tonne of CO2 at a 
33% share of renewables in power generation in 2020 (this share is in line with the overall 
EU 20% RES target). As to increasing overall costs of meeting the CO2 cap, they result 
from the fact that renewables support substitutes some relatively high cost abatement 
options (i.e., renewables) for some lower-cost CO2 abatement options that would have 
been chosen by EU ETS participants otherwise (e.g., fuel switching) [Harrison et al., 2005]. 
It is also worth noting, that the renewables support schemes reduce the volume of 
emissions reductions needed by the EU ETS sectors. In turn, changes in exogenous factors 
such as the business-cycle have a much greater impact on this volume requirement and, by 
implication, volatility of the carbon price increases. 

While it is true that the EU ETS can only unfold its full effectiveness as part of a global 
emissions trading system (thus avoiding “carbon leakage”), the view that additional 
renewables targets and support mechanisms may be useless or even harmful 
within the framework of an EU-wide emissions cap neglects some key systemic 
characteristics of the EU ETS as well as several other key benefits of renewable 
energy sources.  

First, a binding renewables target is expected to set the necessary investment 
framework to foster a sustained growth in demand for RES technology equipment. 
Many RES technologies are not yet commercially mature and will require government 
intervention to take off. A strong long-term policy commitment by the EU and its member 
states to stimulate the production and market uptake of renewable energy will stimulate 
European “green” technology providers to consolidate and strengthen their first-mover 
competitive advantage in the global market. Large-scale deployment of renewables will 
drive down costs of these technologies as learning rates are typically much higher than for 
non-renewable generating technologies. The [International Energy Agency 2008], for 
example, makes the case that renewables (except wind) experience significant capital cost 
reductions for each doubling of capacity, such as 15-20% for photovoltaics (PV) and 20% 
for solar water heaters. This justifies initial support policies for low-carbon technologies.  

Second, there are several inherent benefits associated with renewable energy 
sources. They not only reduce greenhouse gas emissions, but also “promise strategic 
improvements in the security of supply, reduce the long-term price volatility to which the 
EU is subjected as a price-taker for fossil fuels and could offer an enhanced competitive 
edge for the EU energy technology industry” [European Commission 2006]. Furthermore, 
renewable energy sources “facilitate improvement in the economic and social prospects of 
rural and isolated regions in industrialised countries and help meet basic energy needs in 
developing countries” [ibid.].  
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Third, expected effects of national RES policies have been taken into account by 
member states when the aggregate EU ETS cap was defined. Emissions budgets for 
Phase III of the EU ETS (starting from 2013) were established according to targets and 
expectations of future emissions. This includes a multitude of individual emissions reduction 
measures – also in sectors not covered by the EU ETS, such as agriculture and renewable 
energy sources.  

Unintentional effects on the price of EU carbon allowances are thus only possible if future 
renewable electricity production reduces GHG emissions by an amount larger than 
anticipated [see, e.g., Kemfert and Dieckmann 2009]. On the other hand, a more stringent 
EU ETS after 2013 may facilitate corporate investments into RES, and incentives should be 
created to do so (e.g. using revenues of auctioning). 

Fourth, even if the power sector achieves its indicative 33% RES target by 2020, the 
impact on the EU ETS will be moderate and there will still be a “significant need for 
abatement under the EU ETS” [Bloomberg New Energy Finance 2010] because emissions 
are expected to stay significantly above the EU ETS cap over the whole of Phase III 
(although they will be lower than without the renewable energy target). While the power 
sector’s emissions are expected to remain roughly constant, the bulk of the emissions 
increases will come from ”new” sectors and in particular from aviation (ibid.). 

Finally, the link between the EU ETS and the Kyoto Protocol’s Joint Implementation (JI) and 
Clean Development Mechanism (CDM) allows EU member states to meet part of their GHG 
emissions reductions in countries outside of the EU. Even in the absence of an international 
climate change deal, the revised EU ETS provides for the possibility to count cheaper 
emissions cuts from abroad towards domestic targets. However, if the additional 
renewables target leads to a lower carbon price, the incentive for using such flexibility 
mechanisms with third countries will decline, leading to higher domestic emissions 
reductions than without the RES target. 

In addition, it should be noted that the economic recession had a considerable impact on 
EU GHG emissions and that the current EU 20% reduction target may be substantially 
easier to reach than assumed before the crisis. [Amann et al. 2009], for example, show 
that by 2020 EU GHG emissions could be almost 14% lower than projected pre-
crisis (i.e., in 2008). Compared to 1990 emissions levels, this translates into a reduction of 
over 16%, which brings the EU relatively close to its target without further climate 
measures. Due to declining GHG emissions during the economic recession, the need to 
stabilize and increase investments in RES is even larger than before. From this perspective, 
the additional renewables target can be seen as an instrument to ensure real progress 
towards a low-carbon economy. 

There are thus several reasons for supporting renewable energy sources, and reducing GHG 
emissions is just one of them (albeit a very important one). The broad range of merits 
associated with renewables justifies measured, dedicated public support for RES 
penetration in the European energy mix. This conclusion in favour of an active green 
innovation policy is also stressed by [Aghion et al. 2009], who find that climate change 
policy needs to combine a carbon price with high initial clean-innovation R&D subsidies. 
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3.1.2. The Second Strategic Energy Review 
Another step towards a European energy policy is the Commission’s Second Strategic 
Energy Review (SSER), which was tabled on 13 November 2008.20 The main motivation 
behind the review was to outline an energy strategy aimed at securing energy supplies in 
the face of changes in European energy systems required to achieve the ’20 20 20 by 2020’ 
targets. As such, the new energy package should be regarded as complementary to the 
energy and climate change package adopted earlier on, while at the same time looking 
beyond 2020 to anticipate the challenges to European energy systems until 2050.  

Entitled ‘An EU Energy Security and Solidarity Action Plan’, the SSER focuses on five policy 
priorities, namely infrastructure, external energy relations, crisis response mechanisms, 
energy efficiency, and indigenous energy resources. The first (infrastructure) and the last 
of these priorities (indigenous energy resource) are of direct relevance for renewables. 

As to infrastructure, the European Commission came up with six priority actions aimed at 
diversifying supply, strengthening the internal markets for electricity and gas, boosting 
renewable energy sources, and generally at reducing exposure of the European energy 
system to supply risks. In terms of renewables, the European Commission intends to 
develop the Southern Mediterranean solar and wind energy potential, as well as offshore 
wind in the North Sea. These new energy sources require a significant upgrading of 
European electricity grids, with the aim to create a European supergrid in the long-term. 

Similarly, the Commission noted that without the ’20 20 20 targets’ indigenous energy 
production would decline from 46% in 2006 to some 36% by 2020. The achievement of 
the targets will halt the decline of domestic energy production by keeping it at some 44% 
by 2020. Domestic production will further be favoured by a strategy on financing low 
carbon technologies, including CCS (building on the Strategic Energy Technology Plan), by 
overcoming barriers to renewable energy in the EU, by encouraging cost-effective and 
sustainable exploitation of EU fossil fuel reserves and by updating the ‘Nuclear Illustrative 
Programme’ aimed at outlining possible developments in the nuclear sector.    

In the light of the 2009 gas crisis between Ukraine and Russia, as well as in the context of 
the economic recession, the SSER is closely linked to the European Economic Recovery 
Plan (EERP), which foresees a total of €4 billion to be spent on energy projects until the 
end of 2010. The EERP includes some €910 million for electricity interconnectors, which will 
also facilitate the connection and integration of renewable energy resources. An additional 
€565 million will be spent on off-shore wind projects. This amount will be divided between 
projects aimed at integrating off-shore wind energy into the grid (€315 million) and support 
for new turbines, structures and components, and the optimisation of manufacturing 
capacities (€250 million). Only large-scale projects are eligible and need to be approved 
and ready for implementation; they need to be innovative, capable of accelerating the 
development in response to a financial stimulus, have cross-border significance, and be in 
line with the SET-Plan for Europe. The programme contains a list of such projects in its 
annex, nine of which have been selected by the Commission on 9 December 2009. On 4 
March 2010, the European Commission selected further 43 major cross-border energy 
infrastructure projects, granting € 2.3 billion to 31 gas pipeline projects and 12 electricity 
interconnection projects. 

                                          
20  Communication from the Commission to the European Parliament, The Council, the European Economic and 

Social Committee and the Committee of the Regions "Second Strategic Energy Review, An EU energy security 
and solidarity action plan" 
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3.1.3. Third legislative package on EU electricity and gas markets 
The third internal energy market package has been designed to ensure that internal 
electricity and gas markets operate smoothly in the future. The motivation behind the third 
legislative package has been the observation by the European Commission in early 2007 
that almost 10 years after opening up European energy markets to competition, after two 
liberalisation packages (1998 and 2003) and after numerous related Council Conclusions 
(e.g. at the aforementioned spring 2007 Council), there remained considerable 
obstacles to a single and competitive European energy market. The Commission 
especially criticised that markets were not integrated sufficiently, that national markets 
remained concentrated and that national regulators did not have sufficient independence to 
carry out their duties. On 19 September 2007, the Commission thus tabled its third 
liberalisation package focussing on the separation of production and supply from 
transmission networks (‘unbundling’), better cross-border regulation, investment and trade, 
harmonisation of the powers of national regulators, greater market transparency on 
network operation and supply and increased solidarity among EU member states. The 
whole package was adopted by the Council on 24 June 2009. 

The 3rd package has implications on renewable energy sources on several levels. The new 
electricity Directive 2009/72/EC describes already in its preamble (6) that “A well-
functioning internal market in electricity should provide producers with the appropriate 
incentives for investing in new power generation, including in electricity from renewable 
energy sources”. The most significant effects concern the effective unbundling of 
Transmission System Operators (TSOs), the “smartening” of distribution networks and the 
new duties and tasks for the TSOs and regulatory authorities. 

Effective Unbundling 

The 3rd package requires effective unbundling of production and supply from transmission 
networks – either in the form of ownership unbundling, in the form of an Independent 
System Operator (ISO) or in the form of an Independent Transmission Operator (ITO). 
Proponents of unbundling claim that vertically integrated companies owning TSOs have 
little incentives to invest in networks due to the fact that congestion revenues outweigh 
possible profits from building interconnections. The provisions of the 3rd package address 
this situation, which has impeded the entry of companies providing energy from renewable 
sources. Effective unbundling should also contribute to price setting reflecting the real costs 
of efficient operation and to giving the right signals for the future investments needs, 
including in renewable energy [European Commission 2007]. Furthermore, the situation of 
underinvestment also posed an obstacle to the further integration of markets. Effective 
unbundling in connection with the new network development plans on the national and 
European level should enhance the development of cross-border interconnections.  

The 3rd package did not significantly change the unbundling rules concerning distribution 
system operators (DSOs) for the simple reason that the benefits from further unbundling at 
the distribution level are not much higher than costs. Also, the Commission notes that “due 
to the recent entry into force of the last liberalization date in a number of Member States, it 
would seem to be disproportionate to go a step further in forcing unbundling in this 
activity” [European Commission 2007]. However, there are several arguments in 
favour of further unbundling of DSOs. Regarding renewables, this is the case where 
vertically integrated DSOs try to make switching procedures (e.g., to suppliers with a 
higher share of renewables) more difficult and where they have a disincentive to make 
markets more transparent by introducing smart metering.  
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Similarly, very small generation sites directly connected to the distribution network (i.e., 
distributed generation) may be disadvantaged because investment needs on the 
distribution level are usually determined by costumers and not by suppliers, importers or 
generators as for transmission. Since most distributed generation is based on renewables, 
this will become increasingly significant in the future [ibid.]. 

The Commission concludes that “effective large scale integration of intermittent and other 
non dispatchable energy sources into the electricity system is a problem which will need to 
be tackled both at transmission and distribution level” [ibid.]. The integration of the main 
large scale renewable energy sources (wind, solar and tidal) often located far from the 
point of consumption, with CHP and small renewable energy sources normally located very 
close to the point of consumption will require (i) increased long-distance transmission 
capacity, (ii) more load flexibility by means of demand side management, and (iii) 
active distribution networks managed similar to the transmission network [ibid.]. 
The 3rd internal market package aims to facilitate the transition towards such a renewables 
proof electricity grid. 

Smart metering and electricity systems 

The 3rd package encourages the long-term modernisation of electricity grids and provides 
the environment for the implementation of smart grids across Europe in view of supporting 
decentralised and small-scale generation and energy efficiency. The introduction of 
intelligent metering systems may be subject to an economic assessment (i.e., a cost-
benefit analysis), which needs to be finalised by 3 September 2012. Where member states’ 
economic assessment is positive, at least 80% of consumers should be equipped with 
intelligent meters by 2020. The Commission has initiated a Task force for smart grids and 
this group should provide a preliminary vision on the functionalities, i.e. services and 
standards, the regulatory recommendations for data safety, handling and protection and 
the roles and responsibilities of actors involved by June 2010. 

Public service obligations and authorisation procedures 

The electricity and gas Directives state that the member states may impose public service 
obligations on undertakings operating in the electricity sector, concerning environmental 
protection and including energy efficiency, energy from renewable sources and climate 
protection (Art. 3(2)). Furthermore, the electricity Directive requires that concerning 
authorization procedures for new capacity the members states must take into consideration 
“the contribution of the generating capacity to meeting the overall Community target of at 
least a 20 % share of energy from renewable sources in the Community’s gross final 
consumption of energy in 2020” (Art. 7 (2) (j)). Concerning distribution, the members 
states have the possibility to require DSOs, “when dispatching generating installations, to 
give priority to generating installations using renewable energy sources or waste or 
producing combined heat and power” (Art 25 (4)). 

Many smaller producers of renewable energy have complained that a lack of 
transparency and blocked access to energy grids are preventing them from competing 
on the market. The above mentioned new provisions should contribute to resolving this 
problem.  

Regulatory authorities 

National Regulatory Authorities (NRAs) play a key role in facilitating the entry of 
renewables to the market. In the electricity Directive the general objectives of the 
regulatory authority include promoting the integration of large and small-scale 
production of electricity from renewable energy sources and distributed 
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generation in both transmission and distribution network and facilitating access to 
networks and removing barriers that could prevent access for new market entrants and of 
electricity from renewable energy sources (Art. 36(d) and (e)).  

According to the Regulation 713/2009/EC, the Agency for the Cooperation of Energy 
Regulators (ACER) monitors access to the network including access of electricity produced 
from renewable energy sources (Art. 11(1)). Once ACER is operational it will develop 
Framework Guidelines and Network Codes together with the European Networks of 
Transmission System Operators (ENTSOs, one for electricity and one for gas) that can be 
made binding through comitology. Network connection and third party access are examples 
of the issues that will be addressed with the abovementioned codes. This should help the 
connection of RES to the networks. 

Shortcomings and policy challenges 

Gas is well suited as a balancing power for some of the intermittent RES, at least for the 
time being. Recently the gas prices have dropped radically due to demand destruction in 
the industrial sector and electricity generation. If the 3rd package provisions boost 
competition, increase the efficiency of the sector and encourage new entry into the market, 
this will improve the competitive position of gas as a fuel input to the electricity sector and 
can potentially discourage renewable electricity generation. However according to the 
Commission this impact “is expected to be very small” [SEC 2007 1179]. Also, gas is an 
important source to produce hydrogen - at least in the transition until RES can deliver. In 
this sense, lower gas prices could even contribute to reducting GHG emissions. 

For electricity generators using renewable energy sources, long-term strategies from 
governments are of utter importance to provide certainty investments in renewable 
projects. Similarly, permitting processes and procedures need to be as short and 
streamlined as possible. As regards DSOs, they have a dual key role. First, they need to 
assist the deployment of decentralized RES-power plants and their integration into the 
distribution grid. This requires the extension of ‘smart grids’. Second, the DSOs are 
facilitating the emergence of ‘smart’ electricity retail markets by introducing smart grids 
and smart metering systems. However, industry organizations like Eurelectric have called 
for a change in the current financing model that the NRAs apply on the DSO activity. 
The model of simply driving down costs does not leave room for the capital expenditure 
needed to adapt the network to the new requirements. According to a Eurelectric study, a 
majority of the studied DSOs had a lower return on invested capital than their weighted 
average cost of capital, meaning the DSOs destroy rather than create economic value [see 
also Eurelectric 2010]. Such a situation does not provide for investments in RES 
connection. Furthermore, it should be carefully studied how the costs of the extra 
distribution and transmission capacity required by renewable generation activities should be 
divided among the RE generators and the existing system users.  

The European Wind Energy Association (EWEA) is convinced that an upgraded and 
integrated grid will greatly benefit wind energy. However, at the same time the regulatory 
frameworks for interconnectors and offshore transmission vary greatly from country to 
country. There is a lack of legal certainty and the risk of stranded investments hinders 
the development of an offshore grid. EWEA thus calls for harmonization of electricity 
market and electricity transmission rules across Europe. Concerning harmonization, the 
above mentioned network codes introduced in the 3rd package should improve the 
situation when successfully made binding. However, it should be noted that the comitology 
procedure gives the member states full discretion to influence the contents of the codes 
and the final outcome may thus differ from the common position reached by the regulators 
and TSOs. 
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The regulators agree that upgraded and smarter electricity grids and energy efficiency 
measures are keys to fighting climate change and aim to ensure value-for-money 
investments in grids so that the RES capacity can be connected. According to the Council of 
European Energy Regulators (CEER), priorities will be the development of modern smart 
networks, the integration of new and best available technologies and energy efficient 
measures” [EER 2010]. 

In general, sufficient infrastructure and interconnections are a key issue in deploying 
renewable energy sources. The 3rd package obliges the NRAs and TSOs to cooperate on a 
regional basis and to make both national and EU-level plans such as the non-binding ten-
year network development plan. This planning should contribute to a more structured 
approach to integrating RES on the European and regional level.  

The 'Europe 2020 strategy for smart, sustainable and inclusive growth' was published in the 
beginning of March 2010 and should provide guidelines for the future work of the 
Commission. In the strategy the Barroso College makes a commitment of presenting an 
initiative to “upgrade Europe's networks, towards a European supergrid, "smart grids" and 
interconnections in particular of renewable energy sources to the grid” [European 
Commission 2010b].  

Implications of the Treaty of Lisbon 

It should be underlined that there is no extensive European funding mechanism yet 
and that in the debate for the new budgetary perspectives more money should be allocated 
to clean energy, now that there is a clear supranational competence on this field with the 
Treaty of Lisbon. 

The Treaty of Lisbon entered into force on 1 December 2009 and creates the legal basis for 
European energy policy as regards internal market and environmental matters. The Treaty 
elevates energy into an area of shared competence between the Union and the member 
states (Article 4 TFEU). A separate chapter on energy (Article 194 TFEU) mandates overall 
EU energy policy to focus on the establishment and functioning of the internal market and 
on preserving and improving the environment. Within this context, EU energy policy should 
aim at four explicitly mentioned goals: functioning of the energy market, security of energy 
supplies, energy efficiency and RES, and interconnection of energy networks. 

The Treaty of Lisbon greatly extends the application of the ordinary legislative procedure, 
thus enhancing the European Parliament’s powers of decision. This constitues an efficiency 
gain in terms of transaction costs.  

There will, however, be two notable exceptions to these new provisions. First, the Treaty of 
Lisbon leaves to member states the right to determine the conditions for exploiting its 
energy resources, as well as the critical choice between different energy sources and the 
general structure of their energy supplies. Second, fiscal measures (e.g. energy taxes) will 
continue to be subject to unanimity. These two provisions can be regarded as safeguards 
for national sovereignty in the field of energy. Nevertheless, it should be noted that 
member states’ competences with regard to their national energy mix is tempered by both 
international and European binding engagements. 

Harmonising renewables support schemes 

While gaining significant experience in the EU with renewables support schemes, competing 
national schemes were healthy at least during a transition period. Competition among 
schemes has given the EU greater variety of solutions from which to choose. As long as 
volumes remained relatively low, cross-border externalities remained limited.  
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However, such competition finds its constraints where national schemes erect barriers to 
trade or distort competition. Nevertheless, the cross-border effects of large quantities of 
wind-based electricity generation suggest that the cross-border consequences of national 
renewables policies have to be properly taken into account. 

Policy coordination or even harmonisation will be beneficial for reasons of productivity, cost 
effectiveness, cross-border externalities (e.g. impact on the grid and the security of supply 
for neighbouring countries and more generally, potential effects on the functioning of the 
internal energy market) or economies of scale, should a tradable certificate scheme be 
chosen (i.e. leading to larger, more liquid and efficient markets). 

In the short-term, it can therefore be argued that the potential cross-border effects need to 
be balanced with the reality that support schemes are emerging through a bottom-up 
approach, i.e. member states are experimenting with how to make such schemes best fit 
into national circumstances. There is, however, a medium- and long-term need for 
corrdination and possibly harmonisation of the entire sphere of electricity from renewable 
energy sources. To differentiate this sphere, national support-scheme frameworks can be 
separated into three distinct parts: i) level of support, ii) support-scheme models and iii) 
the legal framework including regulatory issues. 

The level of support has a direct impact on decisions related to project development by 
providing locational signals. With sufficient interconnections and infrastructure in place, it 
will be time for EU member states to reconsider their national approach to renewables 
support schemes. In a well-functioning internal European electricity market, support 
schemes should incentivise investments in the most cost effective locations (e.g. 
Mediterranean for solar power and coastal northern Europe for wind power). Currently, 
however, investments in renewable energy sources aim for maximum subsidies, which lead 
to a sub-optimal allocation of investments into less productive and more costly regions. 
Hence, different levels of support schemes may distort investment decisions and provide 
incentives for gaming. Gaming generally undermines the efficiency of markets and risks 
creating development imbalances across borders. Moreover, it may lead to inefficient 
investment decisions, whereby a location is chosen on the merit of the support scheme 
rather than its resource endowment. The level of support would also include benefits that 
accrue from the fact that renewables will not have to pay for the full costs in all cases.  
Harmonisation of the level of support would reduce incentives for gaming. 

Another area is harmonisation or coordination of the different models of support schemes. 
In order to avoid a negative impact on the internal energy market or the internal market as 
such, at some stage there will be a need to agree on a common support scheme at least for 
the same technologies. There may be no need to have a uniform system across the EU for 
all technologies. But the same technologies should fall under a support mechanism to be 
agreed upon by all member states. 

The third level of harmonisation of support schemes is the creation of an EU-wide 
regulatory framework for support. While many aspects will remain the responsibility of the 
member states, such as permitting and more generally the administration, the 
implementation of renewables support policy will need to be undertaken within a common 
EU framework. Different elements of this framework can be developed within different 
timeframes. 

Progress towards an increasing coordination of support schemes has been made with the 
inclusion of the possibility to create joint support schemes as one of the four flexible 
mechanisms defined in the Renewables Directive. Jansen et al. (2010), for example, argue 
that if well designed, such joint support schemes may well prove to be the most cost-
effective of the flexible mechanisms.  
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They also show that entry of the Netherlands to the joint support scheme by Sweden and 
Norway (which is currently being designed and planned to be operational by early 2012) 
could result in welfare benefits for all participating countries “amounting to several 
hundreds of millions of euros per year” [ibid.]. This gives an indication of the potential 
benefits of EU-wide harmonisation of the currently fragmented national support schemes.  

3.1.4. Impact of EU regulatory policy on the share of renewables in the EU 
energy mix 

To conclude this section on EU regulatory policy, it may be useful to assess how regulatory 
policy influences the share of renewables in the EU energy mix. Past experiece shows that 
target-setting alone may not be sufficient to support the penetration of renewables. The 
former 2010 indicative EU renewables target serves as a good example to proove this 
point. It refers to the 2001 renewables Directive21 which set for the EU an overall target of 
sourcing 12% of its gross inland energy consumption from renewables by 2010. The 
directive also aimed at increasing the share of electricity from renewable energy sources to 
21% by 2010. Both the overall 12% target, as well as the 21% electricity target were 
indicative, i.e. non-binding. As a result, the EU was not on track of meeting them in the 
year 2007 (the last year for which data is available). By 2007, only 7.8% of gross inland 
consumption was based on renewables, while the share of electricity from renewable 
sources was 15.6% [European Commission 2010]. Although these targets became obsolete 
with the adoption of the new renewables Directive in 2009, the [European Commission 
2009] notes that it is unlikely that they would have been met. The main reasons for this 
failure were the indicative nature of the national targets and the uncertain investment 
environment provided by the existing legal framework (e.g. in terms of ineffective and 
changing renewables support schemes). 

As to the new binding 20% RES target to be achieved by 2020, the situation looks more 
optimistic. According to member states’ forecast documents [summarised by European 
Commission 2010], the EU as a whole can expect to exceed its 20% target by 0.3% by 
2020. While five member states expect not to reach their national targets, their deficit is 
overcompensated by ten member states, which expect a surplus in comparison with their 
national targets. However, the documents also note that the achievement of the target is 
dependent on investments in new infrastructure such as interconnectors and the capacity of 
the grid. As such, more emphasis needs to be put on the latter, and the speedy 
adoption/implementation of the Second Strategic Energy Review and the 3rd internal 
market package are of utter importance in this respect. At the same time, it should be 
noted that it is too early to judge more concrete effects of the policies described in this 
chapter on renewable energy sources in the EU due to the fact that they were only recently 
adopted (with the exception of the Second Strategic Energy Review, which remains to be 
adopted). 

3.2. Other policy areas 

3.2.1. The role of renewables in development policy 
Energy and energy infrastructure play a crucial role in economic development and can help 
to explain why some countries have undergone successful industrialisation and others have 
not [see, e.g. UNIDO 2010].  

                                          

21 Directive 2001/77/EC of the European Parliament and of the Council of 27 September 2001 on the promotion 
of electricity produced from renewable energy sources in the internal electricity market 
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Yet, some 3 billion people around the world continue to rely primarily on traditional 
biomass fuels such as wood, dung and crop residue for cooking and heating and 1.5 billion 
people do not have access to electricity at all. Most of these people live in rural areas of 
South Asia (e.g. India and China) and sub-Saharan Africa [UNDP/WHO 2009].  

Modern renewable energy sources are an important component in the fight against energy 
poverty. The potentials for these RES are manifold in developing countries, e.g. in terms of 
sunshine, wind, water and biomass. However, limited technical and financial resources 
obstruct the large-scale introduction of RES in many parts of the world. 

Global investment in renewable energy generation reached some €78 billion22 ($117 billion) 
in 2008, of which some €25 billion ($37 billion) were made in developing countries 
[UNEP/New Energy Finance 2009]. More than 80% of these investments were made in only 
three developing countries, namely in China (43%), Brazil (30%) and India (10%). Most 
Chinese investment was in new wind projects, with some additional investments in biomass 
plants. In 2008, China was the world’s largest PV manufacturing base, with 95% of 
production destined for export markets. In Brazil, ethanol played a dominant role 
representing some 70% of new renewables investments. In India, most new renewables 
investments were made in the wind sector [ibid.]. 

The EU’s framework for dialogue and partnerships with developing countries is the EU 
Energy Initiative for Poverty Eradication and Sustainable Development (EUEI). The EUEI is 
a joint commitment by EU member states and the European Commission aimed at 
supporting improved access to sustainable energy services through more efficient use of 
fossil fuels and traditional biomass and by increasing the use of renewable energy. The 
Initiative mobilises public and/or private resources for specific actions and instruments, 
both from domestic and international sources.  

The ACP-EU Energy Facility is one if the EUEI instruments to support the supply of energy 
services in rural areas of African, Caribbean and Pacific states. The first Energy Facility was 
launched under the 9th European Development Fund (EDF) in 2005 and co-financed some 
74 projects with a total volume of €220 million. 40% of the total budget supported 
renewable energy. The second Energy Facility has been launched under the 10th EDF for the 
period 2009-2013. The total budget for this period is €200 million. On 30 November 2009, 
a call of proposals was launched for the first €100 million. Notification of awarded projects 
is expected in October 2010. The Commission is also identifying a new programme to 
support energy in Latin America as part of the 2010-2013 Regional Indicative Programme. 

Another instrument of relevance to renewable energy sources is the Partnership Dialogue 
Facility (PDF), which was also developed within the context of the EUEI. Its objective is to 
promote access to energy based on national and international multi-stakeholder dialogue. 
Amongst the ongoing projects is the Biomass Energy Strategy (BEST) Initiative, which aims 
to ensure a sustainable supply of energy from biomass and to promote access to modern 
fuels to households and small enterprises in Africa. 

A more innovative approach has been chosen with the creation of the Global Energy 
Efficiency and Renewable Energy Fund (GEEREF), which was set up in late 2008 in an effort 
to address the financing gap for clean energy projects in developing countries. GEEREF was 
conceived as an innovative financing instrument aimed at leveraging private investments 
with public funds. Funding of GEEREF is currently at about €108 million (financed by the 
European Commission, Germany and Norway) for the period 2007-2011.  

                                          

22  Financial data originally quoted in 2008 USD was exchanged into EUR using the average 2008 USD/EUR 
exchange rate (1.4708). Source: Eurostat, 2010. 
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The European Commission estimated that the fund could leverage additional private risk 
capital of at least €300 million. The first two GEEREF investments worth €22.5 million have 
been announced in December 2009, in support of projects in Africa and Asia. For more 
information on GEEREF, see [Behrens 2009]. 

Development cooperation in the field of energy is mainly focussed at reducing energy 
poverty and thus at disseminating proven and relatively cheap renewable energy options. 
However, this is not to say that current EU energy programmes may not support “new” 
renewable energy technologies once they become competitive. 

3.2.2. Rethinking Trade Policy in the Face of Growing International Trade in 
Biofuels 

Biomass is set to play a growing role in the EU’s energy mix, not only within the context of 
the binding EU target to source 10% of each member state’s transport fuel mix from 
renewable energy sources, but increasingly also in stationary units for electricity production 
or for heating. In the transport sector, initial enthusiasm about biofuels has faded in favour 
of a more balanced approach taking into account several facets of sustainability. On the 
one hand, biofuels may not always lead to a reduction of GHG emissions when compared to 
their conventional fossil alternatives [see, e.g. Zah et al. 2007] while on the other hand, 
they are often associated with indirect land use change (ILUC), which may lead to the 
release of large amounts of CO2 emissions.  

The new EU Renewable Energy Directive established environmental sustainability criteria 
for biofuels, including a minimum rate of direct GHG emissions savings (starting from 35% 
in 2009 and rising to 60% by 2018) and restrictions on land conversion (covering only 
direct land use change). These criteria are expected to be strengthened by the European 
Commission in order to include several aspects of ILUC in the course of 2010. However, as 
useful as these criteria might be from an environmental perspective, they may be 
controversial from a trade perspective. For example, it could be argued that sustainability 
criteria could constitute ‘non-tariff barriers’ to trade, which may be illegal under the World 
Trade Organisation (WTO). If the criteria are challenged in the WTO, the EU will only be 
able to defend them successfully if it can show “that they are non-discriminatory and 
scientifically based and that they have been imposed only after meaningful negotiations, 
with the EU’s main suppliers, to develop international standards” [Swinbank 2009]. 

With growing international trade in biofuels, there is a case for removing protectionist 
measures aimed at supporting national agricultural feedstocks and interests in favour of the 
most efficient biofuels in terms of costs, GHG emissions and other environmental benefits. 
In the EU, biofuels (both from domestic production and from abroad) benefit from the 
Renewable Energy Directive in combination with the Energy Tax Directive which allows for 
tax reductions and exceptions for biofuels. The Common Agricultural Policy (CAP) plays 
another important role in encouraging domestic production (e.g. through direct support). 
Furthermore, EU trade policies discourage imports from abroad. While imports for biodiesel 
are subject to the Most Favoured Nation (MFN) duty of 6.5%, imports of bioethanol are 
burdened with tariffs reaching from €10.2 per hectolitre for denatured ethanol, to €19.2 per 
hectolitre for undenatured ethanol. The tariff level thus depends on the classification of the 
product [Al-Riffai et al. 2010].23  

                                          
23  Although it should also be noted that there exist several initiatives allowing for duty-free access of biofuels to 

the European market, such as the Everything But Arms Initiative, the Cotonou Agreement, the Euro-Med 
Agreements and the Generalised System of Preferences Plus. 
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The difference in import tariffs can be explained by the fact that biodiesel is considered to 
be an industrial product, while fuels made from crops, such as ethanol, are classified as 
agricultural goods in the World Customs Organisation’s Harmonised Coding System for 
commodities. The latter are subject to higher import tariffs in order to protect European 
farmers. The classification affects tariffs and options for national support in many ways. 
Given the fact that the EU will need to import considerable amounts of bioethanol in order 
to reach its 10% renewables in transport target (biodiesel, on the other hand may mostly 
come from domestic production), it may be advisable to push for a reclassification of 
bioethanol in order to allow for a reduction in tariffs. Brazil will be the country to benefit 
most from such a move, but it is also the country that produces the most emissions-
efficient biofuel (ethanol from sugar cane). This is also reflected in [Al-Riffai et al. 2010], 
who find that a complete elimination of tariffs on biofuels, although leading to slightly 
higher ILUC effects, will reduce direct GHG emissions due to a switch towards more carbon 
efficient biofuels. The latter effect is expected to outweigh the former and [Al-Riffai et al. 
2010] thus concludes that the overall emissions balance of abolishing tariffs on biofuels is 
positive. In any case, the EU needs to ensure that it favours those biofuels that reduce 
greenhouse gas emissions the most (e.g. in the Energy Taxation Directive).  

In addition, there are several arguments that call for increasing compatibility of biofuels-
standards. Discrepancies between these standards constitutes a technical barrier to trade 
and a harmonisation, e.g. within the framework of the tripartite initiative (Brazil, EU, US), 
would facilitate the increasing role of biofuels in regional markets, as well as support “both 
exporters and importers of biofuels by helping to avoid adverse trade implications in a 
global market” [Tripartite Task Force 2007]. 

3.3. Future EU Research and Innovation Policy for renewable 
energy 
The idea of using the EU budget or the EIB to contribute significantly to R&D in Europe is 
rather novel. Originally, research was concentrated on specific sectors originating from the 
Coal and Steel and EURATOM treaties. On energy, finance was limited to objectives of 
EURATOM. Research and Development as a public policy for promoting growth at European 
level has not been an issue until the Appearance of the Lisbon Strategy for Growth and 
Jobs in 2000.  

With the Lisbon Agenda for jobs and growth, fostering innovation has become a key 
objective of the EU. This central position of R&D at EU level is allowing the rather modest 
R&D budget to increase in size and relevance, and the formerly lose policy on R&D to take 
central stage and develop into a fully fledged EU policy. The recently published EU 2020 
startegy by the European Commission agains calls for a substantial reinforcement of R&D 
coordination and expenditure in the European Union [COM, 2010]. 

The central funding mechanism at EU level for research and innovation comes through the 
Framework Programmes, the first one originates from 1984 and today we are at the 
Seventh Framework Programme FP7. Today’s FP7 is providing a particularly important 
turning point to the strategy of the Framework Programmes. The FP7 coincides with the 
consolidation of the European Research Area objective and the emergence of a number of 
new R&D EU institutions. The EU’s research strategy is based on the development of the 
European Research Area (ERA) initiative, which focuses on increasing the number of 
scientists, the level of research funding (aiming to reach 3% of the EU’s GDP) and the 
quality of research in Europe, taking advantage of the economies of scale created by cross 
border cooperation.  
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In addition the EU has created the European Research Council (ERC) which concentrates on 
frontier research funding and a number of agencies to better manage the programmes 
while leaving the European Commission and the ERC to concentrate on policy and research 
excellence rather than procedures (the Research Executive Agency (REA) and the European 
Research Council Executive Agency (ERCEA)). To this one has to add the creation of the 
European Institute of Technology (EIT) and its “Networks of Excellence” which should bring 
together the research from all over the European Union. 

The FP7 is divided into four specific programmes and EUROATOM research on fission and 
fusion research. The four programmes are: 

• Cooperation: support for transnational cooperation in key areas; 

• Capacities: support to research and innovation capacities and optimisation of their 
use; 

• Ideas: support for basic research; 

• People: support of researchers’ mobility and career development. 

For the Financial Perspectives period of 2007-2013, the funding for the FP7 is of €53.2 
billion, representing a 63% increase from the FP6 allocation (as yearly average). €2.3 
billion are allocated to energy research (excluding nuclear energy), which means that on 
average there are €230 million available per annum. The the funding for fission and fusion 
energy is of €2.75 billion over the life of FP7 (EURATOM) or an average of €390 per year. 

3.3.1. A mandate for a strong EU energy R&D policy 
The EU has a clear mandate to pursue such a bold and ambitious strategy. Not only is the 
EU committed to reducing GHG emissions and has set itself energy efficiency and 
renewable energy targets, but the Treaty of Lisbon introduces a clear mandate for the EU 
to act in the area of energy, not only for reasons of energy security and completing the 
single market, but also to promote the development of renewable energy.  

Article 176a of the Treaty states the following: 

In the context of the establishment and functioning of the internal market and with regard 
for the need to preserve and improve the environment, Union policy on energy shall aim, in 
a spirit of solidarity between Member States, to:     

    (a) ensure the functioning of the energy market; 

    (b) ensure security of energy supply in the Union; and 

    (c) promote energy efficiency and energy saving and the development of new 
and renewable forms of energy; and 

    (d) promote the interconnection of energy networks. 

This mandate is then clearly reflected in the new EU2020 strategy (COM, 2010). The SET-
Plan, which is the central research and development policy in the area of renewable 
energies for the EU, is clearly indicated as a priority in the flagship initiatives “Innovation 
Union” and a “Resource Efficient Europe”. In addition to completing the internal energy 
market, promoting renewable sources of energy end ensurng the interconncetions of the 
grid with renewable sources of energy are presented as priorities.  

The EU2020 calls also for the coordination of different funding mechanism, such as the 
structural funds, EIB or other funds, to ensure the diffusion of renewable technologies. This 
section focuses primarily on the SET-Plan, as it is central for the development of a “new 
generation of renewable energy technologies”. It does, however, discuss the role of other 
funding.  
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3.3.2. Research and development and Energy: the SET Plan 
Operations and mechanisms of the EU R&D policy are changing rapidly with the need to 
develop a knowledge economy, but no changes are as large as the ones planned for 
research in energy. As section 2.2 has clearly stated, there seems to be an important 
funding gap in R&D for renewable energies. As a response to the climate challenge and a 
number of compelling economic reasons, the EU has launched a research and development 
strategy targeting the energy sector, the SET-Plan. The outline was first presented in 2006 
[European Commission 2006] and then further developed in 2007 ([European Commission 
2007a] and [European Commission 2007b]) and 2009 [European Commission 2009a, b, c, 
d] with a very detailed planning presented in a technology roadmap document [European 
Commission 2009b]. The SET-Plan was approved and officially started this year, although 
many of its elements have not been set-up yet. This plan represents an institutional 
revolution in the role of the European Union on energy research.  

Contrary to the loose open call approach of the previous Framework Programmes, the SET-
Plan is much more “mission oriented”, focussed at actively assisting to fulfil the EU energy 
objectives in the medium and long term and seeks to change the way Europe’s energy is 
produced and used. 

The SET-Plan is very ambitious and directs its efforts to address the lack of private and 
public sector R&D funding in Europe, while developing strong public and private 
partnerships, involving governments, the academic sector and the business sector through 
the European Industrial Initiatives (EIIs). The SET-Plan has also created a new external 
collaborative structure. This is the European Energy Research Alliance (EERA), which is a 
collaborative group of ten leading research institutes on energy technologies.  

The SET Plan technology roadmap [European Commission 2009b] divides the research and 
development effort into three periods or technology waves. The first (until 2020) focuses 
on technologies that should be deployable soon, while the second (until 2050) seeks to 
develop more complex, long-term solutions (Table 18 and Figure 32). The third wave (after 
2050) presently just entails the deployment of fusion energy if the ITER24 and its successor 
demonstration plants succeed. 

Table 18: First two technology waves of the SET Plan 

2010 2050 

• Second-generation biofuels 
• Commercialisation of CCS 
• Larger wind turbines 
• Large-scale PV and 

concentrating solar power 
systems 

• Enable a single, smart grid 
• Market energy-efficiency 

devices 
• Long-term waste management 

• Next generation of renewables 
• Breakthroughs in energy 

storage 
• Hydrogen fuel cell vehicles 
• Gen-IV (nuclear) 
• Complete ITER (fusion 

demonstration) 
• Alternative vision TEN-E and 

other systems 
• Breakthroughs in materials, 

nano-science, ICT, bio-science, 
etc. 

 

                                          
24  The ITER refers to the International Thermonuclear Experimental Reactor being constructed in the south of 

France, financed by an international consortium including the EU (see http://www.iter.org). 
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Figure 32: SET Plan Technology waves 

 

Source: [European Commission 2009d, p.12] 

To a certain extent, the SET Plan is a response to the identified need to foster the 
necessary innovations to make medium and long-term EU objectives in energy a reality. 
The SET Plan is based on different technology platforms and initiatives concentrating on 
future technologies that should, in principle, be too risky for the private sector to invest in 
alone owing to the long-term and high investment requirements with uncertain success. It 
also finances joint public and private initiatives (collaborative business and research 
initiatives) in which the private sector would not invest given their transparent nature and 
partial loss of benefit from the open source aspects of the work. The platforms and 
initiatives bring together the European Commission, research institutes and corporate 
players in the field, to design a coordinated pan-European approach to the technological 
challenges ahead. 

In order to move forward the SET plan priority energy technologies, it has established 
several EIIs, based on the stuctures of the ones already in existence25: 

• Fuel cells and hydrogen (JTI on-going) 

• Fusion (ITER on-going) 

• New European Industrial Initiatives: 

• European Wind Initiative 

• Solar Europe Initiative 

• Bio-energy Europe Initiative 

• European Electricity Grid Initiative 

                                          
25  Fuel Cells and Hydrogen Joint Technology Initiative (FCH JTI) Aeronautics and Air Transport (Clean Sky), 

Innovative Medicines Initiative (IMI), Nanoelectronics Technology 2020 (ENIAC), Embedded Computing 
Systems (ARTEMIS) 
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• European CO2 capture, transport and storage initiative 

• Sustainable fission initiative (Gen IV) 

The JTIs and EIIs are an innovative form of Public Private Partnerships at European level. 
The term “Public Private Partnerships” (PPPs) covers multiple acceptations and there is no 
specific European model for PPP. In the scope of this study, a PPP is defined as a 
partnership created at the European level, involving public authorities (the European 
Commission) industry and research community to pursue common ambitious objectives in 
the field of research, development and innovation. According to the European Commission, 
PPP can offer “extra leverage to key projects to deliver shared policy objectives [...], boost 
Europe’s innovation capacity and drive the competitiveness of the European industry in the 
sectors with significant growth and employment potential”. 26 

The first PPPs in the field of research, development and innovation at European level, were 
introduced in May 2007 with the adoption by the European Commission of proposals 
creating Joint Technology Initiatives (JTI).27 The PPP approach was replicated in the 
aftermath of the economic crisis with the creation of four PPPs in the European Energy 
Programme for Recovery (EEPR)28. The proposal to establish EIIs for the SET Plan have 
confirmed the trends and will of the European Commission to enhance the participation of 
the private sector in the EU RDI ambitions through the mean of PPP. 

3.3.3. Role of Private Public Partnerships in communicating strategies and 
ambitions of low-carbon programs to the private finance sector 

The involvement of the private sector in PPPs to implement the EU RDI ambitions presents 
for the European Commission strategic benefits.  

Indeed, integrating the private sector in PPPs with the public authorities has a strong 
impact in terms of efficiency and success in communicating the strategies and ambitions of 
low-carbon programs towards private finance stakeholders.  

As mentioned above, securing funding for new energy technology can be very difficult due 
to the complexity of the technologies and the lack of awareness of the private finance 
sector.  

With PPPs, these obstacles can be overcome, as the private sector can help the EU define 
the appropriate messages and strategies to attract private financing. 

Communicating about low-carbon programs, common strategies and aligned 
ambitions 

In the European Commission approach, the PPPs represent the joint vision of public and 
private industry and research stakeholders. This common vision constitutes the strength of 
the PPPs and their RDI programs, making it easier to attract private financing.  

A common and aligned vision gives credibility to the objectives supported by the 
stakeholders of the PPP. It also creates consistency about the low-carbon program to be 
funded and confers weight to the PPP as the aligned strategies and ambitions 
communicated to the private financial sector fit to the objectives of the industry 
stakeholders.  
                                          
26  COM (2009) 615 Final of 19 November 2009 -  Communication from the Commission « Mobilizing private and 

public investment for recovery and long term structural change : developing Public Private Partnerships » 
27  SEC (2005) 800 of 10 June 2005 – Commission Staff Working Document «  Report on European Technology 

Platforms and Joint Technology Initiatives : Fostering Public Private R&D Partnerships to Boost Europe’s 
Industrial Competitiveness ».  

28  Factories of the Future (FoF), Energy Efficient Buildings (EeB), Green Cars (GCI), Future Internet (FI) 
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Moving away from direct public procurement, where private stakeholders are only in charge 
of implementing the program, PPPs allow for a stronger “buy in” attitude and commitment, 
raising the attractiveness of the financial projects.   

Focus on the Fuel Cell and Hydrogen Joint Undertaking (FCH JU) 

Despite the fact that Fuel Cell and Hydrogen (FCH) technologies are not in the scope of this 
study, we deem the review of the FCH JU as important because it is one of the first PPP 
having been implemented in the field of low-carbon technologies.  

Fuel Cells and Hydrogen technologies are low carbon technologies, which share similarities 
with the new generation or RE technologies: they constitute high risk, long term and 
complex investment. 

The FCH JU was established by a Council Regulation on 30 May 2008, following long 
preparatory and cooperation activities within the European Hydrogen and Fuel Cells 
Technology Platform. (HFP)  

In making the case to establish a PPP for FCH technologies, the industry stakeholders had 
outlined a series of strategic elements, sustaining in their opinion, the need to create such 
a PPP.29 According to the Industry, the creation of the PPP would lead to the establishment 
of a long term, consistent and coordinated strategy for RTD&D activities in the field of fuel 
cells and hydrogen, as well as the definition of common ambitious aligned objectives, 
steered by the industry.  

Although the PPPs present advantages in terms of funding & communicating low-carbon 
program, private financial investment in RDI via PPP needs to be scale up considerably, for 
this the structure and operations of the PPPs need to be efficient. However, section 3.3.3 
notes a number of areas of concern which can undermine considerable the different JTIs 
and EIIs.  

3.3.4. The Costs of the SET-Plan and the need for a leap in public funding 
As stated in section 2.2 the present investment in R&D (public and private) for the SET Plan 
group of technologies is estimated at approximately €3 billion annually. The Commission 
calls for an increase in the combined resources to €8 billion a year or €50 billion over the 
next 10 years. The sources of this founding need to be still decided, and should be based 
on a mix of EU, national, public and private sources. 

To realise the ambitions of the SET Plan, there is a need for a generous level of financing, 
and the Commission estimates that the additional resources needed over the next decade 
should be of €50 billion, or in excess of €8 billion a year given the present estimated €3 
billion spent in R&D in the SET-Plan energy technology areas. In 2007, for SET Plan 
technologies €366 million came from the FP7 and Euratom FP7 research programmes. The 
missing €5 billion founding need to be still found and approved by the member states, 
based on a mix of EU, national, public and private sources. This is a very ambitious 
objective, but defendable on the grounds of the climate and energy objectives of the EU 
and the characteristics of the market for renewables. 

For the future new renewable technologies, the SET-Plan is, in fact, of central importance. 
Without a substantial additional public finance effort by the EU and the member states 
[Aghion et al. 2009] clearly consider a large green innovation drive in the energy sector 
able to bring Europe into the path to a low carbon economy more than unlikely.  

                                          
29  HFP Industry Submission to the Impact Assessment of the Joint Technology Initiative on Fuel Cells and 

Hydrogen, February 2007 
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Private green innovation is according to their analysis insufficient, and public expenditure 
on R&D too low despite an increase over the last few years. In fact, the US is clearly ahead 
in terms of venture capital in green technology by a large factor. 

Following further their analysis, at world and European level there is also a very low level of 
patenting activity in green technology. Barriers for innovation in green technology are 
multiple. One is the fact that benefits of green technology are often public rather than 
private and not rewarded by the market. The benefits of green technology cannot fully be 
appropriated by the private operator and many benefits are often realised in the longer 
term which creates a disincentive to invest. Green innovation also has difficulties to access 
finance and venture capital due to these reasons, in addition to the risks and uncertainties 
of the technology. The often slow return rate of adopting the new technologies makes it 
difficult to get customers and ensure deployment. Dirtier technologies have a clear 
advantage due to the installed base infrastructure, which puts the renewable clean energy 
technologies at a clear disadvantage without support. Due to the characteristics of the 
renewable energy market, [Aghion et al. 2009] thus call for the EU to have an active green 
technology policy.  

There are also compelling industrial and commercial reasons to promote R&D in the EU. If 
the EU manages to keep a lead in green technologies, it may also lead and capture the 
markets for those technologies in the future due to the first mover advantage. It is now 
apparent that the US will become an important participant in global efforts and that China 
wishes to create its own green technologies. If the EU does not show a very strong 
commitment backed by more than just words, it will miss the opportunity to lead the 
technological field and this global market. Despite the economic woes facing public 
resources, there is a good argument to shift EU and other public funding to this priority. It 
is important to be aware of the economic consequences of losing a leading position in the 
energy technologies of the future because of underinvestment. This will have a 
considerable impact in the competitiveness and growth, thus on employment and welfare 
for the EU economy [Jorge Núñez Ferrer et al. 2009].  

It is important also, however, to pursue additional regulatory reforms at EU and member 
state level. The level of R&D in Europe is especially weak in the private sector and in part 
this may be due to structural reasons [Uppenberg 2009]. It is also telling that the EU still 
does not have a Community Patent [European Commission 2009e]. The present system is 
costly and fragmented; in fact a patent covering ‘only’ six Eu countries costs already four 
times more than in the rest of the world. If it covers the whole EU, it costs 15 times as 
much as in the US! [van Pottelsberghe and Danguy 2009]. The EU 2020 startegy mentions 
the willingnwess of the European Commission to press for a single EU Patent and improve 
the Eu patenting process. 

3.3.5. The SET-Plan’s potential and weaknesses 
The SET Plan is built on the existing Framework Programme mechanisms and, in fact, 
officially started this year (2010) despite of the large number of unresolved issues. It will 
therefore build all its structures at a hectic pace. Making sure the existing mistakes of the 
Framework Programmes are not reproduced in the SET-Plan is central, as given the large 
ambitions and central role of EU financing, such mistakes can develop into considerable 
policy failures. Mistakes done under the FPs were partially covered by the very small size of 
the EU R&D funding in total EU public funding (5%). However, in the SET-Plan energy 
priority areas this is already much higher, 7% of total R&D investment and 23% of total EU 
public expenditure! With EU funding taking a centre stage and growing, weaknesses in the 
system should be avoided. 
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According to the expert report on the Sixth Framework Programme (FP) evaluation 
[Rietschel and Arnold 2009] there are a number of weaknesses that need addressing, 
namely: 

• Excessive bureaucratic burden  

• Lack of participation by the private sector 

• Lack of coordination and follow of research undertaken in the EU 

The FP7 SET-Plan structure does address some of those weaknesses, but based on the 
responses of the European Commission to the expert group report [European Commission 
2008] and the mid term results of the FP7, some of them may not be appropriately solved. 

Excessive Bureaucratic Burden 

The European Commission is attempting to reduce administrative burden by cutting red 
tape, and some advances have been achieved. However, the European Union has a real 
and important stumbling block to make the R&D expenditures efficient and effective when it 
comes to cutting edge technology and innovation. This is because the EU financial 
regulations treat public procurement for research and development in the same manner as 
any other public procurement mechanism. The bureaucratic process, risk aversiveness and 
draconian auditing mechanisms are making research which is by nature risky and 
innovative (thus uncertain) in many respects difficult to run under the FP programmes. In 
fact, as the expert group mentions, institutes turn to the FP programmes when other public 
funds are not available. In addition, the very cumbersome requirements to apply for the 
funds causes many applications to fail due to administrative burden and not for the quality 
and relevance of the research proposed. In fact, the expert group is worried that many 
worthwhile projects have been missed. For the application process of research proposals 
the expert group correctly demanded a two-stage procedure, where the proposals are 
made in the absence of complex bureaucratic documentation requirements. This has been 
introduced, although complaints about the remaining heavy bureaucracy persist.  

The criticisms are reflected repeatedly in different evaluations of the research and 
development programmes and quite strongly stated in the final report of an independent 
expert review panel on the European Research Council’s (ERC) procedures and mechanisms 
[Meny 2009]. According to this review the ERC’s procedures are unsustainable and unsuited 
for the frontier research objective of the organisation. Bureaucratic procedures and the 
financial mechanisms of EU research programmes plainly run counter to the stated 
objectives of the ERC. 

There is a need for a real overhaul of the procedures if the EU funds increase in 
importance, and take over some of the particularities of venture capital, which are 
appropriate for innovative research. The expert group proposes to use more grant systems 
for pure research and base their procedures on prices and delivered objectives, rather than 
cumbersome cost base auditing and procedural controls. The European Parliament has also 
pinpointed the need for reforms in a resolution30. The bureaucracy may seem at times to 
place to a certain degree administrative procedures in a higher level of importance than the 
results. In addition, there have been many excessive delays in payments reported, which 
cause difficulties for participants.  

                                          
30  RESOLUTION OF THE EUROPEAN PARLIAMENT of 23 April 2009 with observations forming an integral part of 

the Decisions on discharge in respect of the implementation of the European Union general budget for the 
financial year 2007, Section III — Commission and executive agencies – OJEU – L 255/36 – 26.09.2009 
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Many of the problems cited by the expert group are unfortunately not rectifiable without a 
change in the underlying rules and regulations, including the very complex financial 
regulations. Those can only be resolved by decisive action from the European Council and 
the European Parliament. This is not addressed by the SET-Plan. 

In addition to the bureaucratic pressures, the expert group also hints at a possibly 
excessive interference from a large number of policy goals which are political in nature, 
from equal opportunities, to participation of SMEs, sustainable development, etc. While 
those are important, they seem to have to a certain extent deflected attention from the 
actual need to reach the goals of FP programmes. There is a risk that policy and 
bureaucratic criteria become so central in the requirement of projects that the actual 
quality of those in terms of objectives and results become overshadowed. The right balance 
between keeping overall principles of EU operations and the needs for effective R&D 
investments needs to be ensured. 

Lack of participation of the Private Sector 

One of the main problems of Europe’s R&D is the lack of participation of the public sector. 
In terms of finance, the share of public finance in R&D is not particularly lower than in the 
main competitors, such as the USA or Japan. How to get the private sector more engaged 
in R&D is a question which will need further analysis. [Aghion et al. 2009] consider that 
without doubt the green energy sector requires a particularly high share of public support 
due to its intrinsic characteristics, but funding is not the only need.  

First of all there is some mounting evidence that decisions of companies to invests in R&D 
depend on a number of regulatory and taxation conditions which in a number member 
states seem to be discouraging private R&D [Núñez Ferrer, 2009].  

The expert group evaluation of the R&D Framework programme indicates that the 
structures are not encouraging the participation of private companies.  

The experience of the Joint Technology Initiatives (JTIs) in the FP7 programmes shows that 
the public private partnerships, although seen as a very promising and powerful tool by the 
European Commission (see above, point 3.3.3 and 3.3.4) are complex and difficult to 
develop into an innovation driver.  

Corporations complain about the very inflexible nature of the JTIs and a number of 
institutional structures which are discouraging the innovation process rather than 
encouraging it. In a report presenting the views on EU R&D by several leading corporations, 
the bureaucracy, regulations and financial rules are repeatedly pinpointed as real barriers 
for meaningful progress. 31 Given that the private sector has to be the motor for the 
practical development, testing and diffusion of new technologies, their concerns need to be 
addressed. 

Another serious stumbling block are the rules for intellectual property, which imply an 
obligation to cooperate in a manner which is contrary to the interests of the corporations 
and their business practices [Rietschel and Arnold, 2008]. The EU projects require 
companies to share the projects own foreground results and also side results. Access to 
background information may in some cases have to be granted. This is a very strong 
disincentive for participation where the rewards of the research are lost to competitors and 
process information for other products is also revealed. The final intellectual property of the 
result is held by default in joint ownership, which allows for one co-owner to license the 
final product by paying compensation for the other owners.  

                                          
31  Jan van den Biesen in a contribution to “From CAP to competitiveness” by Nyberg C. and S. Berglund, Report 

by the Confederation of Swedish Enterprises of 2009 
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This is a problem when the individual part by one member of the consortium can be used in 
other applications. Co-ownership is a strong disincentive to participate. This issue raised by 
the expert group has not been addressed by the Commission’s response. 

Lack of coordination and follow of research undertaken in the EU 

The SET Plan wishes to address another reported weakness of the EU funded R&D, the lack 
of follow-up of projects. It has developed a system which should monitor and follow up 
projects from research to testing to commercialisation. To do so, the EIIs are supposed to 
focus on demonstration of emerging technologies in the short term and to focus research 
on the known difficulties of those technologies. The EERA focuses on the research required 
for the longer term. The EERA is supported by the European University Association (EUA), 
which will concentrate on blue sky research and is setting up the necessary energy 
platforms. 

All the efforts are monitored by SETIS information system which will supply feedback to the 
whole process, ensuring research is not lost in the process. SETIS is pan European and also 
linked to national research, this should avoid the multiple problems of parallel and 
disconnected EU and national programmes. In fact, Framework Programmes and national 
programmes should be complementing each other under the new structure. 

Figure 33: SET Plan process 

 

Source: DG RTD 

There is nevertheless a caveat, without a real overhaul of the administrative and financial 
mechanisms much of the impetus will be lost. A lukewarm participation of the corporate 
sector for example will affect negatively the realisation of part of the ambitions.  
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To a certain extent the weak point of the structure, lies in the EII structures, as well as the 
inadequate financial rules for frontier research. 

3.4. Funding the SET Plan, from research to deployment 
The SET Plan despite the large number of structures created and the relatively detailed 
planning in the technology roadmaps, fails to present a solution to the funding problem. 
Public funding is, however, the fundamental key to make the SET Plan effective. 

It is clear that to bring total funding for R&D for the SET Plan to €8 billion yearly, public 
funding will have to increase. The present total funding on R&D in SET-Plan priority 
technologies in the EU was estimated to be 3.2 billion € in 2007, thus it is arguable that 
more than a doubling of R&D research effort will also require at least more than doubling 
the public expenditures, depending on the capacity and willingness of the private sector to 
follow suit. The big question is which public budget will be increasing? The EU financed 11% 
of energy research in 2007 or approximately €360 million. Member States financed 32% or 
around 1 billion, with very different shares each member state (figures by [Wiesenthal et 
al. 2009]). If member states do not double their expenditures, then the EU would have to 
more take a large share of the increase. The question then arises, from which source? 
These are questions that need answers over the next two years before the next EU budget 
is agreed. There is also the problem that the SET Plan officially entered into force this year, 
which adds complexity to the funding of the years up to the new EU budget.  

Of course, the EIB can play a role, and the mechanisms are outlined in sections 3.4.1 but 
EIB loans have their limitations in the areas of high risk R&D, although it will play an 
important role in the funding of infrastructures for new technology deployment.  

Coming back to funding for the SET Plan, it is highly likely that as a share of the increase in 
financing the EU will have to contribute proportionally more. The private sector will react to 
new public funding and will invest more, but it is unlikely that investment will rise to cover 
the same proportion of funding. Similarly, the private sector will not invest in long term 
blue sky basic research, thus any increase there has to be public only.  

If the EU were to finance a much larger share of the public expenditure of the SET Plan, 
there are various issues to consider. Today, the EU is financing 23% of the total EU public 
R&D in the SET Plan priority technologies, while total public R&D is 31% of the EU 
investment. It would not be outlandish to consider that public R&D may increase in share 
under the €8 billion target to 50% with the EU needing to finance half of public 
expenditure. The consequence is an increase in the EU’s investment in research of those 
technologies to maybe €2 billion a year. This assertion may well be challenged, as the SET 
Plan de facto expects a large private R&D contribution. However, it is difficult to conceive a 
large drive for R&D in the private sector without a very sizeable shared investment from 
the public sector. It is also clear that member states may well be reluctant to finance a 
substantially larger share of the R&D. Unfortunatelly, member states are reluctant to 
contribute to the EU budget too. From a point of view of EU budgetary margins, there is no 
unsurmontable impediment to increase EU funding to energy R&D; the EU budget ceiling 
can easily accommodate such an increase. To put it in perspective, the EU Own Resources 
ceiling as percentage of gross national income (GNI) is 1.24% and the margin available is 
on average 0.24% of GNI or €28 billion during the present Financial Perspectives period. 
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A concern with the funding is the reluctance of the member states to allow the budget to 
increase beyond 1% of GNI and the excessive interference of member states in its 
redistribution. It is important that real32 own resources increasingly finance the EU budget 
to reduce the net balance obsession of member states, which would run counter to the 
need to allocate funding based on excellence. In fact, a number of proposals exist to 
finance non redistributive EU policies with direct fiscal resources, while redistributive 
sources can be financed by a GNI resource. 

For example, Climate related R&D and also external action could easily be covered by an 
existing European financial instrument, namely the ETS. Linking ETS revenues with 
expenditures clearly earmarked to climate related investments would increase the 
transparency and accountability of the EU budget.  

The ETS can have a double influence on the future of renewables; one is the potential use 
of the revenues to finance the renewable sector, including innovation. The other is through 
the changes in relative prices with fossil fuels, which become more expensive with the ETS. 
For the ETS to become a proper resource and have the desired effect, the carbon price has 
to increase considerably. The ETS has not had much impact until now due to low prices and 
excessive free allocations of emissions. The strengths and weaknesses of the ETS can be 
read in [Egenhofer C. 2009]. The revised ETS should be able to redress the situation. By 
imposing a Europeanwide cap on emissions with linear reductions, the carbon price will 
increase for the sectors covered by the ETS. The effect translates in 2020 into a estimated 
overall yearly revenue of €30 billion at a price of €30 per ton of CO2 emissions with 50 
auctioning. These revenues could become a central funding source for EU climate related 
expenditures. Nevertheless, even with the limited revenues of today, ETS could today 
easily cover the costs of all the EU public funding requirements of the EU and member 
states for R&D, which in total could amount to €3 to €4 billion yearly. 

There are good arguments to reinforce the ETS, increase the price and introduce more 
auctioning from 2013. The economic recession has affected the rate of investment in 
renewables, due to the economic downturn but also due to a falling price of oil. The 
competitiveness of renewables has been affected by this price fall. Without a clear policy 
sign towards renewables the emissions and renewable targets may not be reached. 

Nevertheless, the ETS is not the only possible new EU own resource. Finding new real own 
resources for the EU budget is an old debate, and the most recent and comprehensive 
study of different options was produced by the European Commission in 2004. The 
publication did not mention the ETS as a source of revenues, but one of the many 
proposals was the introduction of a carbon tax for fuel, which de facto could cover areas 
not touched by the ETS from road fuel to aviation.  

None of the proposed resources made much advances in the Council. The carbon tax on 
energy consumption, however, is returning to the debate since the failed attempt in France 
of introducing such a tax after the courts ruled that the tax incorporated too many 
exemptions for large polluters and thus was inequitable. A tax at European level could be 
addressing this, as it would address some of the competitiveness concerns which created 
those loopholes in the first place.  

                                          
32  Own Resources for the EU budget are considered real if directly levied and attributed to the EU budget, such as 

the Common Customs Tariff. GNI contributions are also officially Own resources, but are not considered real, 
as those are not directly collected from taxes attributed to the EU budget. 
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The relaunch of the carbon tax idea can be seen in a speech33 by the new European 
Commissioner for taxation, Algirdas Šemeta, announced a revision of the Energy taxation 
Directive34 of 2003 which would allow the imposition of a carbon tax in sectors not covered 
by the ETS. 

Fuel taxation as an EU resource would be relatively straightforward to introduce, because 
the EU directive on energy taxation allowed the creation of a harmonised tax base on all 
competing energy sources and imposed minimum tax levels. While the taxes do not accrue 
to the EU budget and it was not primarily intended to become an own resource35, the 
harmonised tax base allows for a quick introduction of a Community tax on fuel, which 
could be additional or a share of the existing taxes.  

The Commission’s 2004 report estimated that if the EU were to collect the revenue equal to 
the minimum rate for fuel taxation for road transport, it would practically cover most of the 
EU budget. Using the same methodology as the Commission report, Table 14 presents an 
estimation of the revenue today. This is approximately of €120 billion based on the 2007 
road fuel consumption levels. Collecting this amount from the fuel tax to finance the EU 
budget is unlikely to be done, but shows that even a modest 2% of the minimum fuel tax 
would suffice to cover the required increase in the EU budget share of funding for R&D in 
energy, and that 20% to 30% of it would be enough to finance in addition the EU’s share of 
aid for the climate change adaptation needs in developing countries.  

The main caveat for using fuel taxes is the much higher fossil fuel intensities (fuel 
consumption per unit of GDP) in the poorer member states. The tax, at the level of the 
consumers, is regressive in terms of GNI between member states (see Table 19). The 
citizens of new member states, for example, would pay a higher contribution (71% more on 
average) compared to a contribution based on the GNI share36, this may cause difficulties in 
the Council, specially if the funds are used for research and development in energy. R&D in 
energy is concentrated mainly in the richest and most energy efficient member states. This 
repressiveness in relation to GNI will prevail for most uses of fossil fuels, thus expanding it 
to the use for heating or other uses will have a similar effect. This does not change the fact 
that as a fiscal resource for the EU, a carbon tax for fuel has most of the desirable 
characteristics for an own resource and focuses clearly on an EU objective. 

                                          
33  “For A Post-Crisis World”, Tax Forum Brussels, 1 st March 2010 

http://europa.eu/rapid/pressReleasesAction.do?reference=SPEECH/10/51&format=HTML&aged=0&language=
EN&guiLanguage=en 

34  Council Directive 2003/96/EC on restructuring the Community framework for the taxation of energy products 
and electricity, Official Journal L 283 of 31.10.2003. 

35  The primary objective was to improve the internal market, increase environmental taxation and reduce fiscal 
pressure on labour. 

36  The case of Luxembourg is very particular and caused by the lower fuel taxation. Inhabitants across the border 
refuel in Luxembourg, as well as haulier in transit. 
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Table 19: Impact of a fiscal resource on fuel for road transport in relation to the 
gross national income (GNI), year 2002 

 GNI €m 
(2009) 

Share of 
EU GNI 

Petrol 
consump-
tion m l. 
(2007)* 

Diesel 
Consump-
tion m l. 
(2007)* 

Revenue 
tax 

330€/100
0 l. in €m 

Share in 
relation 
to EU 
tax 

revenue 

Share of 
tax 

revenue 
compared 

to GNI 

Difference 
Between 
share of 
GNI and 
share of 

tax 

 (1) (2) (3) (4) 
(5) = 

)+(4)) 
*330 

(6) 
(7) =  

(6) – (2) 
(8)=(6)/(

2) 

Belgium 340073.0 2.89% 1643.529 9031.081 3522.6 2.81% -0.09% -2.99% 

Bulgaria 33095.1 0.28% 702.3529 1840.541 839.2 0.67% 0.39% 137.46% 

Czech R. 125005.9 1.06% 2471.765 4941.892 2446.5 1.95% 0.89% 83.29% 

Denmark 229067.7 1.95% 2105.882 3516.216 1855.3 1.48% -0.47% -24.15% 

Germany  2450400.0 20.84% 24260 34579.73 19417.1 15.47% -5.38% -25.79% 

Estonia 13410.5 0.11% 378.8235 620.2703 329.7 0.26% 0.15% 130.25% 

Ireland 135288.9 1.15% 2143.529 3660.811 1915.4 1.53% 0.38% 32.59% 

Greece 230938.4 1.96% 4832.941 3602.703 2783.8 2.22% 0.25% 12.89% 

Spain 1031372.0 8.77% 7858.824 37386.49 14931.0 11.89% 3.12% 35.58% 

France 1956283.7 16.64% 10951.76 42143.24 17521.4 13.96% -2.68% -16.12% 

Italy 1494576.1 12.71% 13895.29 33764.86 15727.9 12.53% -0.18% -1.45% 

Cyprus 16687.5 0.14% 414.1176 381.0811 262.4 0.21% 0.07% 47.27% 

Latvia 20107.6 0.17% 477.6471 1044.595 502.3 0.40% 0.23% 133.97% 

Lithuania 25344.1 0.22% 489.4118 1324.324 598.5 0.48% 0.26% 121.17% 

Luxembourg 27946.3 0.24% 507.0588 2236.486 905.4 0.72% 0.48% 203.40% 

Hungary 86941.2 0.74% 1803.529 3513.514 1754.6 1.40% 0.66% 89.01% 

Malta 5358.8 0.05% 75.29412 116.2162 63.2 0.05% 0.00% 10.45% 

Netherlands 559041.1 4.76% 4910.588 9083.784 4618.1 3.68% -1.08% -22.64% 

Austria 273975.9 2.33% 2277.647 7381.081 3187.4 2.54% 0.21% 8.95% 

Poland 302171.7 2.57% 4756.471 10372.97 4992.7 3.98% 1.41% 54.74% 

Portugal 156902.7 1.33% 1834.118 5794.595 2517.5 2.01% 0.67% 50.26% 

Romania 114365.4 0.97% 1734.118 3659.459 1779.9 1.42% 0.45% 45.75% 

Slovenia 34380.8 0.29% 725.8824 1386.486 697.1 0.56% 0.26% 89.88% 

Slovakia 62575.4 0.53% 721.1765 1563.514 753.9 0.60% 0.07% 12.84% 

Finland 170851.0 1.45% 2191.765 3177.027 1771.7 1.41% -0.04% -2.88% 

Sweden 291501.0 2.48% 4362.353 4462.162 2912.1 2.32% -0.16% -6.44% 

UK 1589180.8 13.52% 20734.12 30559.46 16926.9 13.48% -0.03% -0.25% 

New               
members  

 
  

6.17% 12314.12 25264.86 12401.1 10.55% 4.38% 71.01% 

EU 27 11756544.
3 

100.00
% 119260 261144.6 125533.5    

Source: Own calculations based on Eurostat figures, based on methodology of the Commission’s Own resources 
report 2004.  
Note: Original figure in tonnes. Conversion rates tonnes to litres: 0.85 metric tonnes per 1,000 litres of diesel, 
and 0.74 tonnes per 1,000 litres of petrol (leaded and unleaded). 

The Commission’s 2004 report also offer’s the possibility to introduce a tax on aviation, 
which would be a very good candidate as EU resource given that the source of emissions is 
really transboundary. A tax internalising the negative climate costs of CO2 and NOx 
emissions would raise revenue of €9 billion. Imposing such a tax is, however, complex, 
because it faces problems in flights to and from non EU countries.  
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The absence of any fuel tax at the moment also means that such a fiscal resource would be 
additional and not based on a share of an existing tax. This inevitable will hit the 
profitability of airlines and could thus face considerable resistance, although public 
perception on fuel taxation is shifting. 

Using real own resources based on carbon taxes to fund climate and energy related 
expenditures, such as the SET-Plan, would increase the EU budget’s transparency, improve 
its logic and partially separate the net balance disputes from these expenditures. It is clear, 
however, that due to the simplicity of calculating the “national” contributions, be it though 
direct or indirect fiscal resources of the EU, it is unlikely that disputes on the distributional 
effects will be avoided. The case of the fuel tax is a clear example. It is very important to 
keep net balance considerations at bay. High level research in energy is unevenly 
distributed across Europe, and it is important to avoid EU funding for R&D to be based on 
any other criteria than excellence and results. 

3.4.1. The EIB’s role in funding energy R&D 
Finding and securing private funding sources for Research, Development and Innovation 
(RDI) can be difficult due to the high risk nature of projects. In particular, the complexity of 
the technologies, the difficulty to retrieve, analyse information or assess the value and 
potential of these technologies, as well as the lack of maturity of the markets create high 
risks conditions & obstacles for the private investment sector.37 

The European Union has developed innovative financing mechanisms with the EIB to secure 
private funding, leverage investment and contribute to cover part of the risks & difficulties 
linked to the investment in RDI projects and products.  

The guarantees provided by the European Union (EU) and European Investment 
Bank (EIB) funds in PPP 

PPPs are seen as a way to boost investment from the private finance sector, acting as the 
appropriate catalytic tool to share the risk and close the funding gap. The EU & EIB funds 
invest in RDI using PPP which confers the EU the ability to capture private finance in 
technologies & areas where the risk is high and the return on investment long. 

The EIB is playing a key role in financing Europe ambitious strategy for energy and climate 
change. In the framework of the European Economic Recovery Action Plan, the EIB has 
increased its lending target in the energy field to €9.5bn in 2009 and €10.25bn in 
2010.38 In particular, the renewable energy sector is considered as a top priority by 
the EIB, committed to dedicate at least 20% of its energy lending to renewable energy 
projects.39 As such, the EIB provided €2.3 billion funding for renewable energy projects in 
2008.  

The guarantees provided by EIB funds in PPP are financial: specific loans or guarantees 
mechanisms, such as the Risk Sharing Financing Facility (RSFF) or the Marguerite fund. 
Guarantees can also be political in the sense that EU and EIB funds integrated in a project 
will strengthen its financial profile and raise its ability to attract additional funding. The 
policy and regulation contexts always play a key role in the decision of the private finance 
sector to assess the viability of an investment project.40  

                                          
37  COM (2009) 519 Final of 07 October 2009 - Communication from the Commission « Investing in the 

Development of low carbon technologies (SET-PLAN)  
38  SEC (2009) 1297 of 07 October 2009, Commission Staff Working document 
39  Europolitics article of 14 December 2009, “ Towards a low carbon future” 
40  Unep, Sefi, Bloomberg New Energy Finance and Chatham House – December 2009 «  Private financing of 

Renewable Energy : a guide for policy makers ».  
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This is particularly true, as mentioned above, for RDI investments. As such, PPPs convey a 
strong message to the private finance sector, demonstrating that the public support is 
ensured. 

Focus on the RSFF  

Launched in 2007, the Risk Sharing Financing Facility (RSFF), with a total of € 2 billion, 
financed by the EU & the EIB, can leverage up to € 10 Billion for higher risk financing. RSFF 
is a “risk-bearing instrument by which the EIB covers, through capital allocations and 
provisions, the risks it bears when lending directly or when guaranteeing loans made by 
intermediaries”. 41 

The RSFF is dedicated to public and private legal entities, financial intermediaries, as well 
as projects resulting from European research initiatives, like the JTIs.  

According to the European Commission, the EIB has signed by the end of 2008, 21 RSDD 
operations, comforting the “impressive start”42 of this new tool since its creation in 2007. 
The facility is expected to reach soon its budgetary limits. The RSFF is serving as a model 
for the establishment of other similar funds and mechanisms in the EU, such as the 
Marguerite Fund. The RSFF facility should be explored further as a solution to the probelsm 
found in financing the SET plan initiatives. Due to its loan nature, it could help finance the 
objectives of the platforms, also reducing some of the procedural difficulties of grant based 
financing mechanisms. 

Focus on the Marguerite Fund 

The 2020 Marguerite Fund is a pan-european fund for energy, climate change and 
infrastructure, launched in December 2008 by six of Europe’s leading financial public 
institutions, including the EIB.  

Marguerite is the first joint initiative of this nature, by its scope (greenfields projects) and 
by its approach, combining market-based principle of return to investors with the pursuit of 
public-policy objectives.  

The Fund is gathering several Europe’s financial public institutions, each committing to € 
100 Million to the fund43. The core sponsors are the EIB, the Caisse des Dépôts (France), 
the Cassa Depositi e Prestiti (Italy), the KfW (Germany), the Instituto de Crédito Oficial 
(Spain) and the PKO Bank Polski (Poland). The objective is to achieve a fund volume of € 
1.5 Billion for final closing by 2011 thanks to the contribution of other investors. The 
European Commission has notably joined the initiative during the initial fund raising round, 
closing on the 3rd of March 2010. At this date, the funds initially committed to Marguerite 
amount to over EUR 700 million.  

The EIB described the Marguerite fund, as the fund which “will provide equity or quasi 
equity to companies which own or operate infrastructure in the sectors of transport and 
energy ‘Trans-European Networks’, as well as renewable energy. The Fund is a long term 
investor (20 years) and is intended to be fully invested in four years. It will focus on asset 
creation (primarily greenfield investments).”44  

                                          
41  European Economic Recovery Plan 2010-2013: Risk-sharing Finance Facility (RSFF) Update 

http://ec.europa.eu/research/press/2009/pdf/ppprsff_en.pdf#view=fit&pagemode=none  
42 EIB Press Release 2007-095-EN of 27 September 2007 “Impressive start for new EC-EIB financial instrument: 
Risk Sharing Finance Facility (RSFF) contributes EUR 359 million to research and innovation, with strong focus on 
renewable energy technologies” 
43  EIB Press Release 2009-242-EN of 04 December 2009 “Europe’s leading public financial institutions launch 

“Marguerite”, the 2020 European Fund for Energy, Climate Change and Infrastructure” 
44  EIB Press Release 2009-242-EN, op cit 
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In parallel to the equity commitment, a debt financing initiative of € 5 billion has been 
established to support projects with debt capital at the level of the individual projects.45 

3.4.2. Incentivising adoption of low-carbon energy systems in companies 
through EIF, role model of public procurement 

The EU has developed mechanisms to incentivise the adoption of low-carbon energy 
systems, through the European Investment Fund (EIF) and through public procurement 
procedures, supporting in particular SMEs for the adoption and transfer of low carbon 
technologies to the market. 

The European Investment Fund (EIF) incentives 

The European Investment fund (EIF) is the European Union’s specialised financial body for 
SMEs, providing venture capital funding and guarantees to promote innovation and growth 
in Europe. The EIF is managing, on behalf of the European Commission, the financial 
instruments of the Competitiveness and Innovation Framework Programme (CIP), which 
aims to facilitate SMEs’ access to finance. The CIP financial instruments are supporting 
investments in technological development, innovation (including eco-innovation), 
technology transfer, and the cross border expansion of business activities. 

These financial instruments represent nearly one third of the total budget of the CIP, with a 
total budget of over € 1.1 billion for the period 2007-2013.46  

According to the Commission, this should leverage about € 30 billion of new finance for up 
to 400 000 SMEs in Europe. The CIP financial instruments have benefited to over 360 000 
SMEs with € 744 million finance under the previous framework programme.  

The EIF invests in funds or provides loan guarantees47 depending on the SME’s stage of 
development:  

• The high growth and innovative SME facility (GIF) is dedicated to the 
establishment and financing of SMES at their early stage (GIF 1) or in their expansion 
phase (GIF 2). The GIF has a catalytic role and provide venture capital for SMEs, in 
particular in the eco-innovation sector, which benefits from more than € 160 million of 
the overall facility budget. 

• The SME guarantee facility (SMEG) provides loan guarantees to encourage financial 
institutions to make more debt finance available to SMEs by reducing their exposure to 
risk. The guarantees are provided for loans or leasing, for microcredit, for equity and for 
securitisation structures.  

The table below provides a summary of the CIP financial instruments: 

                                          
45  EIB Frequently Asked Question, 15 March 2010 
46  CIP Financial Instruments, brochure developed by the European Commission 

http://ec.europa.eu/enterprise/newsroom/cf/document.cfm?action=display&doc_id=2822&userservice_id=1&r
equest.id=0  

47  CIP Financial Instruments, Op Cit.  
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Table 20: CIP Financial Instrument 

 

Source: CIP Financial Instrument Brochure, European Commission 

3.5. The additional role of the EU budget in promoting the spread 
of new technologies 
The budget on R&D is not the only EU budgetary instrument to promote the development 
and deployment of renewable energy technologies. The EU budget could be instrumental to 
create the right incentives and space for those technologies to spread.  

For renewable technologies to increase their share of energy supply in the European Union 
it is of central importance to complete the single market of energy, by ensuring cross 
border interconnectivity. In closed regions, without cross-border energy flows, energy 
sources compete for a reduced local market and fluctuations in energy from renewables 
require a high level of backup in power production capacity (see [Ummels 2009] on wind 
power). This limits the attractiveness of the deployment of large-scale renewable energy 
sources.  

This problem can be resolved largely by linking the EU regional power structures to 
high-voltage direct current (HVDC) lines, which allow long distance energy 
transportation with little loss.  

In this respect, the EU TEN-E funding and the Cohesion Fund can be of particular 
importance to finance those links which would not develop in the absence of support. 
Without EU intervention and some burden sharing, some member states do not have the 
incentives to participate in the development of interconnectivity, as the benefits are not 
spread equally among member states. The European Commission’s (DG Competition) 
enquiry into the energy market [European Commission 2008a] and many other energy 
sector studies48 have pinpointed the difficulties of creating a genuinely integrated energy 
market. 

The Cohesion policy could also play an important role. Especially in the new member states, 
the energy grid is out of date and requires upgrading. Through its cohesion and structural 
funds, the cohesion policy could promote the creation of low carbon zones and co-finance 
new interconnectors and smart grid systems with the involvement of national authorities 
and energy companies. It is important to take note of the potential synergies between the 
structural funds and the EIB funding mechanisms. There are investments which have 
successfully used a combination of grants by the EU and loans backed by the RSFF facility, 
e.g. CSP projects in Spain. 

                                          
48  See for example, Attiyas and Núñéz Ferrer (2008), Durant (2006), Egenhofer and Gialoglou (2006), Jamasb 

and Pollitt (2005), CPB (2006) or the national reports of the PIQUE FP7 project (Pond, 2006). 
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The present assistance for green energy still consists of single projects without a coherent 
strategy. The EU could help build highly effective and coordinated programmes. Those low 
carbon regions could form the basis for large scale testing and demonstration of new 
technologies, benefitting the regions where those are deployed and providing a real scale 
testing ground for companies. The creation of low carbon zones along with the 
transformation of energy and transport systems in poorer countries and regions will not 
only serve the SET Plan but also foster the creation of green jobs, as well as the 
development of a modern knowledge economy. It is an opportunity not to be missed.  

There is, however, a practical barrier, which is the need to reform the EU structural 
funds regulations to allow for such large scale strategies and also to improve 
radically the strategic planning and implementation capacity in member states. Many are ill 
prepared to handle such complex multiannual and highly integrated developments. The 
level of state participation and the in-depth collaboration needed among state departments, 
regional bodies, the research community, private business and wider civil society is for 
many administrations unprecedented. [Núñez Ferrer et al. 2009] 

A [CEETA 2005] analysis, in fact, detected that in a number of actions on renewable energy 
by the EU stryuctural funds, there was a lack of connection with energy efficiency, i.e. new, 
renewable energy systems may supply energy-inefficient houses or industries. If projects 
are not energy efficient, the benefits of increasing renewable energy will be partly eroded. 

The Community Strategic Guidelines for the structural and cohesion funds (Cohesion Policy) 
do mention the need for member states to promote investments in sustainable energy, 
transport and investments to contribute to the EU’s Kyoto commitments.  

Nevertheless, the guidelines were published in 2005, when climate change was not at the 
centre of policy development. The guidelines therefore do not give these actions the level of 
urgency or any precise obligation, as is the case for the Lisbon strategy, which benefits 
from earmarking and the requirement to prove the compatibility of programmes with this 
strategy.  

As far as actual regulations are concerned, the cohesion fund regulation49 allows the 
following investments under Art. 2, para. 1(b): “energy efficiency and renewable energy 
and, in the transport sector outside the Trans-European Networks, rail, river and sea 
transport, intermodal transport systems and their interoperability, management of road, 
sea and air traffic, clean urban transport and public transport”. 

At the outset, the incentives to use EU funding appropriately in this field were too weak. 
This was reflected in the programming documents, which were mainly oriented towards 
growth and fund absorption. Road infrastructure is, for example, one of the fastest ways to 
use EU funding.  

Climate change and energy efficiency nevertheless began to take centre stage in EU policy 
shortly after the start of the programming period. The political importance of emission 
reductions, the EU target reductions of 20-30% in 2020 and the introduction of the ETS are 
having an effect in changing the development objectives of countries, but these changes 
have to be patched into the existing structural fund strategies, which will likely result in 
more inefficient and less effective outcomes.  

                                          
49  See Council Regulation (EC) No. 1084/2006 of 11 July 2006 establishing a Cohesion Fund and repealing 

Regulation (EC) No. 1164/94, OJ L 210/79, 31.7.2006. 
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The efforts are considered insufficient in a number of reports, particularly for energy 
efficiency and renewable energy. Concern has been raised by two studies50 that have 
analysed the level of allocated expenditures for the new member states for the 
programming period 2007–13. But according to European Commission figures, their 
performance is not worse than that of many of the ‘old’ member states. Table 21 shows the 
shares of funds allocated to energy efficiency and renewables in the convergence regions51 
of the EU.  

Table 21: EU funds allocated to energy efficiency and renewables in convergence 
regions within the member states 

Member state 
% share of 
funds 

Member state 
% share of 
funds 

Bulgaria 2.9 Lithuania 6 

Czech Republic 4.5 Malta 4 

Germany 1.5 Poland 1.8 

Spain 0.7 Portugal 1.1 

Estonia 2.1 Romania 2.3 

Greece  1.8 Slovak Republic 1.5 

Hungary 1.5 Slovenia 3.9 

Italy 6.6 UK 3.7 

Latvia 2.8 – – 

Source: DG for Regional Policy 

Looking at the EU budget interventions is a very biased way to observe the commitment of 
member states to climate change actions. EU interventions have not been designed 
primarily to target climate change, and national actions are more important in this field. 
National schemes based on other forms of intervention, through subsidies, regulation or 
fiscal incentives, play the leading role. Countries are also adapting their actions during the 
programming period, which means that over time there should be some movement in the 
line of shifting investments towards climate change compared with the original operational 
programmes. 

Neverthelss, an analysis of state aids in the EU performed by [Núñez Ferrer et al. 2009] 
shows that while the EU as a whole has increased the level of state aids to energy and the 
environment away from sectoral aids (Figure 34), this is not the case in several old (Figure 
35) and in the new (Figure 36) member states, where this is practically absent. If the EU 
budget focuses its support to the development of low carbon economies, this will have an 
impact on national policies and budgets, as well as the behaviour of the private sector, and 
in fact generate better future economic impacts on the regions as mentioned earlier. The 
future deployment across regions of new energy technologies could be 
determined strongly by EU funding rules and procurement policies. The role of the 
EU budget is crucial to promote the spread of new energy systems. 

                                          
50  See WWF and German Federal Ministry of Environment, Nature Conservation and Nuclear Safety (2007) and 

CEE Bankwatch Network and Friends of the Earth (2007). 
51  Convergence regions are those with a per-capita average GDP under 75% of the EU average, i.e. under 

Objective 1 of the structural funds. 
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Figure 34: Share of state aid for horizontal priorities in the environment and 
energy sectors (EU-27) 
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Figure 35: State aid priorities in 2007 in France, Greece, Italy, Ireland, Spain and 
Portugal, compared with the EU average 
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Figure 36: Share of state aid for horizontal priorities in the environment and 
energy sectors, new member states (EU-12) 
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Source: The European Commission’s state aid scoreboard (retrieved from 
http://ec.europa.eu/comm/competition/state_aid/studies_reports/stat_tables.html). 

Despite the somewhat increased presence of positive news on the priorities of the cohesion 
funds, the 2007–13 programming period still treats energy efficiency and renewables as a 
fringe issue, as it was not at the centre of programme development. This needs to change. 
The EU needs to place renewable energy and energy efficiency at the centre of its 
programmes and influence the policy orientation of those countries which are not 
investing in those technologies. 

3.6. The role model of public procurement  
Public procurement is a process whereby public authorities seek to purchase goods, 
services and works using public funds. It covers a wide range of sectors, from construction 
to transport or energy, which may have a high environmental impact. The potential for 
green public procurement (GPP) was first highlighted at the European level by the 
Commission in a 2003 Communication on Integrated product policy52.  

GPP is defined as “a process whereby public authorities seek to procure goods, services and 
works with a reduced environmental impact throughout their life cycle when compared to 
goods, services and works with the same primary function that would otherwise be 
procured”53. 

The contribution of GPP in incentivising the adoption of low carbon technologies 
can be significant. Firstly, GPP can act as an effective policy instrument to encourage & 
stimulate public authorities in “buying green” and therefore improve the overall 
environmental conditions.  
                                          
52  COM (2003) 302 Final of 18 June 2003 - Communication from the Commission on Integrated product policy: 

building on environmental life-cycle thinking.  
53  COM (2008) 400 Final of 16 July 2008 – Communication from the Commission on Public procurement for a 

better environment.  

IP/A/ITRE/ST/2009-11 & 12 107                                                     PE 440.278

http://ec.europa.eu/comm/competition/state_aid/studies_reports/stat_tables.html�


Policy Department A: Economic and Scientific Policy  

____________________________________________________________________________________________ 

 

According to the Commission, “public procurement can shape production and consumption 
trends and a significant demand from public authorities for ‘greener’ goods will create 
enlarge markets for environmentally friendly products and services.”54 Secondly and as 
consequence of the “buying green” attitude, GPP can act as an effective incentive to 
stimulate innovation and encourage companies to develop low carbon technologies, 
therefore “kick-starting” new markets for eco-innovative goods, services and processes. 

To ensure the full realisation of GPP potential, the Commission has proposed a series of 
action in its Communication on public procurement for a better environment55, encouraging 
in particular 

• Dissemination and guidance activities to increase the political support for GPP and 
promote its implementation 

• Identification and development of harmonised GPP criteria to assess the 
environmental performance of a product 

• Identification of lead markets and use of GPP to foster the development and market 
take up of low carbon technologies.  

• Future role of EU ETS and options to improve it. Other financing mechanisms, 
including restructuring of taxation and state aid systems 

• The EU procurement rules should integrate requirements for energy efficiency and 
the appropriate low carbon technologies and materials. With climate change and 
energy objectives at the core of EU policy, public procurement rules, in particular for 
EU financed projects should include mandatory requirements in this respect. 

                                          
54  COM (2008) 400 Final, Op cit. 
55  COM (2008) 400 Final, Op cit. 
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4. Conclusions and Recommendations 

4.1. Energy markets and barriers 

4.1.1. Status, markets and industry structures 
Among all renewable energies, bioenergies are most advanced in terms of technology 
ripeness and market deployment. In Europe, biomass for bioenergy is exploited to some 
40-75% already for it has been traditionally used. Different biomass uses are on the brink 
of competing against each other (e.g. scrap wood for plywood, residential wood heaters, or 
wood pellets, etc.). However, at the end of the day, talking about biomass is talking about 
resource use (like land, water, nutrients) and ultimately resource competition as the 
potential of wastes and residues is limited. Algae as feedstock for bioenergetic uses have 
not been part of this analysis, there are indications that they add to the resource 
competition of bioenergy. Technology performance of algae remains to be validated at 
larger scales. 

Photovoltaic applications are the most diversified, ranging from portable power (consumer 
electronics, etc.) to residential roof-top, building-integrated and even freeland PV systems. 
While spin-offs and SMEs have been the technological innovation driver in the field, 
established companies are entering the market, which is a clear sign for a stage of 
technology and market maturity reached. 

Offshore wind is like the “2nd generation” of wind energy technology. In order to address 
this market, large-scale financing is needed, which is a natural fit with established larger 
companies that have started offshore ventures. 

Concentrating solar power consists of “hands-on” hardware elements with a 
conventional steam power generation part. CSP has a long track record of R&D and 
demonstration. Now the time is ripe for the CSP market to lift-off in the southern parts of 
Europe as well as any region in the earth’s “sunbelt”.  

Electricity-based renewable energies exploiting the largest natural resources available in 
Europe, namely solar and wind, these technologies nevertheless tend to be underestimated 
vis-à-vis the limited feedstock bioenergy and geological availability of geothermal energy. 
Especially with solar power (PV and CSP), these long-term backbones of the future 
European and global energy landscape have been given insufficient support to pass the 
“death-valley of poor economics”, despite pioneering countries like Germany and Japan. 

Supporting innovation of renewable energies should address especially those energy 
technologies and associated infrastructures that are most promising in the long-term. 
Where lead-times are long and engagement is risky, commercial interests are typically 
lowest. The changes required by limited resource availabilities and increasing 
environmental burdens in the energy landscape in the course of the next 10+ years will be 
great. Price signals will not fully anticipate these changes early enough to allow for a 
smooth transition. To compensate for this market failure is the very role for politics to play. 

4.1.2. R&D financing and investment needs 
Data on public R&D budgets are very difficult to find. There is a lack of information 
reporting and coordination between Member States, which should be resolved. 

Low R&D investment in Europe is structural and not specific to the energy sector.  
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Renewable energy technologies (and especially the new generation) are penalized by 
high risk, high uncertainty, long lead-time and by the fact that they are inherently 
capital-intensive. In this context, the role of public authorities is to support part of the 
risk by providing adequate levels of R&D funding and to ensure a stable political and 
regulatory environment (avoid stop-and-go). 

Public and private R&D investment in renewables are almost exclusively concentrated on a 
very limited number of Member States, mainly Germany, France, Italy, UK, Denmark, 
Spain, the Netherlands, Belgium, Sweden, Finland and Austria.  

In Europe, public and private R&D spending is largely insufficient. 

R&D budget should be increased in line with the respective Strategic Research 
Agenda (SRA) of each technological segment (when available). In particular: 

• For wind: EU budget will be short of €1 billion between 2006 and 2020, i.e. €450 
million during the FP7 period. It needs to go from €11million to €72 million on a 
yearly basis. Member States and corporate budgets are in line with the SRA. 

• For solar: public and private funding should be multiplied by around 3. €6.6 billion 
will be needed for the period 2009-2013, 55% coming from the industry and 45% 
from the public sector. For biofuels (not exactly bioenergy): between €300 and 600 
million per year are needed. 

• For bioenergy in general: no detailed information found on investment needs but it 
is clear that high levels of public spending are expected by the sector. A Strategic 
Research Agenda is coming this year for heating applications. 

• For geothermal: A minimum of €31.5 million of R&D expenditure per year is 
needed for the period 2008-2030. An additional €750 million to €1 billion coming 
from public and private sources (through innovative mechanisms like PPP and 
grants) is needed for 15 and 20 EGS demonstration plants. 

• For marine energy: no detailed information found on investment needs but it is 
clear that high levels of public spending are expected by the sector. A technology 
roadmap is coming soon. 

The role of public money should be to support mid-to long-term research projects that are 
not going to be immediately exploitable by the private sector in terms of commercialization. 

4.1.3. Barriers 
There are several dimensions to the discussion of barriers inhibiting innovation in research, 
development, demonstration and deployment of renewable energy technologies. While 
there are technology specific ones, many can be regarded cross-cutting topics affecting all 
energy technologies to varying extend. Cross-cutting barriers include but are not limited to  

• R&D and project financing issues; 

• Acceptance and approval; 

• Infrastructure and planning; 

• Support instruments; and 

• General mind set. 

A rising barrier on the road to energy technology innovation is early-stage financing, 
especially (but not limited to) the photovoltaics sector.  
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It is to be debated whether the European level is the right framework to address this issue, 
i.e. through fast-track / low-burden processes in the EU Framework Programme for 
Research or a dedicated renewable energy technology innovation fund. 

The major barrier with bioenergy is its limited availability 

Achieving the 10% biofuels goal for 2020 of the EU requires either importing 
biofuels or going significantly beyond 10% of the arable land in EU 27 for energy 
crops. This limitation needs to be appropriately acknowledged whenever development 
strategies and quantitative goals are formulated. 

A barrier to the development and deployment of renewable energies is the general mind 
set of policy makers, investors, and not least scientists. Bioenergies tend to be 
overestimated, while electricity-based renewable energies tend to be underestimated. 
Short-term considerations often win over long-term aspects and needs. 

Beside the usual challenges attributed with the adaptation of onshore wind energy to the 
offshore operating conditions, offshore wind energy is most vulnerable to the availability 
of coastal grid access and ‘hinterland’ transport capacity. 

Addressing the potentially huge markets for photovoltaics in so-called developing and 
threshold countries is difficult. There is a lack of knowledge and institutional capacity to 
develop appropriate mechanisms, both on the supply as well as on the demand side. 

Similar to offshore wind energy, concentrated solar power (CSP) requires sufficient 
power transmission capacities, ideally to complement the South and North bias between 
CSP and offshore wind respectively. 

Biogas is lacking financial incentives and administrative regulation for feeding it into the 
natural gas grid. 

Subject to general technology validation, a regulatory framework is needed for Europe prior 
to the deployment of ocean energy, e.g. in order to ensure co-existence with seaways. 

Deployment of geothermal power is mostly hampered by the high exploration risks. 
These can be mitigated through the public provision of measurement regimes and 
insurance or risk fund concepts. 

Acceptance of geothermal technology as a whole is in danger if earthquakes from hot dry 
rock developments repeat. More careful planning and geological intelligence is needed 
here. 

4.1.4. National best practices  
There are direct (subsidies, etc.) and indirect instruments (taxes, research programmes, 
etc.) to support the research, development, demonstration and deployment of renewable 
energies. The optimal mix depends on the technology ripeness, target market and policy 
objective(s) to be achieved. 

As an example for an indirect instrument, the European Framework Programme (FP) 
for Research (as a complement to national R&D Programmes) is a model for international 
collaboration on R&D. Despite all the hopes and lip services paid, it’s mostly established, 
larger companies and academia that benefit most from it. However, innovation often stems 
from spin-offs and SMEs with limited financial and personal capacities to manage 
(otherwise justifiable) EU administration processes. It is high time to either acknowledge the 
realities and to start discussing solutions tailored to SMEs or to drop the claim of SME 
participation on EU level. 
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The most comprehensive and effective instrument of supporting renewable energy 
technology deployment is the Feed-in-Tariff (FIT) as the case of Germany shows that has 
become a role model for dozens of renewable energy support schemes worldwide. This 
instrument needs to be followed continuously in order to gain from its benefits over 
certificates, i.e. avoiding “boom & bust” or “on & off” waves of support, interest and thus 
stakeholder engagement. The instrument provides a reliable framework for investments 
and can be fine-tuned as technology and markets develop. 

Examples for two successful French instruments are the Research Demonstration Fund 
(direct instrument) and the Crédit Impôt Recherche (indirect instrument). 

4.2. EU policy 

4.2.1. Energy regulatory policy 
The core elements of the energy and climate change package are the revised EU Emissions 
Trading System, in combination with the effort-sharing decision, and the directive for the 
promotion of renewable energy sources. Although it could be argued that with the EU ETS 
in operation, the effectiveness of all other policies to reduce CO2 emissions of the 
participating sectors becomes zero, there are some key systemic characteristics of the EU 
ETS as well as several other key benefits of renewable energy sources that warrant their 
continued support. These benefits include, amongst others, improvements in the security of 
supply, a reduction of the long-term price volatility the EU is subject to as a result of its 
dependence on imported fossil fuels, as well as increases in the competitiveness of EU 
energy technology industry. Similarly, expected effects of national RES policies should have 
been taken into account by member states when the aggregate EU ETS cap was defined. 
All in all, there is a case for continued support to renewables, however, a common 
European support scheme should be considered replacing the different national 
schemes currently in place. This will accommodate internal market concerns and will 
increase the efficiency of renewable energy sources in Europe. 

In terms of renewables in the context of the Second Strategic Energy Review, the 
Commission intends to develop the Southern Mediterranean solar and wind energy 
potential, as well as offshore wind in the North Sea. This is in line with its strategy to 
develop indigenous energy production to decrease dependence on imported fossil fuels. 
However, a European approach to such large-scale renewable energy sources requires a 
pan-European smart grid (i.e. “super grid”), which can bring electricity from 
renewables to where it is needed over long distances and which can balance the natural 
variability of renewables on a European scale. This needs to be a priority for Europe and 
the European Economic Recovery Plan shows that EU spending on infrastructure projects is 
possible. 

The third internal energy market package has been designed to ensure that 
internal electricity and gas markets operate smoothly in the future. This has been 
done in the belief that a well-functioning internal market in electricity should provide 
producers with the appropriate incentives for investing in new power generation, including 
in electricity from renewable energy sources. The internal market package thus aims to 
reduce barriers for renewables and to facilitate access of electricity from renewables to the 
network. Similarly, it encourages the long-term modernisation of electricity grids and 
provides the environment for the implementation of smart grids across Europe in view of 
supporting decentralised and small-scale generation and energy efficiency. In terms of 
unbundling, the package could have gone further to include unbundling at the DSO 
level.  
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This may be beneficial in situations where vertically integrated DSOs try to make switching 
procedures more difficult and where they have a disincentive to make markets more 
transparent by introducing smart metering. Similarly, very small generation sites directly 
connected to the distribution network (i.e. distributed generation) will benefit from 
unbundling at the distribution level. 

Most importantly, there needs to be legal certainty for investments in electricity 
generation from renewable energy sources. This also needs to address regulatory 
frameworks for interconnectors and offshore transmission, which vary greatly from 
country to country. Putting in place proper incentives for investments in the grid, including 
in interconnections, will also require shortened and streamlined permitting processes. 

With sufficient interconnections and infrastructure in place, it will be time for EU member 
states to reconsider their national approach to renewables support schemes. Policy 
harmonisation will be beneficial for reasons of productivity, cost effectiveness, cross-border 
externalities or economies of scale. In a well-functioning internal European electricity 
market, support schemes should incentivise investments in the most cost effective 
locations (e.g. Mediterranean for solar power and coastal northern Europe for wind power). 
Currently, however, investments in renewable energy sources aim for maximum subsidies, 
which lead to a sub-optimal allocation of investments into less productive and more costly 
regions. Hence, different levels of support schemes may distort investment decisions and 
provide incentives for gaming. Harmonisation of the level of support would reduce 
incentives for gaming. There may be no need to have a uniform system across the EU for 
all technologies. But the same technologies should fall under a support mechanism to be 
agreed upon by all member states. There is also a need for the creation of an EU-wide 
regulatory framework for support. While many aspects will remain the responsibility of the 
member states, such as permitting and more generally the administration, the 
implementation of renewables support policy will need to be undertaken within a 
common EU framework. Different elements of this framework can be developed within 
different timeframes. 

4.2.2. EU R&D strategy and financial support for R&D 
The idea of using the EU budget or the EIB to contribute significantly to R&D in Europe is 
rather novel. Research and Development as a public policy for promoting growth at 
European level has not been an issue until the appearance of the Lisbon Strategy for 
Growth and Jobs in 2000.  

With the Lisbon Agenda for jobs and growths, fostering innovation has become a key 
objective of the EU. This central position of R&D at EU level is allowing the rather 
modest R&D budget to increase in size and relevance, and the formerly lose policy on R&D 
to take central stage and develop into a fully fledged EU policy.  

For renewable energy, the key policy element is the Strategic Energy Technology Plan 
(SET-Plan) which outlines an ambitious strategy for a coordinated and well funded research 
effort across the EU in the field of non-fossil fuel energy. It is based on the creation of 
several new institions and the expansion of public private partnerships with industry and 
academia. 

The EU with the SET-Plan has set up a new roadmap for technology development in 
the energy sector. Although the Framework Programmes have helped developing cross 
border cooperation, the lack of appropriate instruments to ensure the effectiveness and a 
follow up of projects has been reducing the effectiveness of the EU’s R&D policy.  
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This roadmap tries to address the following weaknesses of the Framework 
Programmes: 

• Excessive bureaucratic burden  

• Lack of participation by the private sector 

• Lack of coordination and follow of research undertaken in the EU 

The SET-Plan presents an ambitious integrated approach to research and development 
improving the focus and the transformation of results into actual demonstration 
technologies and later into commercial products.  

The SET-Plan requires a generous level of financing, and the Commission estimates that 
the resources needed for the SET-Plan should be around €50 billion over the next 10 
years. The sources of this founding still need to be decided, but are a mix of EU, national, 
public and private sources. 

Nevertheless, the SET-Plan is only presenting a set of ambitions with a large list of 
unresolved issues and inherent weaknesses. The first incognito is how the level of 
financing required will be achieved. The SET-Plan requires substantial resources at 
European level at a junction where member states are reluctant to increase the financing of 
the European budget. The expectation that the private sector will finance the brunt of the 
increase is questionable unless incentives are really strong. 

Other weaknesses are based on the existing framework programme evaluations, which 
identify important inefficiencies in the regulations and bureaucratic structures which 
govern the financial mechanisms and the functioning of the European institutions.  

The financial regulations of the EU treat research funding in the same fashion as normal 
procurement policy which is unfit for the risk level required for the research into new 
technologies. Generally, the financial procedures are built on risk averseness and rigid 
procedures. There is a need to find new avenues using methods which are from the one 
side much more results driven, but from the other side more flexible, mirroring to a certain 
extent the mechanisms of venture capital systems. 

From the side of industry, one of the major barriers for their participation in projects are 
the rules on patents and licensing. One major complaint is the use of a single licence for 
the final product which makes components of the final products by different producers 
interdependent. One of the major drawbacks for any company is seeing their contribution 
lost or delayed because of another partner’s problems affecting the completion of the 
project.  

Another complaint from the research and the industry side is the politisation and 
bureaucratic interference by the European Commission on the objectives and 
processes of the European Technology Platforms, which may well be repeated in the 
European Industrial Initiatives. There is a need to review the architecture taking into 
consideration the needs of the stakeholders, as these are the ones which ultimately will 
have to deliver, rather than trying to ensure that the structure covers the wishes and 
bureaucratic structures of the European Commission. The Commission’s responses to the 
evaluatios have downplayed the importance of this last criticism, but with resources 
multiplying and with expectations increasing that the private sector will also increase its 
expenditure on R&D, unresolved governance and regulatory issues can strongly 
damage the whole process. 

Finally, there is the thorny issue of financing the whole process. Research and Development 
and the move towards a low carbon economy are priorities of major importance for the EU 
strategically, be it for economic, environmental or security reasons. 
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The central instrument which the EU possesses to finance this endeavour, namely the EU 
budget, is not in a condition to increase such funding. This is due to its inefficiencies, the 
encroached interests of specific groups and the reluctance of member states to 
allow it to reach the ceiling of 1.24% GNI, despite there is theoretically a margin available 
of €28 billion, or 0.24% of EU GNI. 

It is thus necessary to review the options for the funding of the R&D efforts. Basically the 
options open are to increase the size of the EU budget, to redistribute amongst 
headings and priorities, and if possible, link the expenditures on climate related issues, 
such as R&D for the SET-Plan or external action for adaptation to a tax levied on 
emissions. This can be the ETS or a new fuel tax. The ETS also fulfils very closely the 
criteria of the EU budget for own resources, but it is still collected and used domestically 
which is not correct from an allocation efficiency point of view, especially if funds are to be 
used to curb emissions or for adaptation. A fuel tax could also be envisaged. This could be 
a good candidate as a new resource in theory, but which may result to be too controversial 
due to its regressiveness as poorer member states are also more energy intensive. Those 
revenues would require a reform of the Own Resources, which would only happen for 
the next Financial Perspective starting in 2014, requiring some intermediate solution until 
then, but an own resource reform is long overdue and this could be one of the elements. 

4.2.3. From R&D to deployment of new technologies 
The EU budget and the EIB have the potential to assist in the deployment of new 
technologies. In fact, a lot could be gained from a better coordination between the 
numerous initiatives, funds and the R&D efforts under the SET-Plan. There is, however, a 
very strong case to reform considerably the EU budget operations, in particular those for 
the structural funds. Not only those are still not integrating appropriately the climate 
considerations in the programmes, but they are not strategically structured. 

It would be very important to incorporate the necessary tools into the European Union 
Cohesion Policy the potential to devise integrated strategies, allowing for example the 
deployment of new technologies at regional level with the structural funds providing 
assistance for the necessary infrastructure. This would allow regions under the EU’s 
convergence programme to develop into low carbon economies and be a showcase 
for new technologies. For many of the regions, the opportunity costs of replacing energy 
systems and testing new technologies are lower, due to the existing need to modernise 
their infrastructures.  

Similarly, the rural development policy should facilitate the deployment of new bioenergy 
technologies. 

For the moment the use of EU funds for integrated regional low carbon strategies is 
inexistent, but could be very important. It requires, however, regions able to develop such 
strategies and willing to accept a considerable and complex process of change. 

Another central need is the completion of the single market for energy, i.e. create the 
interconnectivity necessary to ensure that Europe has an integrated grid. As the share of 
renewable energies increases, the only way to manage efficiently the fluctuation in energy 
supply is by having a large grid in Europe. Without a large grid the benefits of renewable 
energy are partly lost due to the need of backup energy. According to studies in the area, 
offshore wind farms and large solar installations in the south need to be linked by HVDC 
lines to counterbalance the different supply fluctuations and also to send excess energy to 
areas of demand. There is a need for the EU to promote the building of the necessary 
interconnectors, and for this the EU TEN-E funding may be required.  

IP/A/ITRE/ST/2009-11 & 12 115                                                     PE 440.278



Policy Department A: Economic and Scientific Policy  

____________________________________________________________________________________________ 

 

The potential of new renewable technologies will not be realised without the grid and 
decisions on where to deploy or test those technologies may also be suboptimal without the 
appropriate infrastructures. 

In addition to the funding by the EU budget, the EIB has facilities that are being offered to 
deploy renewable energy systems. As a banking institution, it does not fund grants for 
research into new long term future technologies, but is able to provide loans at competitive 
interest rates for projects which have a considerable risk factor and would not be funded by 
private financial institutions. These are for example the loans or guarantees mechanisms 
provided through the Risk Sharing Financing Facility (RSFF) or the Marguerite fund. 
Those funds could be of particular importance at the point of the deployment of new 
technologies where there is still a risk factor on their profitability. 

The EU also lends to SMEs which undertake R&D operations through its European 
Investment Fund (EIF) facility. The EIF supports the EU’s competitiveness and 
innovation programme for investments in technological development, innovation (including 
eco-innovation), technology transfer, and the cross border expansion of business activities. 
It is venture capital to promote research and development, but this funding is not limited to 
the area of energy. Nevertheless, the EIF can be used to incentivise the development 
and adoption of low carbon technologies. 

There is a need over the next two years, before the next financial perspectives are 
negotiated, to develop clear policy lines for EU funding, how to “climate proof” 
interventions so they are in line with EU objectives, and how to ensure that there is a 
continuous feedback between the technological development in the SET-Plan and the 
deployment through the different EU support mechanisms. This report also pinpoints the 
need of green procurement as an important driver in this respect. 
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ANNEX 
OTEC 

Ocean thermal energy conversion (OTEC) uses the temperature difference between deep 
and surface water. OTEC plants can be distinguished into two concepts: 

• Closed cycle: the heat is transferred to a medium (e.g. NH3) which circulates in a 
closed loop. 

• Open cycle: the warm water is vaporized, fed into a steam turbine and condensed. 

Closed cycle OTEC uses warm seawater to vaporize a low-boiling-point liquid (e.g., 
ammonia, propane) that drives a turbine to generate electricity. The vapor is cooled and 
condensed back to a liquid by cold seawater at depth, and the cycle repeats. Open cycle 
OTEC vaporizes warm seawater by lowering the pressure and uses the resulting steam to 
drive a turbine. Much like closed-cycle OTEC, cold seawater condenses the vapor after it 
leaves the turbine in an open-cycle system.  

Besides electricity open cycle OTEC plants can generate desalinated water for the supply of 
drinking water. Figure 37 shows a typical layout for an open cycle OTEC plant including 
water desalination.  

Figure 37: Process scheme of ocean thermal energy conversion (OTEC) 
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Source: [Vega 1999] 

Finally, the hybrid design uses steam from boiled seawater to vaporize a low-boiling-point 
liquid, which then drives a turbine. Ocean thermal energy conversion (OTEC) plants can be 
built either on onshore or on offshore floating platforms or ships. If located onshore, the 
OTEC development could be used not only to generate electricity, but also to provide co-
products such as desalinised water, coldwater for air conditioning, aquaculture and 
agriculture.  
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Costs and lifespan 

Until now only a few OTEC plants have been built. In 1993 to 1998 a land based open cycle 
OTEC plant was in operation in Hawaii. The highest gross electricity output was 255 kW 
with a corresponding net electricity output of 103 kW. Additionally 0.4 l/s of desalinated 
water were produced. The turbine-generator was designed for an output of 210 kW for 
26°C warm surface water and a deep water temperature of 6°C. For an OTEC plant with an 
electricity output of 1.126 MW the investment per kW of installed capacity ranges between 
18,000 and 26,000 US$. For an OTEC plant with an electricity output of 10 MWe the 
investment is indicated with 11,000 to 15,000 US$ per kWe [Vega 1999].  

Forseen developments and research areas 

To accelerate the development of OTEC systems, researchers need to: 

• Obtain data on OTEC plant operation with appropriately sized demonstration plants 

• Develop and characterize cold-water pipe technology and create a database of 
information on materials, design, deployment, and installation 

• Conduct further research on the heat exchanger systems to improve heat transfer 
performance and decrease costs 

• Conduct research in the areas of innovative turbine concepts for the large machines 
required for open-cycle systems 

• Identify and evaluate advanced concepts for ocean thermal energy extraction 

Energy effiency and lifespan 

The temperature of the deep water ranges between 4°C and 8°C. At a temperature 
difference of about 18 to 22°C an efficiency of approximately 3% can be archieved. 
Therefore a large water flow is required.  

There is a large water flow which might influence the ecology of the sea. A sustained flow 
of cold, nutrient-rich, bacteria-free deep ocean water could lead to sea surface temperature 
anomalies and biostimulation if resident times in the mixed layer and euphotic zone 
respectively are long enough. The euphotic zone is the upper layer of the ocean in which 
there is sufficient light for photosynthesis. This has been taken to mean the one percent-
light-penetration depth (e.g. 120 m in Hawaiian waters). This is unduly conservative 
because most biological activity requires radiation levels of at least 10% of the sea surface 
value. Since light intensity decreases exponentially with depth the critical 10 percent-light-
penetration depth corresponds to 60 m in Hawaiian waters. The analysis of specific OTEC 
designs indicate that mixed seawater returned to depths of 60 m results in a dilution 
coefficient of 4 (i.e. 1 part OTEC effluent is mixed with 3 parts of ambient water) and 
equilibrium (neutral buoyancy) depths below the mixed layer throughout a year. This water 
return depth also provides the vertical separation from warm water intake at about 20 m 
required to avoid reingestion to the OTEC plant. This value will vary as a function of ocean 
current conditions. It follows that the marine food web should be minimally affected and 
that persistent sea surface temperature anomalies should not be induced [Vega 1999]. 

Estimated potential and their EU deployment 

The minimum temperature difference amounts to about 22°C. The temperature of the deep 
water ranges between 4°C and 8°C. The temperature of the surface water depends on the 
region. The temperature of surface water in Cyprus (a location with relatively high 
temperatures in the EU) ranges between 16°C (January) and 28°C (June) leading to a 
temperature difference of 12°C (January) to 20°C (summer). Therefore, OTEC probably 
play only a minor (or even zero) role for the electricity generation in the EU. 
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PART 2 : CONTRIBUTIONS TO EP ITRE WORKSHOP OF 12 
APRIL 2010 

WORKSHOP AGENDA 
15:00 Welcome and opening:  MEP Claude TURMES 

15:10 Potential of emerging renewables, markets and barriers 
 Presentation of main elements of the European Parliament's expertise study 
 Mr. Matthias Altman, Senior Consultant, Ludwig-Bölkow-Systemtechnik (LBST) 

 15:25 Questions & answers session 

15:40 Fostering R&D for renewable energies - the role of the EU through its 
financial instruments 

 Presentation of main elements of the European Parliament's expertise study 
 Mr. Jorge Nunez, Associate Research Fellow, Centre for European Policy Studies 

 15:55 Questions & answers session 

16:10 Experience with EU Research and innovation policies (FP7 - CIP)  
Perspectives of EU research and innovation policy, from FP7/CIP to PPPs and 
European Industrial Initiatives: objectives, governance and evaluation. 
Dr. Keith Melton, President of EUREC, Renewable energy research centres  

 16:25 Questions & answers session 

16:40 Supporting regional and local initiatives (SF) 
Regulatory, technical and other barriers for deployment. Role of cohesion policies 
and structural funds (SF) and possible synergies with R&I policies. 
Ms. Christiane Egger, Vice-President of FEDARENE, Regional Energy and 
Environment Agencies 

 16:55 Questions & answers session 

17:10 Assessment of EU and MS policies for supporting emerging RES 
technologies 
Dr. Karsten Neuhoff, Research Director of Climate policy impact and industry 
response, German Institute for Economic Research (DIW) 

 17:25 Questions & answers session 

17:40 General discussion with MEPs and interventions 
 
18:00 End workshops 
 

More information on the workshop and the expert's presentations can be found here: 
http://www.europarl.europa.eu/activities/committees/hearingsCom.do?language=EN&body
=ITRE 
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NOTE 1: EXPERIENCE WITH EU RESEARCH & INNOVATION 
POLICIES 
By Greg Arrowsmith - Policy officer of EUREC Agency EEIG (www.eurec.be) 

1. Obstacles and drivers for the development and the 
deplotement of emerging RES technologies 

KEY FINDINGS 

• A distinction can be made between bankable and non-bankable technologies. 
Bankable technologies are driven by “industrial policy”. 

• The fundamental obstacle is money. Generally speaking, making a case for more 
money for R&D in a particular area is something that politicians can find difficult. It 
is much easier to push for existing resources to be used more efficiently. 

1.1. What are “emerging technologies” 
“Emerging technologies” can mean different things to different people. Professionals in the 
renewable energy industry would regard technologies that exist only in the laboratory and 
that are 10 years or more from large-scale production as “emerging” (for example, organic 
photovoltaic solar cells or myriad forms of wave energy device), while those outside the 
industry who characterise fossil and nuclear energy as “conventional” forms of generation, 
might consider even a 120 W crystalline silicon photovoltaic module as “emerging”, 
although it is a readily available product. This paper therefore covers the obstacles and 
drivers that affect both the development and deployment of renewable energy technology 
that can be ordered from a catalogue and which, in a particular market context56, is almost 
certain to operate profitably (“bankable technology”), and technologies that are not yet at 
that stage. An awareness of a technology’s “readiness” is crucial for actors in a position to 
assist its development to decide on the best way to support it. A pseudo-quantitative way 
to describe readiness is with a value between 1 and 9, where 8 and 9 represent bankable 
technologies. Technology Readiness Levels are used in figure 1 and are covered in more 
detail in 3.2. 

A discussion on the value and place of “blue skies research” (research performed to deepen 
humanity’s understanding of nature, with no particular application in mind) is out of the 
scope of this report. We pick up the story at the stage where the potential application of 
some knowledge in a future product, capable of increasing its performance in some useful 
way, has been identified. This is “applied research”. 

Terminology: 

A technology can be described as bankable or non-bankable (and perhaps assigned a 
particular Technology Readiness Level – see part 3). A research or demonstration project 
can be described as having a high or low risk of failure (in one dimension) and of having a 
high or low potential to improve the technology’s performance (in another). 

                                          
56 Meaning supported by local market support schemes (if necessary), like feed-in tariffs 
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1.2. Drivers and obstacles 

1.2.1. Drivers 

1.2.1.1. Non-bankable technology 
The public sector is generally the source of funding for this kind of technology because the 
private sector deems the financial return it could make from an investment in it too 
uncertain. At the micro-level, the key driver for the scientists who work on them is most 
likely to be their intellectual curiosity and the self-motivation that they – or a relatively 
small team that they work closely with – possess. They might also be motivated by the 
chance to gain the respect of their peers by reporting their findings in a journal or at a 
conference. At the macro-level, the driver is a country’s belief that investing in the research 
and demonstration of renewable energy technologies that are at an early stage will 
ultimately create an industrial base that makes the country attractive for investment in that 
area. 

1.2.1.2. Bankable technology 
A bankable technology, by definition, requires an industry to have built up around that 
technology. Both public sector researchers and those from industry work on the technology, 
with public sector researchers in general carrying out work with a higher risk of failure than 
that of their colleagues in industry. The micro-level motivations of public sector researchers 
were described in 1.2.1.1. Industry researchers, whose know-how could be vital to their 
company’s strategy and whose insights therefore need to be kept from their competitors, 
might be incentivised by a financial reward if the idea that they pursue ultimately turns a 
profit for their employer. At the macro-level, the driver, like before, is “industrial policy”. If 
a domestic market in the technology requires an element of temporary subsidy, whether 
from taxpayers or energy consumers, then the hope is that a) this is partially offset by the 
tax paid by the new companies on their profits, and on the salaries of their staff b) a bigger 
prize awaits: the chance to create an export industry that will make money across the 
world. 

1.2.2. Obstacles 
In a well-functioning market economy with a relatively adaptable and skilled workforce, the 
fundamental constraint on the amount of R&D that can be done and on its quality is the 
amount of money spent. For non-bankable technologies, no market exists, so quantity and 
quality are determined by the spending of governments or other bodies. 

Given the absence of market signals, for non-bankable technology development, 
governments have to reach top-down decisions by consulting experts. The incomparability 
of the societal benefit of spending, say, 1 million euros on maintaining architectural 
monuments, and spending on R&D in technology is an obstacle in the way of making the 
case for more money. The effect is that the debate on support for the development of 
energy technologies often has to take place within the confines of an overall amount for 
“research” and reduces to a battle over shares of the budget. 
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If budget envelopes are fixed, or difficult to alter, the managers of those budgets have to 
use whatever money is available as efficiently as possible. This means targeting it at 
interventions offering the best ratios of amount-spent to outcome, while ensuring that this 
focus does not create bottlenecks elsewhere in the innovation chain or innovation cycle 
(see figures 1, 2, 3), such as at the point where an expensive demonstration project is 
needed to turn a non-bankable technology into a bankable one (often referred to as the 
“Valley of Death”). Different funding agencies, whether private or public, need to know 
each other’s capacity to act on different parts of the innovation chain/cycle and to talk to 
each other to make sure that their combined portfolio of policies reduces the time to 
market of emerging technology and the cost of bringing the technology to market. 

Streamlining the research and innovation policies of a country or a region requires 
collaboration across government departments, from taxation (to incentivise private sector 
investment in R&D, or, possibly, to redress the imbalance in take-home pay between, for 
example, the financial services industry and engineering), to immigration (enabling people 
with the right skills to move to the host country) and education (is there a latent interest in 
science in general, and emerging energy technology in particular, in schoolchildren or 
students in that is not being kindled?). 

 
Figure 1: The classic linear model of sponsored research, innovation, and deployment [Kammen 2008], 
applicable up to the point where technology becomes bankable. All parts of the innovation cycle need 
to be stimulated and supported otherwise new technologies face difficulty in getting to market. 

 

(In brackets, the Technology Readiness Level – see 3.2) 

(1-2) 

(3-4) 

(5-6) 

(6-7) 

(8-9) 
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Figure 2: the cyclical model of innovation, applicable when a technology is bankable. A virtuous cycle 
is created, where technology improvements feed better marketability of the technology, in turn 
feeding renewed technology development. Feed-in tariffs drive innovation here because they sustain 
the market, and so private interest in the technology. Of course, they need to be great enough to give 
investors an adequate return, but low enough to keep companies motivated to seek out cost savings 
and performance improvements. 

 

 

Figure 3 A conceptual model of the two systems combined. Initially a technology is unbankable. When 
it reaches bankability and can be manufactured and deployed at industrial scale, it is honed more and 
more as competing companies fight for market share. 
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2. The use of EU's R&D&I financing instruments and 
possible improvements 

KEY FINDINGS 

• FP7’s value is in networking European research teams. 

• Outsourcing the management of calls for proposals in the Energy theme to an 
expanded Research Executive Agency would be good. 

• JTIs, at least as they are currently constituted, appear to have a number of 
weaknesses, which European Industrial Initiatives (“EIIs”) should avoid 

• An alternative and arguably better model for EIIs would be industry-led projects 
and/or experimentation in new forms of industry/research community co-operation 
especially as regards intellectual property. 

• There is a need to improve the coordination and efficacy of the existing actions 
promoting eco-innovation. 

• Processes and technologies for the production of energy from renewable sources 
should be prioritised in the distribution of funds available under the “eco-innovation” 
measure (CIP) 

2.1. FP7 
“Collaborative research will constitute the bulk and the core of Community research 
funding,” reads the FP7 Decision57, and there are very good reasons for this approach to 
be maintained. The Framework Programme provides a useful service to Europe’s R&D 
community by giving researchers an opportunity to work together. Through the Framework 
Programme’s requirement for international collaboration, they gain an understanding of 
how problems are approached in their different countries (which perhaps have distinct 
scientific cultures) and of which centres or groups they could voluntarily imagine working 
with outside of FP7. FP7’s success in stimulating additional cross-border interaction 
between research centres outside of FP7 is a yardstick by which to measure its usefulness. 

In future, we see a role for the FP in building bridges not just within PV researchers or wind 
researchers, but increasingly between disciplines. This is already happening through calls 
for proposals that have been organised jointly between different FP7/Co-operation 
‘Themes’, for example on ‘ICT’ and ‘Energy’. The FP should also try harder to reach first- or 
second-time participants, encouraging consortia to include them in projects in more than a 
token manner. They could be offered a marginal increase on their funding-rate, for 
example, or a partial refund on the cost of preparing a proposal. 

A perception that is quite widely held in the renewable energy community is that if one 
needs a research grant in a hurry one’s first port of call is not Europe, but the relevant 
Ministry in one’s capital. Member States’ national programmes are more flexible and 
responsive than the Framework Programme to shifting needs and priorities, and allow 
smaller consortia to bid for funding. This makes them more efficient and better able to 
                                          
57 DECISION No 1982/2006/EC http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:412:0001:0041:EN:PDF. 
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support innovation. The Commission is tending towards funding fewer projects with bigger 
budgets and some suspect that this is because the Commission lacks the manpower to 
oversee more projects with smaller budgets. 

Expanding the Research Executive Agency (which does not currently have responsibility for 
Energy-theme projects) would be highly desirable. Such outsourcing occurs in Germany 
with agencies known as “Projektträger”. It would enable a greater use of contract agents, 
whose benefits are less than those of EC civil servants, therefore reducing the cost of 
administering the FP. 

The Commission has recognised that too much time elapses between the deadline for a call 
for proposals and the signing of grant agreements with winning consortia, and has made 
workable proposals for speeding the process up [COM 2010]. These chiefly concern a better 
use of IT and the creation of a Research Participant Portal, integrating, by the end of the 
year, “all processes of grant management as well as a system for [managing] expert 
evaluators”. 

2.2. JTIs (Joint Technology Initiatives, formally known as Art. 171 
Joint Undertakings) 
Europe’s five JTIs were launched in at the end of 2007 and beginning of 2008. The 
intention was that they should build on the work of the Technology Platforms or EUREKA 
projects that pre-dated them. They are “Public Private Partnerships” in the sense that a 
known amount of Commission money for the period of the current Financial Perspectives is 
matched by an equivalent in-kind contribution from industry. In the Fuel Cells and 
Hydrogen JTI – the one with the most obvious connection to the energy field – a Governing 
Board in the JTI adopts a call for proposals each year describing the topics that are open in 
the call and the amount of money to make available to each one. The Commission has a 
veto over how its money is spent. A secretariat manages the JTI, employing project officers 
to oversee its projects, with half the costs covered by the industry members. 

Questions remain on the added-value of this new structure. Involving industry in the 
selection of appropriate topics for the work programme could have been achieved by the 
Commission formally consulting a delegation of industry representatives as it formulates its 
annual Work Programme. Constrained by the EC’s Financial Regulation, there has not been 
any possibility to consider or implement new funding mechanisms in the JU’s calls for 
proposals. The Calls are published on CORDIS, open to all, and the recruitment procedures 
for the secretariat’s staff have to run by the relatively inflexible terms of the Staff 
Regulation. Finally, the existence of the legal entity into which the Commission pays its 
contribution, “FCH JU”, is only assured to the end of 2017. 

A feature of JTIs is that the industry’s strong role tends to focus their mission on product-
development rather than on fundamental research further up the innovation stream. 
Furthermore, the financial terms offered to research centres have been made less 
interesting compared to those that applied under FP6, making it harder for them to 
participate (total funding rates of 50% instead of closer to 75%). The combined effect of 
JTIs is to constrict the upstream end of the innovation pipeline in the technologies where 
they are used. 
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2.2.1. The pitfalls of Member State involvement 
Speaking at the SET Plan conference in Stockholm58, the then Commissioner for Research, 
Janez Potocnik, advocated combining EU and national public resources, in “effective” and 
“flexible” public-private partnerships (PPPs) with industry. Past experience tells us to be 
careful of this approach. The experience of the first JTIs to be launched has been that 
“Member States do not honour their original commitments in terms of contributions to the 
JTIs” [JTI 2010]. The authors of [JTI 2010], who are closely involved with the existing five 
JTIs (usually by being involved in the Industrial Grouping in the JTI) and the three PPPs 
foreseen in the European Economic Recovery Plan [COM 2008] (through roles in Industry 
Groupings set up in anticipation of the imminent establishment of a Joint Undertaking), 
attributed this to the fact that some Member States consider their interests not to be “well 
covered by existing procedures or by the outcome of project selection processes.” Equally 
seriously, the authors suggest that JTIs relying on Member State co-funding are 
institutionally poorly equipped to select the best proposals because cases arise where the 
best proposals involve a partner from a Member State that has no money to pay for its 
participation. 

2.3. European Industrial Initiatives 
Some in the Commission admit they are disenchanted with public private partnerships in 
the ‘JTI’ mould and are glad that the Commission is trying out new approaches. In mid-
2009, the scope of work of public private partnerships in “Factories of the Future”, “Green 
Cars” and “Energy-efficient Buildings” was announced at a conference in Brussels59. The 
groups behind these PPPs have since suggested ways to overcome the flaws in the JTI 
concept, which include designating them as “Special Bodies” under the Financial 
Regulation, due for revision this year, rather than as Joint Undertakings under Article 187 
of the Lisbon Treaty. The groups hope that once the revision has been debated in the 
Council and Parliament their PPPs will become operational.  

In the context of the SET Plan, another variation on the PPP model is found in “European 
Industrial Initiatives”. Here the Commission will attempt to co-ordinate the use of its 
financial resources and those of the Member States with in-kind spending by industry and 
research centres. The money from the public authorities and the effort of industry and the 
research community will be channelled towards achieving particular key performance 
targets. Progress has been made in defining these targets in discussions between the 
Commission, industry and research communities over the last two years. The EIB will be 
encouraged to lend to EII projects. 

2.3.1. Bureaucracy banished? 
Informality will be the guiding principle behind the EIIs’ governance. The Commission has 
very recently approached industry associations and Technology Platforms to nominate 
representatives to sit in “EII Teams”. The Teams for solar energy, wind and smart grids will 
be recruited post haste. Their first job will be to “launch” their EIIs with the Commission at 
a ceremony in Madrid on 3 June (see below). 

2.3.2. The EII “launch”: strong on public relations, weak on substance 
The opportunity for senior personalities from the Commission to signal the start of deeper 
collaboration with key sectors in the energy industry is positive public relations. But the 
                                          
58 http://europa.eu/rapid/pressReleasesAction.do?reference=SPEECH/09/487 

59 http://ec.europa.eu/research/industrial_technologies/lists/events-fp7-programme_en.html 
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renewable energy community is more interested in the substance of this deeper 
collaboration, and is concerned at how poorly defined the work of the EIIs is post-launch. 
The debate currently focuses on the governance structure of the EII, and the Commission 
proposes the model in Figure 4. 

 

 
Figure 4 Commission's prototype governance structure for EIIs, as at mid-March 2010. At its core, 
renewable energy associations believe there should be a back-and-forth discussion between an ‘EII 
Team’ and the SET Plan Steering Group, which results in agreement on a rolling 3-year 
Implementation Plan, revised every year 

According to the Commission’s current thinking, the EII Team should consist not only of 
representatives from industry and of the research community but also of the governments 
of committed countries that “agree to engage [...] in a strategic planning and coordinated 
implementation process to maximise the effective use of scarce resources”, the 
Commission itself and financiers. 

2.3.3. Possible sources of trouble ahead 
There are some difficulties with this approach. A precondition for describing a group of 
people as a “Team” is that their collective interests are 100% aligned. But the interests of 
industry and research centres on the one hand and of public bodies on the other are not 
100% aligned. Industry and research centres will push for more money to be spent. Public 
authorities have the impact of increased spending on their battered budgets to consider 
and tend to resist such pressure. 

This needs to be recognised in the scheme in Figure 1 by separating the industry and 
research centre interest from the public authority interest and explicitly making the first 
step in the adoption of an annual EII Implementation Plan a negotiation between the two 
sides. The role of Member State and European Commission representatives in the Team 
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should be seen as ambassadorial, facilitating the exchange of ideas between the SET Plan 
Steering Group and the industry/research community. 

A second flaw relates to the Commission’s assumption that industry and research centres 
will be prepared to put time and effort into governing the EII. In JTIs, this work is 
unremunerated and known to take a lot of time and energy. They will need to 

• Decide what kinds of research and demonstration projects should be supported 
across the European Union in a given year and negotiate them with the SET Plan 
Steering Group 

• Choose Key Performance Indicators (targets) for these projects and for the sector 
as a whole 

• Read the reports from SETIS on how well the projects’ targets are being met 

• “Implement the Implementation Plan according to existing funding rules and 
procedures” – although this should become the responsibility of public funding 
agencies60 

The EII members will be meant to act in a personal capacity. In the majority of cases, 
however, it will be their employer who covers a) their time to prepare for and attend 
meetings and b) their travel costs. This might lead the employer either to restrict the time 
and budget of his employee to the bare minimum, or to allow the employee to put a lot of 
effort into the meetings in the expectation that “something big” is going to come from 
them. “Something big” might mean a set of good decisions in the public interest, earning 
the company kudos from the Commission, but more naturally, it might be a set of decisions 
that prioritise its own interests. The only option for civil servants who want significant 
amounts of expert policy advice while minimising the risk that it is tainted by the over-
expression of a narrow private interest is to reimburse the time and costs of those who 
would formulate policy recommendations on their behalf. The Commission’s intention to 
make no money available to the industry and research representatives in the EII Teams is 
a mistake. Covering their costs would give the Commission some leverage to impose rules 
on running of the Team to give it stability. For example, it could insist on a minimum term 
of office for EII Team members, and the terms under which their mandate might be 
renewed. 

The third flaw concerns the Commission’s inability to articulate how Technology Platforms 
fit together with EIIs. If the Technology Platform associated with the EII’s technology 
becomes a peripheral advisory group of the EII Team with no power over it, then it will 
disintegrate as its members seek to join the Team. If Technology Platforms are to survive 
the dawning of the EII era, they will need to find a new role, complementary to the EIIs’ 
and to that of industry associations61. 

2.3.4. The ideal: industry-led demonstration projects with several partners 
A better model for EIIs could be the US’s Technology Pathway Partnership of its Solar 
Energy Technology Programme62, which concerned the PV industry. Following an open 
competition, companies were chosen to lead projects involving a consortium of other 

                                          
60 This is consistent with the approach favoured by the Spanish Presidency in the context of PPPs (see section on 
transparency of this document : http://www.r2sconference.eu/downloads/non_paper_PPPs.pdf) 
61  The trouble is that the kind of discussions that could take place within them (discussing the challenges of 
globalisation, the impact of smart grids, guidelines on the management of intellectual property) are similar to the 
discussions taking place within industry associations themselves. Even on the question of advising on the design of 
new funding instruments, the EII Team will apparently be more powerful and influential voice than the Technology 
Platform. 
62 http://www1.eere.energy.gov/solar/technology_pathway_partnerships.html 
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companies (large and small) and research centres. Their mission was to “catalyse 
collaboration across the value chain by squeezing out costs; optimising system design; and 
assuring superior performance/reliability”. They set themselves quantitative targets for PV 
module efficiency, cost and manufacturing scale. The Dept. of Energy covers less than 50% 
of the cost of the work. The rest comes from cash or in-kind contributions from the TPP 
partners. Crucially, no other funding organisations are involved. In Europe, support of 
many member states would have to be simultaneously co-ordinated. The SET Plan 
structure that should enable this is the SET Plan Steering Group. 

2.3.5. ...and/or, a model for research centre/industry co-operation 
The advent of the EIIs also presents the Commission and industry with an opportunity to 
try out new models of collaboration between research centres and industry. One model is 
the one that the research centre IMEC, active in photovoltaics, is currently applying. A 
group of companies pay for and co-own research work that gives them “early-insight” into 
a potentially exciting area. The work has been contracted to and performed by a research 
centre. In this way, costs are shared, and the competition between companies becomes 
less about the knowledge itself, and more about their relative abilities to exploit it. It is 
analogous to the Forschungsvereinigungen63 that have existed in Germany for decades. 

2.4. European Eco-innovation policies and funding programmes 
(CIP - Competitiveness and Innovation Framework Programme) 
The European policy context for supporting innovation in renewable energy technology is 
developed around the concept of eco-innovation, which refers to all technologies and 
processes which swap one process for a less environmentally harmful alternative64. 

Different policy initiatives at EU level address eco-innovation in the areas of research, 
innovation and environment. These policy fields are interlinked even though each one 
impacts on eco-innovation from a different angle and involves different actors. Policy 
actions in the field of eco-innovation are aimed at building capacities and setting the 
framework conditions, identifying and supporting the science and technology drivers of 
innovation, sustaining a market for the new products and services and adjusting 
environmental regulations and mechanisms to stimulate eco-innovative products from the 
private sector. 

As recently acknowledged also by the European Commission65, there is a clear need to 
better streamline the existing programmes and funding schemes to improve their 
coordination and efficacy. 

2.4.1. Eco-Innovation 
Eco-innovation is a cross-cutting issue in several sub-programmes of the Competitiveness 
and Innovation Framework Programme (CIP), with particular importance within the sub-
programme “Entrepreneurship and Innovation” where EUR 433 million (out of 2172 million) 
are earmarked for specific support actions on eco-innovation.  

Regrettably, for the first three editions (2008 to 2010) the EU call for proposals 
implementing this CIP measure focused on a limited number of industrial sectors (e.g. 

                                          
63 “Research associations” that contract small-scale research to universities and research centres on behalf of their 
members. 
64 Stimulating Technologies for Sustainable Development: An Environmental Technologies Action Plan for the 
European Union, COM(2004) 
65 Making public support for innovation in the EU more effective: Lessons learned from a public consultation for 
action at Community level, SEC(2009) 
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construction, food and drink, recycling), excluding processes and technologies for 
renewable energy production. The European Commission argues that the deployment and 
promotion of renewable energy technologies is sufficiently catered for in the IEE 
programme (see section 2.4.2). 

However Eco-innovation and IEE finance different kinds of activity. Only the Eco-innovation 
scheme can fund the first application or market replication of eco-innovative techniques, 
products or practices that have been successfully demonstrated, but due to remaining risks 
need further incentives before they can significantly penetrate the market. As a 
consequence, innovative SMEs concerned with the commercialisation of renewable energy 
solutions do not have access to this funding scheme.  

The European Commission provides support for innovation professionals through the Eco-
innovation Platform (also known as Eco-IP), but access to Eco-IP is de facto restricted to 
SMEs active in the sectors of Bio-Based Products, water and wastewater, and recycling. 

Opening up the Eco-innovation budget line and the Eco-IP to renewable energy SMEs would 
be a logical step towards comprehensively supporting these companies. 

2.4.2. Intelligent Energy Europe (IEE) 
The 2007-2013 Intelligent Energy Europe (IEE) programme forms part of the CIP. Its total 
budget of €730 million is used to support European projects funded with annual calls for 
proposals. It has proved successful at developing business models for energy efficiency and 
the rational use of energy, promoting new and renewable energy technologies and energy 
diversification, and reducing energy consumption in transport, thereby making Europe 
more “energy intelligent”. 

Although IEE is mainly an instrument for tackling non-technological barriers, synergies shall 
be sought with the energy-related European Technology Platforms and in particular with 
reference to the Strategic Research Agendas and Deployment Roadmaps (and in future EII 
Implementation Plans). 

In operational terms, the traditional structure of the IEE programme which is based on 
three main funding areas – SAVE, ALTENER and STEER - is progressively moving towards a 
4-pillar model. More budget is being allocated to other projects called Integrated 
Initiatives66, which include, for example, capacity building in local authorities . In pursuing 
this approach, care must be taken not to divert the programme from its core purpose of 
promoting and fostering renewable energy sources and energy efficiency.. Although open to 
both public and private organisations, the beneficiaries of IEE funds are usually public 
bodies and associations. Under the current regime, renewable energy SMEs are therefore 
unlikely to see their projects supported by either IEE or the Eco-innovation scheme. 

In the past years over a dozen IEE-funded projects promoted energy efficiency and 
renewable energy among primary and secondary school students and teachers, however 
we are not aware of any projects aiming at the tertiary education sector. The renewable 
energy industry is expanding rapidly, putting the sector under pressure to find new skilled 
workers. As highlighted also in a recent European Parliament report67, Member States must 
adapt their training and education systems to ensure that the workforce is equipped with 
the skills for a sustainable economy. By encouraging the exchange of experience and know-
how between universities, research centres and industry from the renewable energy sector, 

                                          
66 The budget allocated to these initiatives rose from 21,9 MEUR in 2008 to 29,4 in 2010 (calculation based on 
data of the official Work Programmes 2008 and 2010 of the IEE programme) 
67 Draft report on “Job potential in the new sustainable economy”, European Parliament’s Committee on 
Employment and Social Affairs, Rapporteur: Elisabeth Schroedter (15.04.2010) 
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the IEE could help train people for knowledge-intensive green jobs, and, for example, 
support the Sustainable Energy KIC of the EIT (European Institute of Innovation and 
Technology), which must find three Euros of outside funding, including from other 
community programmes, for every one euro of EIT grant. 

2.5. Joint programming 
Control of Member States’ research budgets might once have been Brussels’ ambition, but 
it is unattainable. There is, however, Member State support for facilitating contact between 
those managing research programmes in the ministries and agencies of different countries 
to avoid unintentional duplication of the same research and to create the conditions for 
Member States to share resources and facilities. This is laudable: countries can only gain 
from knowing and understanding the research policy of other countries. But the EC should 
not be naive: every step that a country takes towards greater transnational co-operation 
will be taken in its national self-interest. Some EC projects have attempted to put in place 
practical measures to break down barriers to co-operation: ERA-NET projects have given 
officials from funding ministries or agencies the task of launching joint calls in specific fields 
of technology, challenging them to agree on what the call should cover, make available 
funding at the same time, and evaluate the proposals jointly. Many of the costs are one-off. 
Once collaboration has been initiated, effective management procedures discovered partly 
by trial and error should be fairly easy to sustain. 

Separately, perhaps anticipating some reluctance from Member States to work together 
more, the Commission directly invited the largest energy research centres in some key 
Member States to take the initiative to work together. They are jointly attempting the same 
task set to their budgetary masters (discover each other’s priorities, interests and 
capacities to share resources, then rationally share out an agenda of research work 
between them so that each one plays to its strengths). Together they are known as the 
EERA, the European Energy Research Alliance. 

The EERA has yet to demonstrate whether its founding members and the associated 
members that have joined its working groups on specific energy technologies68 can launch a 
“joint programme” that sees each one committing a significant number of man hours or 
budget to a particular area and sharing the results of this work (how?). EERA research 
centres have negotiated with each other for the last year and a half and are a few weeks 
from announcing the first of their “joint programmes”, committing to the division of work 
that they have set themselves. This task is non-trivial because the room for manoeuvre for 
many of them is likely to be restricted by the programme and budget imposed on them by 
the government department that funds them. Once these programmes are public, smaller 
research centres that have not so far been involved in the discussions will be invited to 
join. 

It is likely to be much easier to co-ordinate R&D on non-bankable technology than on 
technology for which a market exists and where leading countries and research centres 
might have a greater interest to compete against each other than to co-operate with each 
other. 

                                          
68 A great variety of technologies are covered (renewable technologies, CCS and nuclear). Details are available on 
the EERA website : http://www.eera-set.eu/Research_Fields 
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3. Looking ahead to FP8 : further options for EU R&D&I 
policies in this field 

KEY FINDINGS 

• Technologies for heating and cooling from renewable energy are of strategic 
importance to Europe 

• Use of explicit Technology Readiness Indicators by the Commission will enable 
observers to keep track of how it is targeting its resources at different parts of the 
innovation pipeline 

• Support schemes must be appropriately fashioned for the technical risk of the 
project they are targeting. Mistakes were made with NER300. 

• Support technologies over the “Valley of Death” with European-level funding if there 
is a clear European added-value in doing so. Europe’s main strength is in facilitating 
transnational collaborative R&D. 

• Restrict industry’s influence on the programming of research in medium and high-
risk projects, and give the research community views priority here 

• Technology transfer: further measures should be implemented at EU level to 
support Europe’s renewable energy research centres and technology developers 
effectively exploiting the research results. 

3.1. More renewable energy technologies should be included in the 
SET Plan 
The SET Plan Communication from the Commission of November 2007 identified 6 areas as 
being ripe for European Industrial Initiatives (wind, solar, bioenergy, smart grids, nuclear 
and CCS) and the Council, in its Conclusions, urged the Commission to consider 3 more 
(marine, energy efficiency, energy storage). The Commission’s rationale for choosing the 
technologies that it did were that they faced “barriers”, “scales of investment” and carried 
“risk” that can “be better tackled [jointly by the Community, Member States and industry]”. 
By those criteria, key technologies have been marginalised, specifically those for heating 
and cooling with renewable energy, where the Commission only could confirm in its 
“Investing in the Development of Low Carbon Technologies” Communication (October 
2009) that it is “examining” the inclusion of such technologies. The case for including them 
is solid, and they could be promoted at short order by explicitly making them part of the 
Smart Cities Initiative, which aims to introduce energy efficiency concepts (at component-
level and urban-planning level) into the fabric of our cities. Uncommitted money from the 
European Energy Programme for Recovery could be redirected towards the Initiative, 
requiring the appropriate legislation to be adopted before the end of 2010. 

3.2. Make greater use of “TRL” indicators 
“TRL” stands for Technology Readiness Level, and is a means to categorise how far from 
commercial deployment a particular family of technologies is, or indeed a member within 
that family. It is expressed as a quantity between 1 and 9. Gradations of TRL are grouped 
below. Only at TRL 8 and 9 can a technology be described as bankable: 
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TRL 1-3 “In the lab” 

TRL 3-6 “System-level validation in a relevant environment”  

TRL 6-7 Commercial prototype 

TRL 8-9 In service 

TRLs are handy labels that make it easier to discuss how R&D&I policy is serving a 
particular part of the innovation chain (up to the point where a technology has made its 
market début). They were pioneered by NASA and have been taken up by organisations 
like the UK’s Energy Technologies Institute. The Commission should adopt them, too. 

3.3. Appropriate R&D&I funding schemes for technologies with a 
particular TRL 
Recently a European instrument was created that could provide significant support to 
innovative renewable energy technologies, “NER300”. NER300 is created from the 300 
million carbon allowances set aside in the revised Emissions Trading Directive [EC 2008]. 
The EIB will sell them on the carbon market and the money raised can be put towards CCS 
installations and installations of innovative renewable energy at near-commercial scale.  
NER300 will only provide money to these installations once they are operating, and even 
then, only as they produce clean energy according to a particular schedule within a five-
year period. The necessity for the project to work inhibits the very risk-taking that NER300 
demands, requiring relatively expensive financing solutions where a third party agrees to 
cover the risk of the installation under-performing (or not performing) in return for a hefty 
margin if it performs to plan. 

CCS and renewables have different needs, and NER300 was designed with CCS mainly in 
mind. CCS relies on technologies that are proven but will remain expensive until (in theory) 
an initial deployment delivers economies of scale in manufacturing and in CCS project 
management. It therefore needs a support mechanism that incentivises the successful 
integration of these components. Renewable energy technologies already have access to 
support mechanisms that reward developers for each MWh that their projects produce. 
What is specifically needed by “innovative” renewable energy technologies, i.e. those with 
TRLs lower than 8 or 9 is support that is less closely linked to the project’s output. 

The Commission and Member States debated NER300 over 2009. In the first half of that 
year, a parallel debate was taking place on the European Energy Programme for Recovery, 
but opportunities to make these instruments complementary were missed. Crucially, the 
EEPR was able to provide lump sums to projects without requiring a specific output of 
electricity, in principle making it accessible for technologies with a TRL in the range 3-7, 
like “innovative renewables”. 

It seems, therefore, that a deal could have been done that would have seen the EEPR 
reserved exclusively for renewables while, within the limits of the 2009 revision to the 
Emissions Trading Directive, NER300 was reserved exclusively for CCS. The EEPR was 
decided once NER300’s basic rules had been laid down. Its mission could have been re-
interpreted so that it rested slightly less on the need to give Europe an immediate fiscal 
stimulus and slightly more on the need to provide funding to the SET Plan’s renewable 
energy technologies. This would also have permitted a longer debate on what technologies 
and projects to fund, and might have led to the (highly desirable) outcome that EEPR 
money should be handed out in a genuinely competitive manner (if necessary subject to 
explicit Member State juste retour demands) rather than to specific pre-selected projects. 
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The Commission has a policy of technological neutrality in the field of energy – providing 
the technology is “low-carbon” – which it can uphold sufficiently well at the macro-level 
without needing to ensure that it strictly applies at the level of every specific R&D&I 
instrument. With CCS and renewables both a part of the EEPR and NER300, that seems not 
have applied here. 

3.4. Technology transfer from the lab to the market 
Europe produces useful, high quality results from publicly-funded research projects in 
renewable energy technologies. But Europe also faces difficulties in the way it transforms 
these results into commercial applications. The phenomenon has a name: the “European 
Paradox”. 

Research institutions should be assisted in acquiring or accessing to the technical, legal, 
managerial and financial expertise necessary to successfully commercialise their R&D 
outputs. Today the majority of European research centres have their own technology 
transfer office (TTO), however not all TTOs offer the same quality of support for the 
valorisation of research results.  

In order to favour knowledge and technology transfer to the regional industrial system, 
particularly to SMEs, it is critical to provide answers to the relatively large capital needs 
which too often inhibit the market uptake of innovative energy technologies. Despite the 
launch of new initiatives such as JEREMIE and JESSICA (co-managed by the EIB, EIF and 
European Commission), more work lies ahead in improving access to finance for new 
business ventures springing from work of European laboratories. 

3.5. Balance European-level demonstration and research funding 
The EEPR and NER300 are both tools for large-scale demonstration, and half of the 
Framework Programme’s money for non-nuclear energy has to go towards projects with a 
“predominant demonstration component”. The purpose of EIIs, as framed in the SET Plan, 
also alludes to scale. 

It makes sense, in some cases, for decisions to fund demos to be made at European level. 
It was the desire to demonstrate a set of permutations of CCS capture, transport and 
storage technology that covered all the known and potentially commercially-viable options 
that lay behind the Commission’s insistence for projects to be selected as a group. For 
technologies with lower unit costs, European co-ordination is less important, because it can 
be advantageous to have the same technology demonstrated in parallel in similar 
circumstances in different places in order to familiarise different workforces with it in 
anticipation of commercial-scale deployments, and to supply the industry with more data 
on the technology’s performance. 

The danger of making demonstration too great a part of Europe’s mission in R&D&I is that 
industry, which undertakes demonstration work, will be given too much control over the 
R&D&I agenda overall, even those parts that it is not willing to co-fund to a significant 
degree, such as high-risk research in technologies that are non-bankable. Industry should 
be involved in discussions about an energy sector’s medium- and long-term strategy and 
about performance targets that must be reached, but research centres should have the ear 
of public funding agencies when it comes to deciding what to support in a particular call 
and how to support it. If companies are allowed into these discussions, the temptation to 
lobby for funding to be directed towards projects that will give them a head-start in the 
short term might be irresistible. 

IP/A/ITRE/ST/2009-11 & 12 146                                                     PE 440.278



 Assessment of Potential and Promotion of New Generation of Renewable Technologies 

____________________________________________________________________________________________ 

 

Part 1 identified that, looking at the big picture, the “Valley of Death” is the biggest 
obstacle in the way of commercialising new technologies. The Member States acting 
through the SET Plan Steering Group have the resources and the responsibility to provide 
funding to technologies that reach the Valley. The EU has a specific mission in helping 
Europe’s researchers to experience working together in collaborative projects. This is what 
it is especially well placed to facilitate. As the Member States become more involved in 
demonstration work, so the EU should use the Framework Programme more for longer-
term research, which is where research centres working collaboratively can make a 
relevant and effective contribution (Figure 5). 

 
Figure 5 Slide from the Commission (summer 2008), on the relationship between EIIs and the 
Framework Programme. At the time it was presented, the Commission foresaw the Framework 
Programme becoming the home, predominantly, of “longer-term” research activites, while EIIs would 
be research projects run by industry targeting areas of common concern to a group of companies in a 
sector, but which are not of strategic importance to any of them (e.g. fouling on ocean energy devices, 
or grid connection of PV). At least that latter idea has now been abandoned because the Commission 
acknowledges that such research is not a priority (in the case of ocean, for example, the industry 
wants to focus on field-testing new designs). EII projects will help specific companies or consortia, 
but knowledge-sharing requirements are likely to be tighter than in the Framework Programme, and 
more closely follow the NER300 example69. 

 

                                          
69 See Annex II http://www.ner300.com/wp-content/uploads/2010/02/FINAL_NER300_DECISION.doc 
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NOTE 2: DEPLOYMENT OF EMERGING RES - A REGIONAL 
PERSPECTIVE 
By Ms. Christiane Egger - FEDARENE/O.Ö. Energiesparverband 

FEDARENE is the European Association of regional energy and environment agencies with 
currently about 60 member organisations across Europe. It supports interregional 
partnerships on energy and environment, helps regions o take action and aims to bring in 
the local and regional dimension into the European policy making process. 

The O.Ö. Energiesparverband is FEDARENE's vice-president for renewable energy sources 
and was therefore asked to represent FEDARENE in this project. It is the regional energy 
agency of Upper Austria. Upper Austria is one of the nine Austrian regions with a population 
of 1.4 million. Since the mid-nineties, the region has put a strong focus on sustainable 
energy production and use. Though comprehensive energy action plans, a share of 33 % of 
renewables in the primary energy demand was achieved (15 % hydro, 15 % biomass, 3 % 
solar and other renewable energy sources). For 2030, the region has committed itself to 
cover 100 % of its electricity and space heat demand from renewable energy sources. 

The O.Ö. Energiesparverband supports the regional government in achieving its energy 
policy targets by implementing a wide range of programmes, ranging from 15,000 face-to-
face energy advice sessions every year for homeowners, companies and public bodies, 
comprehensive training programmes, a regional R & D programme dedicated to energy 
efficiency and renewable energy. The agency also manages a network of renewable energy 
and energy efficiency companies, the Oekoenergie-Cluster, with presently about 200 
partners, which employ more than 1,600 persons and achieve an annual turnover of 1.7 
billion Euro. 
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1. Framework conditions for successful market 
deployment of emerging renewables on regional level 

When comparing the market introduction of emerging renewable energy technologies from 
a historic perspective, one interesting factor is that within one country with the same 
financial framework in place, even in regions with very similar natural resources, the 
market uptake of these technologies varies strongly. 

It appears that in the regions with an earlier market adoption, in so-called "pioneer 
regions", a local critical mass is found which consists of:  

• innovative companies willing and able to develop projects 

• R & D organisations which provide additional know-how 

• a regional body that takes an active role in the market development, helping to 
overcome barriers and supporting the promotion of the new technology 

• frequently, a dedicated funding programme or other regional financial support is 
available 

• clear political commitment to renewable energy sources 

Such a critical mass - resulting in a functioning regional network which acts as a driver for 
the market development - is able to overcome the different barriers which can be grouped 
into the following:  

• financing barriers 

- financing of companies 

- financing of installations which are usually more expensive than fossil fuels or 
"conventional" renewable energy technologies 

• administrative barriers:  

a new technology usually presents a challenge for the authorities in charge of the 
permission procedures. Often insufficient reliable information on safety questions, 
environmental impacts and other issues is available which is necessary to allow the 
authorities an assessment whether the proposed installation meets the legal 
requirements. This often results in a cautious approach, where permits are delayed or 
not granted at all. In many cases, this problem can be overcome by a pooling of 
existing knowledge, also from other parts of Europe or - where necessary - 
commissioning respective test and studies. European programmes, such as the 
Intelligent Energy for Europe Programme, can be very helpful in this process.  

• lack of standards:  
for any technology - both for the development of equipment but also for its use - 
standards are needed to ensure quality of equipment design and operation. This is 
even more the case when technologies are integrated into buildings but also, for 
example, into electricity or district heating grids. In an early market development 
phase, usually such standards do not exist yet, that is why early adopter regions have 
to pioneer those as well. Clearly, European programmes would be very help in this 
task and they could also speed up the dissemination of these standards and good 
practices to other regions. 
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• information and training barriers 
another barrier to be overcome is that not many relevant stakeholders are aware of 
the technology and that professionals usually lack the necessary skills to plan, to 
install and to operate such installations. Again, in addition to activities implemented 
by local and regional actors to speed up this process, European programmes allowing 
for a targeted approach, including the development and the dissemination of 
information and training materials and the sharing of experiences, are very useful. 
They can help to overcome the "chicken-and-egg" problem: there is no demand for a 
specific new technology, that is why no-one is offering it on the market and because 
there is no offer, there is no demand for it. 

In an optimal case of a regional market development, a policy package is developed and 
implemented which consists of: financial support for the installations, potentially combined 
with incentives for the companies offering these technologies (e.g. soft loans, guarantees, 
support for certification) including related R & D bodies which may, for example, provide 
monitoring or support in developing standards. It also includes training for professionals 
relevant for the technology as well as information support to the authorities concerned to 
help them better understand and assess the technology in relation to their legal 
requirements. Such a policy package also consists of awareness raising programmes for the 
general public and potential users of the technology to establish a good understanding of 
the benefits and requirements for a good use from the earliest possible market 
development phase. Increased public visibility is usually also helpful in attracting other 
commercial actors to a new technology, thereby increasing the provision of this technology 
on the market. Additionally, from the practical experience with the market introduction of 
new renewable technologies, the following challenges have to be overcome:  

• to close the gap between successful R&D projects (technologies that have passed 
through the development, testing and possibly even the first demonstration phase) and 
products which are actually "market ready" - meaning in this context that they function 
well enough to sell them to the early adopters - and that they are also "permission 
ready" - meaning, that the company selling or installing the technology is able to provide 
proof of functionality, safety and other technology-relevant requirements. Often 
technology companies underestimate the costs and efforts required for these aspects. 

• on regional and local level, the right balance needs to be found between encouraging the 
application of new technologies on the one hand but at the same time preventing that 
not-yet and, even more importantly, not-ever functioning products are sold on the 
market. Faulty or even underperforming installations can have a very negative impact on 
the image of renewable energy technologies in general. Again, European exchange of 
experience, pro-active provision of relevant information gained from this exchange to 
regional and local actors can be very helpful in finding the right balance between early, 
but not too early market introduction of specific technologies. 

• the experience with the market introduction of new renewable technologies has also 
shown that the use of a very advanced renewable energy technology is often best 
applied in regional circumstances where know-how, experience and skills exist with the 
more "conventional" solutions with this technology group (so for example, new wind 
technologies are best introduced in a region with a well-developed wind market). "Leap-
frogging", going from a non-existent market in a specific renewable energy source to 
very advanced solutions may produce non-functioning installations which have less to do 
with more innovative aspects of this technology but the general lack of skills with the 
technology and therefore provide distorted results. This is especially true for biomass 
where frequently the skills in establishing functioning, longer-term supply chains for 
fuels present a challenge.  
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2. European policy initiatives 
The following considerations relate to European policy initiatives and their impact on the 
market deployment of emerging renewable energy technologies. 

The European Strategic Energy Technology Plan (SET-Plan) represents an important 
document in focusing European R & D efforts on technologies and providing roadmaps and 
R & D targets for selected technologies. This strategic initiative could profit very much from 
being enlarged by technologies which are considered to be of key importance for the 
regional and local level. Out of the 7 initiatives of the SET-Plan, 6 of the technologies only 
relate to the production of electricity which - despite its high strategic importance - 
nevertheless only accounts for 21%70 of the EU's energy consumption. 

The areas that should also be covered are mainly renewable heating and cooling 
technologies (for example including lowest emission biomass heating technologies 
including innovation in fuel production and logistics, solar heating and cooling technologies 
including innovation in absorption and adsorption systems, high-efficiency heat pump 
technologies,) and energy efficiency in buildings, industry and transport (innovative 
insulation technologies, new approaches to high-efficiency window technologies, low-cost 
solutions for nearly zero energy buildings, innovative control systems, consumer behaviour 
in high-efficiency buildings etc.) 

Formulating similar R&D targets as it was done for the seven initiatives for some of these 
technologies would be very beneficial.  

The "Smart Cities Initiative" seems to be a relevant starting point, however, the 
challenges to be overcome in achieving energy efficiency in buildings and industry seem to 
call for a stronger and wider effort. The pioneer cities can have an important role, however, 
there is some concern whether the critical mass in innovation will be sufficient. 

Given the commitment the European Union has made with its 20-20-20 targets, it seems to 
be of high importance that the R&D priorities fully reflect all these goals, and do not limit 
themselves to a wide extent to the electricity producing sector.  

Structural and cohesion funds can have an important role in supporting market deployment 
of renewable energy and energy efficiency and the number of successful programmes in 
this field increases constantly. 

However, the preparation of projects and programmes in these areas usually require a 
longer lead time which can be a barrier in the deployment of new renewable energy 
sources. The availability of funding would need to coincide with the market-readiness of a 
new technology and this new technology and its application would need to fit into 
programme priorities that were developed months or even a few years earlier. Therefore, it 
seems that support possibilities from these important European funds exist, however, the 
application potentials for new renewable energy sources might be rather limited due to the 
timing constraints. 

One very interesting approach in this context is that European funds "co-invest in 
programmes" which is already practiced today. However, care should be taken that it 
does not lead to increased bureaucratic burdens as the formal requirements of different 
funding bodies are cumulated. It might seem to be very interesting to further investigate 
this issue.  

                                          

70 http://ec.europa.eu/energy/publications/doc/statistics/part_2_energy_pocket_book_2010.pdf (p.17) 
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What could also be helpful would be specific market replication programmes, 
addressed at the regional and local levels. Such a programme could close the gap between 
R & D results including first demonstration projects and really market-ready technologies. 
This would include the respective certification of products and technologies which would 
allow for faster permission processes and accompanying training and awareness raising 
activities. The CIP Eco-Innovation programme and the market replication projects of the 
Intelligent Energy - Europe II could be seen as a first step in this direction, however, scope 
and coverage could be enlarged.  

Generally speaking, in addition to providing targeted funding for R&D priorities which are 
inline with the energy and climate policy goals (especially when it comes to appropriate 
budgeting), the most important role for the European level in introducing new renewable 
energy technologies seem to be in ensuring that the ambitious energy policy targets 
are set and met by the Member States, including appropriate funding 
mechanisms. These come under scrutiny when the National Renewable Action Plans are 
submitted and it might be interesting to also include innovation aspects in this process.  

IP/A/ITRE/ST/2009-11 & 12 153                                                     PE 440.278



Policy Department A: Economic and Scientific Policy  

____________________________________________________________________________________________ 

 

3. Example: The market introduction of wood pellet 
heating systems in the region of Upper Austria 

In the following, the market introduction of a new renewable energy technology from a 
historic perspective is presented. The O.Ö. Energiesparverband was strongly involved in the 
market introduction from the very beginning which allows for an analysis from a historical 
perspective.  

Wood pellets are a compressed biomass fuel produced from saw mill residues. Due to its 
high density, it can be transported more easily and because of its high standardisation it 
can be combusted in a very clean manner. It is frequently used in fully automated 
appliances. Similarly to oil heating, a tank truck delivers pellets to the building where they 
are used. From the truck, they are blown into the storage systems from which they are 
automatically fed into the boiler. This technology was pioneered in the region of Upper 
Austria starting in the mid 1990ies. 

Figure 1:  Pellets delivery by truck 

   
Source: O.Oe. Energiesparverband 

 

Figure 2:  Pellet boilers and storage rooms, pellets are fed to the boiler by an 
auger screw or via a vacuum suction system 

 
Source: O.Oe. Energiesparverband 

 

Chronology of pellet boiler and fuel deployment in Upper Austria 

1980- ies  The first regional funding programme for biomass heating started in Upper 
Austria in the 1980-ies. 

1990-ies  Research on automatic biomass heating systems was carried out and in the 
early 90-ies, the first automatic biomass heating systems (wood chips, log 
wood) were developed.  

1995  The first facilities of wood pellet production started their operation.  
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1997  The first automatic wood pellet boilers were produced and sold in Upper 
Austria, being the first of their kind in Europe and worldwide.  

The O.Oe. Energiesparverband, the regional energy agency, analysed 
the first 70 plants which were in operation in order to support a market 
introduction process which is not slowed down by too many faulty 
installations and by too much lack of information. Based on these analyses, 
training seminars for plumbers were developed (with more than 100 persons 
trained in 2 years). Furthermore, administrative barriers were tackled by 
involving the boiler manufacturers. Fire safety regulation represented another 
challenge. Fire authorities had to be convinced of this new technology. 
Information campaigns for end consumers were implemented to increase 
acceptance and awareness. 

2000  1,500 systems were installed in the region. This was a very dynamic 
development, especially taking into consideration that this was not a low-cost 
consumer good but a rather high cost investment where buyers need to be 
convinced that the systems will operate for 15 years and more. Also, in 
general, in a country with a colder climate like Austria, the decision about the 
heating system is a very important one for any homeowner.  

The Oekoenergie-Cluster (OEC), the network of green energy 
businesses was set up by the regional government to support the market 
development of the emerging renewable energy industry, charging the O.Oe. 
Energiesparverband with the management of the cluster.  

2001-2002 The OEC supported the companies’ first export activities outside German 
speaking countries 

2002- today  Several ALTENER/Intelligent Energy Europe projects allowed for an 
international exchange of experience on the development of pellet heating 
markets and also supported the development of information and training 
materials. For example, the so-called Propellets project helped to kick-start 
pellet heating markets also for non-domestic buildings. These projects 
allowed other regions in Europe to learn from the experiences developed in 
Upper Austria and other pioneer regions but also helped the pioneer regions 
in taking the next steps in market development, thereby speeding up the 
market development. Intelligent Energy Europe and the Innova programme 
also support the exchange between sustainable energy clusters, thereby 
strengthening the support infrastructure for business development 

2004-2006 Period of strongest growth in Upper Austria. Pellet boiler manufacturing 
companies doubled and trebled their outputs and had to cope with the 
challenges of fast growth (keeping in mind that these are family-owned 
businesses).  

2007  Setback of the pellet sector in Austria due to a very short period of significantly 
increased pellet prices with the related negative publicity. Some 
manufacturers suffered a decrease in sales of up to 70 % in this year 
(compared to 2006 and 2008).  

2008, 2009 Two pellet campaigns were organised by O.Oe. Energiesparverband with 
financial support from the regional government in 2008 and in 2009 were 
carried out. The pellet campaigns included a billboard campaign, publications, 
media activities and a pellet award (www.pelletskampagne.info). These 
campaigns were aimed at restoring market confidence.  
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Today  Technology diffusion: 

Pellet heating systems are the mainstream technologies for new homes with  
38,000 automatic heating systems (wood chips and pellets) in  
operation.  

  Industrial development:  

7 (of the 12) leading European manufacturers have their headquarters in  
Upper Austria. Currently, several of them start entering the US market  
supported by the O.Oe. Energiesparverband. Companies which started  
their business with a few employees in the early 90-ies become global  
players.  

  Job creation: 

During the past 3 years, boiler companies have created more than 500 jobs  
and thus rewarded the regional government for its long-standing support.  

 

Figure 3: Market development of automatic biomass heating systems in Upper 
Austria 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: O.Oe. Energiesparverband  
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