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enewable energies will inevitably dominate the world's energy supply system

in the long run. The reason is both very simple and imperative: there is no

alternative. Mankind cannot base its life on the consumption of finite energy
resources indefinitely. Today, the world's energy supply is largely based on fossil
fuels. These sources of energy will not last forever and have proven to be one of the
main causes of our environmental problems. Environmental impacts of energy use are
not new but they are increasingly well known. As links between energy use and global
environmental problems such as climate change are widely acknowledged, reliance on
renewable energy is not only possible, desirable and necessary, it is an imperative. The
earth receives solar energy as radiation from the sun, in a quantity far exceeding
mankind’s use. By heating the planet, the sun generates wind. Wind creates waves.
The sun also powers the evapotranspiration cycle, which allows generation of power
by water in hydro schemes — currently the largest source of renewable electricity in
use today. Plants photosynthesize, which is essentially a chemical storage of solar
energy, creating a wide range of so-called biomass products ranging from wood tuel to
rapeseed, which can be used for the production of heat, electricity and liquid fuels.
Interactions between the sun and the moon produce tidal flows that can be intercepted
and used to produce electricity. Renewable energy sources are based on the natural
and interconnected flows of energy of our planet earth.

Though humans have been tapping into most renewable energy sources (wood, solar,
wind, geothermal and water) for thousands of years for their needs, so far only a tiny
fraction of the technical and economic potential of renewable energy has been captured
and exploited. Yet, with existing and proven technologies, renewable energies ofter safe,
reliable, clean, local and increasingly cost-effective alternatives for all our energy needs.
The Renewable Energy Sector has become a driving force for a sustainable economy in
the 21st century. Investments in renewable energy and energy efficiency will lead the
way out of the economic crisis that Europe and the world at large are facing today.
Contronted not only with an economic crisis but also with the challenge posed by climate
change, as well as increasing import dependency and rising fossil fuel prices, it 1s a matter
of urgency that we come up with a solution now and for future generations on how to
conserve economic and social livelihoods and maintain a balanced ecological system. By
promoting renewable energy technologies, we are able to tackle both the security of
energy supply and climate change, while at the same time creating a future-oriented
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sustainable economy. Today the sector 1s already providing more than 450,000 jobs and
has an annual turnover exceeding €45 billion. Combined with improvements in energy
efficiency and the rational use of energy, renewable energy sources can provide every-
thing fossil fuels currently offer in terms of energy services such as heating and cooling,
electricity and also transport fuel. However, as current energy prices do not incorporate
any external costs, the energy market is still distorted and the deployment of renewable
energy sources depends on the appropriate framework conditions in place.

20 PER CENT RES BY 2020: THE EU’S RES POLICY FRAMEWORK

In March 2007, the heads of states and governments of the 27 EU member states adopted
a binding target of 20 per cent renewable energy from final energy consumption by
2020. Combined with the commitment to increase energy efficiency by 20 per cent until
2020 and to reduce greenhouse gas emissions by at least 20 per cent within the same
period (or respectively 30 per cent in case of a new international agreement), Europe’s
political leaders paved the way for a more sustainable energy future for the European
Union and for future generations. In January 2008, the European Commission presented
a draft directive on the promotion of the use of energy from Renewable Energy Sources
(RES) which contains a series of elements to create the necessary legislative framework
tor making 20 per cent renewable energy become a reality. The Directive sets the legis-
lative framework that should ensure the increase of the 8.5 per cent renewable energy
share of final energy consumption in 2005 to 20 per cent in 2020 and, if properly trans-
posed into national law, will become the most ambitious piece of legislation on renewable
energy in the world. The RES Directive (DIRECTIVE 2009/28/EC) (EEC, 2009) was
approved by the European Parliament in December 2008, by the Council at the end of
March 2009, published in the Official Journal in June 2009 and will then need to be trans-
posed in national law. By June 2010, member states will need to submit national action
plans on how they foresee reaching their binding national target. In order to reach the
binding overall 20 per cent target outlined in the RES Directive, the development of all
existing renewable energy sources and a balanced mix of the deployment in the sectors
of heating and cooling, electricity and transport are needed.

Electricity from renewable energy sources

The European Union aims to have 21 per cent of its electricity coming from renewable
energy sources by 2010. This target has been formulated in the Directive 2001/77/EC
on the promotion of renewable electricity. While some member states such as Germany,
Spain and Denmark are well on track to reaching their targets, others are far behind.
The Renewable Energy Framework Directive needs to maintain and strengthen the
existing legislative frameworks for renewable electricity. It needs to establish minimum
requirements for the removal of administrative barriers, including streamlined proce-
dures such as one-step authorization. Issues such as priority grid access and a more
balanced sharing of the costs related to grid connection need to be addressed.

Heating and cooling from renewable energy sources

As far as the heating and cooling sector 1s concerned, the directive finally closes the legis-
lative gap which has existed up until now for this sector. Until recently, Renewable
Heating and Cooling (REES-H+C) has received little political attention and in most EU
member states there is not yet a comprehensive approach to support RES-H+C. This is
particularly striking in view of the fact that nearly half of the EU’s final energy consumption
1s used for the generation of heat, making the RES-heating sector a sleeping giant.
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Biofuels for transport

The EU’s biofuels policy kicked off in 2003 with the first biofuel directive, which set
indicative targets to promote the use of renewable fuels in the transport sector. For
2010 the target was set at 5.75 per cent by energy content. As the experience with the
existing biofuels directive shows, fuel distributors only use biofuels if there is a financial
incentive or because they are forced to use them. Theretfore the renewable energy
directive introduces a binding target of 10 per cent renewable energy in transport by
2020. However, only sustainably produced biofuels are allowed to count towards the
target and the directive proposes a comprehensive sustainability scheme.

THE RES DIRECTIVE
The RES Directive:

* Sets mandatory national targets for renewable energy shares of final energy
consumption in 2020, (including a 10 per cent renewables in transport target):
these are calculated on the basis of the 2005 share of each country plus both a flat-
rate increase of 5.5 per cent per member state as well as a GDP-weighted additional
increase to come up with the numbers as outlined in the table below:

Table 1.1 Mandatory national targets set out in the directive (2005 and 2020)

Share of energy from renewable Target for share of energy from
sources in final consumption of renewable sources in final
energy, 2005 consumption of energy, 2020

Belgium 2.2% 13%

Bulgaria 9.4% 16%

The Czech Republic 6.1% 13%

Denmark 17.0% 30%

Germany 5.8% 18%

Estonia 18.0% 25%

Ireland 3.1% 16%

Greece 6.9% 18%

Spain B8.7% 20%

France 10.3% 23%

Italy 5.2% 17%

Cyprus 2.9% 13%

Latvia 34.9% 42%

Lithuania 15.0% 23%

Luxembourg 0.9% 1%

Hungary 4.3% 13%

Malta 0.0% 10%

The Netherlands 2.4% 149

Austria 23.3% 34%

Poland 7.2% 15%

Portugal 20.5% 31%

Romania 17.8% 24%

Slovenia 16.0% 25%

The Slovak Republic B6.7% 14%

Finland 28.5% 38%

Sweden 39.8% 49%

United Kingdom 1.3% 15%

Source: EREC (2008)
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* Sets interim targets: the directive sets interim targets per country for 2011/12,
2018/14, 2015/16 and 2017/18 as a percentage share of their 2020 target. These
interim targets are crucial for monitoring the progress of renewable energy devel-
opment in a member state, although they are unfortunately only of indicative
nature.

* Requires national action plans from member states stating how they intend to
reach their targets: member states shall adopt national action plans which set out
their targets for the shares of energy from renewable sources in transport, elec-
tricity, and heating and cooling in 2020 and adequate measures to achieve these
targets. Member states shall notify their national action plans to the Commission
for examination by June 2010 at the latest. These plans should provide for two
things: to give member states the flexibility to decide for themselves how they want
to meet their national targets, but at the same time to create investor security and
help to mobilize private capital by setting clear goals and mechanisms on the
national level. National action plans should include detailed mandatory outlines and
targets for the different renewable energy sectors (heating/cooling, electricity and
transport fuels), which show the way ahead on the national level. In addition,
support measures to meet the national targets must be outlined.

* Requires reduction of administrative and regulatory barriers to the growth of
renewable energy, improvements in information and training and in renew-
ables’ access to the grid: administrative barriers are still a major problem for
renewable energy development and need to be removed. There are a number of
non-cost related options to be integrated for any member state in its regulatory
framework in order to really push renewable energies. This is reflected in planning
regulation and administrative procedures. The Directive provides important provi-
sions to remove further administrative and regulatory barriers which must be putin
practice to pave the way for a quick and large-scale RES deployment. Infrastructure
development and priority access for renewables to the grid are key for a large-scale
penetration of renewables. This should not only apply to electricity networks but
also to district heating networks sourced by renewable and gas pipelines for the
increased use of biogas. For information and training, the directive requests member
states to introduce a certification of installers by accredited training programmes.

+ Creates a sustainability regime for biotuels: the binding nature of the 10 per cent
target has triggered the very important debate on sustainability criteria and a certi-
fication scheme. This scheme will serve as an example for biofuel production stan-
dards globally. The industry is committed to strict but practical sustainability
standards that apply for domestic production as well as imports that will eventually
be applied to all energy sources be it biomass, food or fossil fuels.

RES INDUSTRY ROADMAP TO 2020

In January 2004 for the first time EREC called for a binding 20 per cent renewable
energy target by 2020. In November 2008, EREC together with its members drew an
EU technology roadmap outlining how the EU renewable energy industry foresees
reaching the 20 per cent renewable energy consumption target. The estimates given
by the renewable energy industry are based on a feasible annual growth scenario for
the different technologies. Some renewable energy sectors have developed much more
ambitious projections showing that the European renewable energy industry could
deliver much more than 20 per cent.
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Contribution of renewables to electricity consumption for EU-27 by 2020

Under the present state of market progress and the political support given to elec-
tricity generation from Renewable Energy Sources, the current target for RES-Elec-
tricity for 2010 can be met. The overall target can be reached with a higher contribution
by some of the more successful technologies. Table 1.2 outlines the new targets for
2020 with the expected annual growth rates and the necessary growth rate to increase

the share of RES-Electricity significantly.

Table 1.2 Renewable electricity installed capacity projections!

Type of 2002 2006 Annual Projection Annual Projection Annual
energy Eurostat  Eurostat growthrate 2010 growth 2020 growth
2002-2006 rate rate 2010-

2006-2010 2020

Wind 23.1GW 477GW 199 80GW 13.8 180gW 8.5

Hydro 105.5GW 106.1GW 0.2 111GW 11 120GW 0.8

Photo- 0.35GWp 32GWp 739 18GWp 54.0 150GWp 236

voltaic

Biomass 10.1GWe 22.3GWe 210 30GWp 77 50GWe 5.2

Geo- 0.68GW 07GW 0.7 1GW 9.3 4GW 14.9

thermal

Solar - - - 1GW - 16GW 311

thermal

elect.

Ocean - - - 0.5GW - 2.5GW 17.5

Source: EREC (2008)

If the projected growth rates were achieved, renewable energies would significantly
increase their share in electricity production. The estimations in Table 1.3 are based
on the rather moderate growth rate projections.

Depending on the development of the total electricity generation, renewable energies
will be able to contribute between 83 per cent and 40 per cent of total electricity
production. Assuming that the EU will fulfil its ambitious energy efficiency roadmap,
40 per cent of renewables in electricity production by 2020 is realistic.

Contribution of renewables to heat consumption for the EU-27 by 2020

The lack of a favourable political framework in Europe for the renewable heating and
cooling sector up until now has prevented higher market penetration. With the
creation of such a political framework the expectations can be raised and the contri-
bution of RES-heating is especially significant in the biomass sector. But geothermal
and solar thermal energy will also be able to increase their shares significantly.
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Table 1.3 Contribution of renewables to electricity consumption

2005 Eurostat 2006 Eurostat 2010 Projections 2020 Targets
TWh TWh TWh TWh
Wind 70.5 82.0 176 477
Hydro= 346.9 357.2 360 384
Photovoltaic 15 25 20 180
Biomass 80.0 89.9 135 250
Geothermal 54 586 10 31
Solar thermal - - 2 43
elect.
Ocean - - 1 5
TOTAL RES 504.3 537.2 704 1370
Total Gross 3320.4 3361.5
Electricity
Generation EU-27
(Trends to 3568 4078
2030-Baseline)*
(Combined 3391
RES and EE}¢
15.2% 16.0% 19.7% 33.6—40.4%

Source: EREC (2008)

Table 1.4 Renewable heat consumption projections

Type of 2002 2006 AGR Projection AGR Projection AGR
energy Eurostat  Eurostat 2002- 2010 2006— 2020 2010~
Mtoe Mtoe 2006 Mtoe 2010 Mtoe 2020
Biomasss 51.2 60.0 4.0% 75 5.7% 120 4.8%
Solar thermal 0.51 0.77 10.8% 1.5 18.1% 127 23.1%
Geothermal 0.59 0.68s 3.6% 3= 7e 8.8%

Source: EREC (2008)
If the projected growth rates were achieved renewable energies would significantly
increase their share in heating production. The estimations below are based on rather

moderate growth rate projections and 25 per cent in 2020 seems to be possible.

Table 1.5 Contribution of renewables to heat consumption (2006—2020)

2005 Eurostat 2006 Eurostat 2010 Projections 2020 Projections
Mtoe Mtoe Mtoe Mtoe
Biomasss 575 60.0 75 120¢
Solar thermal 0.68 0.77 1.5 127
Geothermal 0.63 0.68 3 7
TOTAL RES 58.8 61.45 79.5 139
HEAT
Total Heat 579.2 570.1
Generation EU-27
(Trends to 2030)10 583.5 606
(Combined RES 54
and EE)"
Share of RES 10.2% 10.8% 13.6% 22.9-25.7%

Source: EREC (2008)

The sole responsibility for the content of this document lies with the authors. It does not
necessarily reflect the opinions of the European Communities. The European Commission is
not responsible for any use that may be made of the information contained therein.



Contribution of biofuels to transport fuel consumption for the EU-27 by 2020

The EU depends heavily on imported energy to run its economy. In the transport
sector there is barely any diversification of energy sources: crude oil fuels more than 98
per cent of the EU’s transport sector. Biofuels have a major role to play both in
improving energy security and tackling climate change, which are the core objectives
of the EU’s biofuels policy. The current biofuels directive sets an indicative target of
5.75 per cent in 2010. In 2007 the EU consumed between 2.5 per cent and 3 per cent of
biofuels for road transport. Given the fact that the European biofuels industry experi-
enced strong double-digit annual growth rates during the past several years Europe is
well on track to reach the 5.75 per cent. With the 10 per cent binding target for the
transport sector the renewable energy directive sends a clear signal to investors and
confirms the EU’s strong commitment to renewable transport fuels.

Table 1.6 Biofuels production projections

Type of 2002 2006 AGR Projection AGR Projection AGR
energy Eurostat Eurostat 2002- 2010 2006~ 2020 2010-

Mtoe Mioe 2006 Mtoe 2010 Mtoe 2020
Transportation 1.05 5.38 50.5% 16 31.0% 34 7.8%
biofuels

Source: EREC (2008)

The renewable energy directive will set an important framework for the future growth
of the industry and will pave the way for a stable investment climate. New technol-
ogies and applications of biofuels will be developed and marketed up to 2020. With this
stimulation of the industry, further coordinated development of biofuels throughout
the EU and the possibility of significantly reducing the oil dependence in the transport
sector over the next years, the European biotuels industry is committed to reach 10 per
cent biofuels by 2020.

Table1.7 Contribution of renewables to transport fuel consumption

2005 Eurostat 2006 Eurostat Projection 2010  Projection 2020
Mtioe Mtoe Mtoe Mtoe
Transportation  3.13 5.38 16 34.0
biofuels
Gasoline and 297.2 300.4
oil consumption
(Trends to 2030— 317.3 3405
Baseling)=
(Combined RES 323.9
and EE)=
Biofuels' 1.05 1.79 5.0 9.7-10.5
Share %

Source: EREC (2008)
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Contribution of RES to final energy consumption

Given the present state of market progress and strong political support, the European
renewable energy industry is convinced it can reach and exceed the 20 per cent
renewable energy share in final energy consumption by 2020. The estimates by the
renewable energy industry are based on a moderate annual growth scenario for the
different technologies. Strong energy efficiency measures have to be taken to stabilize
energy consumption between 2010 and 2020.

Table 1.8 Contribution of RES to total final energy consumption (Mtog)

2005 2006 Projection 2010 Targets 2020
Type of energy Eurostat 2% Eurostat % % %
Final Energy 12115 12148
Consumptioni#
(Trends to 1272 1378
2030)1s
(Combined RES 1266
and EE)®
Wind 6.06 0.50 7.05 0.58 15.13 1.19 41 3.0-32
Hydro 29.82 2.46 30.71 2.53 30.95 243 33 24-26
Photovoltaic 013 0.01 0.22 0.02 1.72 0.14 15.5 1.1-1.2
Biomass 67.51 5.57 73.11 6.02 102.60 8.07 175.5 127-13.9
Geothermal 1.10 0.09 1.16 0.10 3.86 0.30 9.4 0.7
Solar Thermal 0.68 0.06 077 0.06 1.5 0.12 12 0.8-1.0
Solar Thermal elect. 0 0 0.16 0.02 22 02
Ocean ] ] 0.08 0.01 0.4 0.03
Total RES 105.3 8.69 113.02 9.30 156.0 12.3 289 20.9-228

Source: EREC (2008)

EREC and its members assume that a 20 per cent share of renewable energy of final
energy consumption by 2020 is a realistic target for the EU under the condition that
certain policy developments will occur and a continuation of the existing policy
instruments are ensured. The individual sector projections are based on moderate
estimates; some of the sectors forecast much higher figures for their sectors by 2020.
A development of all existing renewable energy sources and a balanced mix of the
deployment in the sectors of heating and cooling, electricity and biofuels guarantees
the start of a real sustainable energy mix for Europe. Table 1.9 gives an overview of
the resulting contribution of renewable energy in the electricity, heating and cooling
and transport sectors towards attaining the overall 20 per cent target.

INTEGRATION OF RENEWABLE ENERGY SOURCES

The rapid deployment of renewable energy technologies, and their even greater
deployment in the near future, raises challenges and opportunities regarding their
integration into energy supply systems. Energy systems are needed to meet the
demands for a broad range of services (household, commerce, industry and transpor-
tation). Energy systems include an energy supply sector and the end-use technology
to provide the aforementioned energy services.
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Table 1.9 Contribution of RES to total final energy consumption by sector (Mioeg)

2005 2006 Projections 2010 Targeis 2020
Type ofenergy Eurostat % Eurostat % % %
Final Energy 121156 1214.8
Consumption?s
(Trends to 1272 1378
2030)
(Combined RES 1266
and EE)e
Electricity 43.36 3.6 46.19 3.8 60.5 4.8 116 8.4-9.2
Heating and 58.81 4.8 61.45 5.0 79.5 6.2 139 10.1-11
Cooling
Transport 3.13 0.3 5.38 0.5 16.0 1.3 34 2527
biofuels
Total RES 105.3 8.7 11302 9.3 156.0 12.3 289 20.9-228

Source: EREC (2008)

Electricity sector

In the EU, the existing electricity supply system is mainly composed of large power
units, mostly fossil-fuelled and centrally controlled, with average capacities ofhundreds
of megawatts. RES are geographically widely distributed and, if embedded in distri-
bution networks, are often closer to the customers. Locating renewable energy and
other generators downstream in the distribution network is known as ‘distributed
generation’. Distributed generation involves the use of small, modular electricity
conversion units sited close to the point of consumption. Distributed energy gener-
ation, close to the end-consumer, differs fundamentally from the traditional model of
an energy system consisting of large power stations generating centrally controlled
power. The approach is completely new, replacing the concept of economy of scale
using large units by economy of numbers (using many small units). Far from being a
threat, distributed generation based on renewable energy offers numerous opportu-
nities. It can:

» reduce the transmission and distribution losses as well as their cost;

* provide customers with continuity and reliability of supply;

* stimulate competition in supply, adjusting process via market forces;

* be implemented in a short time owing to the modular nature of renewable energy
technologies.

Transport sector

In the transport sector, the use of renewable energies in the form of biofuels is becoming
a market reality. However, the integration of renewables requires the adaptation of an
infrastructure which has grown over a century of development based exclusively on
tossil fuels. Besides the gradual substitution of the vehicles in circulation, it is necessary
to develop a new supply chain for the production and distribution of sustainable
transport fuels. This will require substantial investment. However, the development of
the fossil-fuel-based transport system also required investments that were historically
subsidized by the public sector in many countries.

Electric cars will also play a more prominent role in the future. Charging electric
vehicles from the grid at the current stage, however, is not carbon neutral since the
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electricity mix in many countries is still largely composed of fossil fuels. The rapid
deployment of renewable electricity generation 1s a pre-condition for a sustainable
extension of the use of electric cars.

Heating and cooling

In the heating sector, the full integration of renewable energies also requires an adap-
tation of historical infrastructures. This process is particularly important because, in
many parts of Europe, it is already possible for new buildings to be completely inde-
pendent from fossil fuels or electricity for their heating needs. This can be achieved by
using state-of-the-art renewable heating and cooling applications which are combined
with energy efficiency measures and demand-side management. A substantial economic
restriction to the integration of renewable heating (solar thermal, biomass, geothermal)
is caused by the long lifetime of buildings. The installation of renewable heating
systems is much more cost-effective during the construction of a building or when the
overall heating system is being refurbished. This means that there is a short window of
opportunity for cost-effective integration of renewable heating. If this occasion is lost,
for decades that building will remain dependent on fossil fuels or electricity for its
heating. For this reason, it is essential that all possible measures are taken to ensure
that the available renewable heating sources are installed in all new buildings. It is also
necessary to promote the use of renewable heating at the time of the modernization of
the conventional heating system. Renewable heating sources can also be used for
cooling purposes. An increasing number of "well-working’ systems are being installed,
mainly based on solar thermal and geothermal energy. The growing demand for
cooling is having a dramatic impact on the electricity systems in Europe, with several
countries reaching peak electricity demand in summer instead of winter. This problem
can be mitigated by supporting the development and commercialization of renewable
cooling technologies. The choices of millions of citizens in their homes and offices are
crucial to the future integration of renewable energies. Raising awareness among the
general public and in the specific training of the professional groups involved (heating
installers, building engineers, architects, building managers etc.) are therefore very
important.

RESEARCH PRIORITIES

In order to develop renewable energy sources to their full potential, further research
activities are needed:

* Different technologies have been developed in order to produce electricity from
renewable energy sources (wind, biomass, hydro, solar photovoltaic, geothermal,
concentrated solar power, marine energy). These technologies are at a different
stage of development, but all require some further research and development (R&D)
with a view to reducing their cost and facilitating their integration into the grid.

* Biomass, solar thermal and geothermal energy are current renewable energies used
for heating and cooling in buildings where technical research advances can be made.
In order to increase the adoption of renewable energy technologies in buildings,
research should also be addressed towards improving building technologies,
including passive solar design and energy efficiency.

+ Different options are available for the production of renewable-based fuels for
transport applications: renewable electricity to be used in electrical vehicles;
renewable hydrogen to be used either in internal combustion engines or in fuel cells;
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