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Best practice policy design and harmonisation of support schemes for electricity from renewable energy

sources (RES-E) within the European Union have been discussed controversially for years. In contrast,

policies for improving renewable heating (RES-H) penetration in the European Member States and options

for best practice instruments are still being developed. The objective of this paper is to analyse different

levels of policy harmonisation for target compliance and the economics of renewable heating and cooling.

After presenting the degree of RES-H policy harmonisation resulting from Directive 2009/28/EC, a

quantitative assessment is performed of the costs and benefits of different harmonisation scenarios. This

selects the obligation to use renewable heating in buildings as the common policy instrument against

which the effects of harmonisation are analysed. The paper shows that economic benefits can result from

implementing best practice design options for use obligations in EU Member States.

& 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The term ‘policy harmonisation’ is generally linked to the process
of economic integration of regions, federal states or countries. In the
case of the European Union (EU), harmonisation or the implementa-
tion of common competition or trade policy is a prerequisite for the
creation of internal goods, service and factor markets (Pelkmans,
2006). The liberalisation and integration of the European energy
sector, and especially the electricity sector, was first addressed by
Directive 96/92/EC. The Directive aims at establishing a competitive
and transparent internal electricity market. At the same time,
Member States started to introduce different national policy instru-
ments to support electricity generation from renewable energy
sources (RES-E) in order to bring about a transition from a fossil
fuel-based energy supply to a RES-based system. Hence, harmonising
policies to support the deployment of renewable energies has mostly
been discussed with respect to RES-E policy. Ensuring the most cost-
effective resource allocation has been the major argument in favour
of policy harmonisation. This implies the introduction of a harmo-
nised support mechanism with common levels of support and thus
an internal market for electricity from RES (del Rı́o, 2005; Toke, 2007;
Voogt and Uyterlinde, 2006). With the new Directive 2009/28/EC
ll rights reserved.
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(Renewable Directive), renewable heating and cooling (RES-H) are
also addressed in terms of policy harmonisation.

However, the background for the harmonisation of RES-H
policy is quite different. The characteristics of the heating sector
have to be considered not only from a technology- and agent-
specific point of view, but also from the economic integration
perspective. The electricity sector in general can be classified as a
network industry with the potential physical exchange of energy
between Member States. In contrast, the cross-border trade of
heat is only feasible in terms of primary energy sources such as
biomass or fossil fuels.
2. Definition of RES-H policy harmonisation

The harmonisation discussion should not be linked initially to
the introduction of a specific support mechanism with common
support levels. RES-H policy harmonisation already begins with
an agreement on common targets (1) for future RES deployment
(Fig. 1). If it is assumed that RES-H installations are still not
economically viable without support, Member States will have
to promote RES-H in some way as a first consequence of the
common target setting. Subsequently, the next step in the
harmonisation process is the postulation of binding framework
conditions for all types of RES-H support in terms of technical
standards or minimum design criteria for certain policy instruments,
isation options for renewable heating support policies in the
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whereas the actual specific type of support is chosen by the Member
States independently (2). According to Bergmann et al. (2008), such
a framework is defined as ‘‘central co-ordination, whereas a ‘‘con-
vergent’’ policy at European level defines one support instrument in
all Member States, which is designed nationally. In this paper, the
latter is described as convergence of instrument type (3). If the precise
design of a common support instrument is also specified on the
European level, the degree of harmonisation is denoted here as
convergence of instrument design (4). For instance, in the case of a use
obligation as the common policy instrument, full harmonisation
would imply the regulation of technology-specific minimum levels
of RES-H deployment as well.
1 The Keymark is a voluntary certification mark developed by the European

Committee of Standardisation (CEN, 2010).
3. RES-H policy harmonisation resulting from
Directive 2009/28/EC

Directive 2009/28/EG addresses different fields in terms of
RES-H policy harmonisation, which can be distinguished by the
degree of harmonisation using the terms introduced above. The
following paragraphs give a comprehensive overview of all
the policy implications concerning RES-H.

3.1. Common target setting

All Member States have committed themselves to the EU
targets for the expansion of renewable energies by 2020. There-
fore, minimum levels of renewable energy in terms of final energy
have been derived for each Member State depending among other
criteria on the current deployment of RES. According to Article
4 of the Directive, Member States should stipulate their national
targets as well as the measures to achieve them in National

renewable action plans. This individual target setting becomes
the first step towards policy harmonisation through the possibi-
lity of statistical transfer, which is also introduced by the Renew-
able Directive (Article 7). This establishes the opportunity to trade
energy from renewable sources between Member States on a
statistical basis.

3.2. Central coordination resulting from the Directive

The Renewable Directive defines binding framework conditions
as well as minimum design criteria concerning RES-H policy. The
former include especially information and training requirements.
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
Article 14 (2) says that transparent information about the efficiency
and costs associated with RES installations shall be provided by
public authorities or suppliers. Furthermore, Member States are
obligated to introduce qualification and certification schemes for
installers of RES plants (Directive 2009/28/EC, y14(3)). Binding
criteria for these qualification schemes are also defined in the
Directive. In this way, accredited training programmes for biomass
boilers, heat pumps, shallow geothermal and solar thermal collec-
tors can be offered continuously with a regional or national coverage
to all the occupational groups dealing with installing and operating
heating systems. In order to enable lifelong learning and to support
the diffusion of new technology, installer certification should be
time restricted, making refresher courses, e.g. on new RES technol-
ogies, necessary for continued certification.

With respect to harmonisation, Member States are obligated to
recognise each other’s qualification and certification schemes.
Altogether, the information and training requirements can be
described as important and useful flanking measures in support
of RES-H.

Apart from these more general framework conditions, mini-
mum design criteria in terms of technical standardisation also
result from the Renewable Directive. Member States must intro-
duce clearly defined specifications for all RES installations, which
are entitled to support schemes. Thereby, existing European
standards like eco- or energy labels shall be considered
(Directive 2009/28/EC, y13(6)). Table 3-1 gives an overview of
the European standards referred to in the Renewable Directive
with respect to renewable heating and cooling. In the case of
biomass, the Directive does not refer to an external standard, but
instead postulates minimum conversion efficiencies.

For heat pumps, it refers to the ecological criteria of the
respective Community eco-label established in Decision 2007/
742/EC, which defines minimum efficiencies under test condi-
tions (European Commission, 2007). No specific standard is
mentioned for solar thermal, however, the annex of the Directive
refers to the Keymark scheme for solar thermal products (Solar
Keymark),1 which is the only established quality framework for
solar thermal collectors at European level. The certification mark
refers to a number of European standards (EN) defining uniform
test methods and quality requirements. Consumers, suppliers and
public authorities benefit equally from such a harmonised certi-
fication mark. For consumers, it makes it easier to compare solar
thermal products in terms of quality and thermal performance.
Suppliers and the public authorities responsible for RES support
both stand to gain from a simplified approval process for support
schemes in different countries.

With regard to minimum design criteria of RES-H support
schemes, the Renewable Directive also defines mandatory sustain-
ability criteria for biofuels and bioliquids (Directive 2009/28/EC, y17).
According to Article 17 of the Directive, the sustainability criteria
have to be applied to any financial support mechanism or compliance
with the renewable energy use obligation. Bioliquids can be processed
in conventional oil-fired boilers and thus could be used to comply for
instance with a use obligation for RES in buildings or a quota system.
The sustainability criteria set minimum greenhouse gas (GHG)
savings for the use of bioliquids relative to conventional fossil fuel
deployment.
3.3. Convergent policy resulting from the Directive

The far-reaching aspect with respect to RES-H/C policy harmo-
nisation is the introduction of a use obligation as a common policy
isation options for renewable heating support policies in the
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Table 3-1
Overview of European standards for RES installations referred to in the Renewable Directive.

Technology Source of standard Criteria defined Min. requirements

Electric heat pumps

(up to 100 KW)

Community eco-label established

in Decision 2007/742/EC

� COPa (heating) 2.6 (air/water) to

5.1 (water/water)

� EERb (cooling) 2.2 (air/water) to

4.4 (water/air)

Gas heat pump

(up to 100 KW)

� COPa (heating) 1.14 (air/water) to

2.24 (water/water)

� EERb (cooling) 0.97 (air/water)

1.93 (water/air)

Solar thermal

collectors

Solar Keymark based on EN

12975/ EN 12976

� Product quality Requirements for temperature, frost resistance

and mechanical resilience

� Determination of thermal

performance

No minimum requirements for thermal

performance

� Test methods

� Uniform conditions

Biomass Directive 2009/28/EC � Conversion efficiency 85% (residential/ commercial app.) 70%

(industrial app.)

Bioliquids Directive 2009/28/EC � GHG savings relative to

fossil fuel deployment

Existing installations: 35% from 2013 50% from

2017 New installations: 60% from 2017

a Coefficient of performance (COP) is the ratio of heat output to electricity or gas input for a specified source and output temperature

(European Commission, 2007).
b Energy efficiency ratio (EER) is the ratio of cold output to electricity or gas input for a specified source and output temperature

(European Commission, 2007).
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instrument. Article 13 (4) requires the use of minimum levels of
energy from RES in new buildings and those undergoing major
renovation from 2014 onwards, and from 2012 onwards for public
buildings (Directive 2009/28/EC, y13(5)). However, the Directive
neither specifies the minimum levels nor the RES technologies
needed to comply with the regulation.

The obvious interpretation of this article is that Member States
should introduce a renewable use obligation similar to the ones
already in place in Germany or Spain, which oblige building
owners to cover part of their heating and cooling demand with
RES. However, energy demand in buildings consists of electric
power consumption as well. Compliance with the Directive could
thus also be achieved through the use of RES-E. Hence, another
possible interpretation is that the use obligation is fulfilled if
RES-E has a minimum share in the gross electricity generation,
which is then calculatory distributed to each building. Never-
theless, the Directive’s phrasing ‘‘use in building’’ implies a spatial
relation between energy consumption and generation—with the
exception of district heating, which is explicitly mentioned as one
way to comply. As a result, all the micro-generation technologies
based on RES could be applied including photovoltaic solar
systems and small wind turbines.

Consequently, it is not correct to interpret the postulated use
obligation as a policy instrument promoting purely renewable
heating and cooling. For instance, one possible national imple-
mentation could be the obligation to install photovoltaic solar
systems in all new buildings, which would basically result in a
RES-E support mechanism.

This makes the relevance of the different degrees of harmonisa-
tion in terms of implications at national level very clear. The
proposed use obligation can be described at best as a convergent

policy, which postulates a common policy instrument or support
scheme, but leaves the design and specifications to the respective
national legislation. As shown by the possible interpretations above,
even the sector-specific policy implications can vary—resulting in a
support mechanism for RES-H and/or RES-E. The only common
policy implications of the use obligation postulated in the Renew-
able Directive is that in all Member States a minimum share of the
energy demand of buildings shall be supplied by RES-based systems.
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
4. Criteria to evaluate the costs and benefits of RES-H policy
harmonisation

In order to reach the targets stated in the Directive 2009/28/EC,
the challenge for either Members State’s or a harmonised European
renewable energy policy is to increase the share of RES-H significantly
until 2020. For instance, solar thermal capacities need to be expanded
tenfold until 2020, geothermal capacities eightfold and grid-based
biomass threefold (Ragwitz et al., 2009) Hence, a very high share
of all potential RES-H investments needs to be realised. However, long
reinvestment cycles in the building sector limit the diffusion rates of
RES-H technologies. In the industrial sector, there is a large share of
high temperature heat demand, which cannot be easily provided by
RES-H. A further complication is that the barriers to renewable energy
systems in the heating sector are likely to be much stronger than for
electricity and transport because the individual preferences of many
small- to medium-scale investors are affected.

The main issue is whether a more coordinated or harmonised
policy framework is able to address the main barriers to an
expansion of RES-H/C more effectively and economically than
an uncoordinated policy on Member State level. In general, the
potential economic benefits of harmonisation can be evaluated
according to the following main criteria:
1.
isa
086
Cost optimal resource allocation—minimisation of generation
costs by investing where it is most profitable.
2.
 Enforced target compliance—saying that without a harmo-
nised policy framework, Member States would only continue
the current policy mix.
3.
 Minimisation of transaction costs.

4.
 Minimisation of total policy costs.

5.
 Avoidance of market distortions in order to support the idea of

a harmonised European internal market.

4.1. Cost optimal resource allocation

One of the strongest arguments for harmonising RES-E support
schemes has been a cost optimal resource allocation of renewable
tion options for renewable heating support policies in the
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energy sources. That is, in a harmonised policy scheme, renewable
systems would be installed first in countries (or regions) where they
are economically the most efficient. Several model-based simulation
studies have analysed the potential savings in total generation costs
through harmonised support levels for RES-E (Huber et al., 2006;
Resch and Ragwitz, 2010; del Rı́o, 2005; Fürsch et al., 2010) In the
case of a financial support scheme like feed-in tariffs or quota
systems investors would favour regions with lowest generation
costs first and therefore additional generation costs might be
reduced under a harmonised support scheme. This is, however,
not the necessarily case for total policy costs, if the applied policy
scheme leaves the rent occurring from least cost resource allocation
only to the producer. This argument is based on two main assump-
tions: first, generating costs for RES technologies differ significantly
between Member States or regions. Second, the existence of an
EU-wide internal energy market for the respective commodity, as
introduced by Directive 96/92/EC for a single electricity market. For
RES-E, the first assumption is valid due to the different climate
conditions across EU states, e.g. resulting in relatively higher or
lower full load hours of wind parks. To a certain extent, this is
relevant for RES-H as well, for instance considering differences in
solar insolation. However, the economic efficiency of RES-H tech-
nologies is more dependent on technology standards and infra-
structural prerequisites, which either facilitate or inhibit the
expansion of RES-H like the availability of heating or gas networks.

The second assumption holds rather for RES-E than for RES-H.
On behalf of the European Commission, a lot of attempts have been
made in order to establish a common electricity market. More
favourable conditions for the electricity market as compared to the
heating sector exist not only in terms of the physical transmission of
electricity between regions and Member States, but also in terms of
the trade in electricity on market places like the European Energy
Exchange (EEX). In contrast, there are significantly different pre-
requisites in the heating sector. There is no market place for the
commodity ‘‘heat’’. Only primary energy sources such as gas, heating
oil or to a certain extent biomass are subjected to trade.

The highly decentralised on-site heat production in many
Member States, a majority of private investors (building owners),
marginal cross-border trade and the lack of country-wide trans-
mission grids in combination with long reinvestment cycles
substantially limit the argument of cost optimal resource alloca-
tion as the main criteria for policy harmonisation. Nevertheless,
potential benefits can still be gained by harmonising policy
instruments and policy design in order to reach an EU-wide
target for RES-H deployment instead of national targets. Coopera-
tion mechanisms could be applied in order to balance countries
exceeding their targets and those not reaching them.

4.2. Enforced target compliance

For RES-H, one of the main arguments for further policy harmo-
nisation is the potential to enforce compliance with renewable
targets. Common target setting as the only harmonised policy is
not sufficient since Member States are likely to continue their current
policy mix or delay the implementation of needed policies. Although
RES targets and measures to reach them have to be laid down by
Member States in the National Renewable Action Plans, so far there
have been no consequences in the case of insufficient policy support.
Up to now, a use obligation including different renewable heating
options has only been implemented for new buildings in Germany,
whereas a solar thermal obligation forms part of the building codes
in Italy, Portugal and Spain. Investment incentives and tax rebates,
which are currently the most dominant measures for supporting
RES-H/C in the Member States, are subjected to budget availability
and generally not sufficient for commercially owned apartments
or office buildings where willingness-to-pay is low. With the use
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
obligation proposed in the Renewable Directive, a concrete support
scheme and a clear time frame have been given. Thus, the obligation
of Member States to implement this or a comparable support scheme
is most likely to lead to enforced target compliance.

4.3. Minimisation of transaction costs

Another argument for a strong harmonised policy framework
is the minimisation of transaction costs. For instance, harmonised
technical standards simplify the product registration of renew-
able technologies for support schemes. Thus the transaction costs
for suppliers can be reduced. However, it is questionable whether
or not the transaction costs of public authorities are lower in a
fully harmonised support mechanism. Such a harmonised support
mechanism is probably still administered by each Member State
individually, rather than a central European authority so that
there are no savings in terms of administrative synergies. How-
ever, transaction costs may be reduced through common admin-
istrative standards and documentation.

4.4. Minimisation of total policy costs

Another criterion, which is very important in the discussion of
harmonisation in the RES-E sector, is the ‘‘minimisation of total policy
costs’’ (Haas et al., 2010; Muñoz et al., 2007). In this context, policy
costs are defined as the additional costs to be paid by consumers and
governments. According to Haas et al. (2010), the policy costs induced
by a quota or feed-in support scheme for RES-E consist of additional
generation costs and the producer surplus. This criterion depends
strongly on the detailed policy design. In particular it depends on
whether the policy is implemented in a technology-specific or
technology-neutral manner. Technology neutrality typically involves
high producer rents for less costly technologies. Negative effects in
terms of high producer rents or windfall profits are limited though for
many RES-H support options. Since the heating sector comprises
decentralised small-scale installations to a large extent, producers and
consumers are often the same actor. Particularly in case of an
obligation without a trading of certificates producers and consumers
equal. On the other hand, a producer surplus is generally conceivable
for example if certificate based quota systems are used or if heat is
supplied via district heating networks to obliged parties. However,
district heating always has to compete with decentralised
technologies—unless network connection is compulsory in certain
regions. If government funds are provided to support RES-H, as it is in
most European Member States, producer rents become relevant since
support expenditures are socialised by tax payers’ money. In the case
of a non-tradable RES-H use obligation, additional generation costs
paid by the consumer have to be considered the main policy-cost
component. Potential penalty payments in the case of non-compli-
ance with the use obligation are an additional burden for the
consumers, even though they actually represent a distribution effect
from consumers to public authorities. Investment subsidies or tax
breaks provided by federal governments signify a distribution effect
the other way round. Such transfers need to be considered when
determining the total policy costs.

4.5. Avoidance of market distortions

The avoidance of market distortions to support a harmonised
European internal market is also a potential benefit of policy
harmonisation. For instance, competition for the highest subsidies
can be avoided through a harmonised obligation. Furthermore,
RES-H also needs to show strong growth in the industry sector,
which often faces strong international competition. Therefore
a similar ambition level throughout the EU would help avoid
distortions.
isation options for renewable heating support policies in the
086
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An aspect, which is also relevant with respect to the avoidance
of market distortions, is the harmonisation of fuel taxes for fossil
fuels. These fiscal policies still show substantial differences
between EU Member States. Further convergence of fiscal policies
will be important to reduce distortions for the competitiveness of
RES-H technologies.

The following section describes the quantitative analysis
performed in this study. It focuses on the analysis of benefits in
terms of RES-H diffusion and of costs in terms of additional
generation costs. However, the model applied in this analysis
does not include an evaluation of transaction costs or potential
benefits through the avoidance of market distortions.
5. Quantitative assessment of different levels of RES-H policy
harmonisation

In this paper, different levels of policy harmonisation are
evaluated using a quantitative modelling approach. The bottom-
up energy system model INVERT/EE-Lab (Kranzl and Hummel,
submitted) is applied to assess the possible costs and benefits of
RES-H policy harmonisation with reference to six Member States –
Austria (AUT), Greece (GR), the Netherlands (NL), Lithuania (LT),
Poland (PL) and the United Kingdom (UK) – which are meant to
represent differences in RES-H market maturity for all the
European Member States. The scope of this paper is limited to
RES-H in the building sector in a time frame from 2007 to 2030.
The analysis is based on data collected within the Intelligent

Energy project RES-H policy (http://www.res-h-policy.eu) by the
respective project partners from the examined Member States.
Energy prices are taken from Eurostat for 2007–2009 and growth
rates up to 2030 are based on the medium price scenario of
Capros (2008) and Resch et al. (2009).

5.1. Comparison of the current situation with regard to RES-H

deployment in the selected Member States

The development of renewable heating in the selected Member
States differs significantly with regard to the level of market
maturity, applied technologies, energy supply structure as well as
the current state of energy efficiency in buildings. For instance, solar
thermal systems as well as modern biomass central heating boilers
are quite common in Austria (Kalt and Kranzl, 2009). In Greece, solar
thermal systems for domestic hot water have become a standard
heat supply system in buildings (Giakoumi, 2009). However, the
installed solar systems in Greece are predominantly thermosiphon
systems, which represent a different technology type in terms of
system design and efficiency than for instance the solar systems
with forced circulation applied in Austria and other regions with a
lower average temperature. The already high RES-H energy demand
in Poland is met to a large extent by low efficiency biomass boilers
(Choromanski and Wnuk, 2009). The British heating market on the
other hand is dominated by natural gas supply with the largest gas
transmission network in Europe (Connor and Xie, 2009; Eurostat,
2010). In contrast, the heat demand in Lithuania is covered mainly
by district heating supplied by large heating plants and combined
heat and power (CHP) plants (Gatautis et al., 2009). The differences
with regard to market development, technology diffusion and
infrastructural prerequisites result in dissimilar economic conditions
for RES-H technologies.

Fig. 2 summarises an analysis of the current competitiveness
of RES-H technology in the selected Member States. Three
indicators are used for the comparison:
(1)
Pl
Eu
Consumer prices for heating oil, natural gas and electricity
used for heating.
ease cite this article as: Steinbach, J., et al., Analysis of harmon
ropean Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
(2)
isat
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Relation of the specific investments for RES-H-based technol-
ogies to fossil fuel-based technologies.
(3)
 Current RES-H deployment as an indicator for market
maturity.
Consumer prices for non-renewable energy sources and their
expected future development are a crucial factor for whether and
to what extent RES-H technologies are considered when invest-
ment decisions are being made. IEA (2007) says that substitution
opportunities for applying RES-H depend on the particular energy
sources used in the country. If, for instance, high priced energy
sources like electricity dominate the heating supply, the competi-
tiveness for RES-H systems is higher.

Thus, the y-coordinate of Fig. 2 corresponds to a conventional
energy reference price. This price is determined by the average
consumer prices for fuel oil, natural gas and electricity, weighted
according to their respective share in the country’s total energy
demand for heating. The second indicator accounts for the
differences in investments when installing either RES-H or con-
ventional fuel based technologies. The specific investment ratio
between RES-H applications and fossil fuel based systems is
depicted on the x-axis in Fig. 2. The average specific investments
coefficient (h/kW) of RES-H based technologies is calculated by
weighting all the technologies available for future application
according to their current share in RES-H demand. This is also
done for fossil fuel-based technologies. In the country compar-
ison, a higher ratio indicates a higher competitiveness of RES-H.
The third indicator is meant to show the market size of RES-H in
the respective Member States. The current RES-H energy demand
indicates to what extent RES are already established in the
heating market. The level of market development indicates the
degree of technological availability as well as the availability of a
trained labour force and the skills needed for installing renewable
heating systems. Fig. 2 compares the current RES-H market size in
the selected Member States relative to each other in absolute
numbers (Fig. 2 upper part) expressed by the size of the
respective bubble. The lower part of the figure illustrates the
cross-country comparison for the relation of RES-H demand to
total heat demand, i.e. in relative terms. The results reveal diverse
prerequisites for the future expansion of RES-H in the selected
Member States.

5.2. Methodology to assess different levels of RES-H harmonisation

Considering the described economic conditions for RES-H,
which vary among the selected Member States, the costs and
benefits of two harmonisation levels are analysed. This focuses on
two issues relating to the criteria defined below: (1) What effect
does a convergent policy have in terms of enforced target
compliance? (2) Would a more harmonised policy framework
achieve a cost optimal resource allocation of RES-H?

The use obligation for RES-H introduced by Directive 2009/28/EC
is chosen as the policy instrument against which the effects of policy
harmonisation are examined. Two harmonisation scenarios – ‘‘con-
vergence of instrument type’’ and ‘‘convergence of instrument
design’’ (see 2) – and a ‘‘no policy’’ scenario are defined. In the first
harmonisation scenario, the use obligation is set within a national
design (minimum share, level of penalty for opting out), which is
based on national targets for RES-H diffusion. The second harmonisa-
tion scenario defines a uniform design for a use obligation in all the
countries, which aims to enforce the overall RES-H diffusion of all
selected Member States of the first scenario.

The comparison between the ‘‘no policy’’ and the ‘‘convergence
of instrument type’’ scenarios shows the potential effect of the use
obligation in terms of enforced target compliance. The second
analysis compares the different levels of harmonisation. The design
ion options for renewable heating support policies in the

http://www.res-h-policy.eu
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Fig. 2. Comparison of the economics of RES-H among selected Member States.

Source: Own illustration based on data collected within the RES-H policy project.
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of the use obligation in the ‘‘convergence of instrument design’’
scenario is determined using a cost optimal approach. The con-
straint is the overall target achievement compared to the
first harmonisation scenario. This ensures that the total RES-H
share across all the countries does not fall below the one in the
‘‘convergence of instrument type’’ scenario.

5.3. Model description

The first version of the disaggregated bottom-up model
INVERT/EE-Lab was developed within the Altener project Investing

in RES & RUE technologies by the Energy Economics Group of
Vienna University of Technology (Kranzl et al., 2005). The model
simulates consumer decisions regarding heating system changes
dynamically as well as energy efficiency improvements in resi-
dential and non-residential buildings, thus enabling scenario
calculation of future energy demand in the building sector.
In addition, the effects of different policy measures can be
modelled. The basic algorithm is a stochastic, non-recursive,
myopic optimisation with cost minimisation as the target.
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
Constraints included in the model are as follows: resource
potential, diffusion rates of technologies, maximum replacement
and renovation rates as well as system-specific lifetimes. For a
detailed model description refer to Kranzl and Hummel
(submitted). Within the RES-H policy project, country specific
data have been collected concerning the respective building stock,
existing technologies and their related costs as well consumer
prices. These references buildings (geometry, insulation, u-values)
and references technologies serve as the basic input for the model
resulting in different building type—technology combinations
(building segments). Demolition and new construction of buildings
as well as renovation and change of heating systems are simu-
lated endogenously for each simulation year as a function of
building components’ age (external walls, windows, etc.) and
heating systems’ age.

The use obligation is implemented with an alternative penalty,
which consumers can choose to pay in order to opt out. The second
design element of the use obligation within the model is the
minimum share of RES-H in a building’s energy demand, which
has to be applied in order to fulfil the obligation. Additionally,
isation options for renewable heating support policies in the
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the model allows for a combination of RES-H application plus
penalty if the minimum share cannot be achieved by installing
RES-H alone. Thus, these two parameters (minimum share of RES-H
and penalty payment) are the main differentiation between the
harmonisation scenarios.2

A harmonised design in the second harmonisation scenario is
represented in the model by a uniform penalty level and the same
minimum RES-H share in all countries over the whole simulation
period.

5.4. Modelling results

In the following, the modelling results are summarised by
comparing the outcomes of the scenarios defined above. Fig. 3
shows the general effect of a nationally designed use obligation in
terms of RES-H diffusion at cluster level as well as at country
level. In comparison to the ‘‘no policy’’ scenario, the overall RES-H
share in total energy demand for heating and domestic hot water
is about 7.4% higher in 2030. The additionally induced RES-H
energy demand cumulated up to 2030 amounts to 630 terawatt
hours (TWh). The country comparison – on the right-hand side of
Fig. 3 – clearly demonstrates the differences concerning the
effects of the policy instrument in the selected Member States.
On the one hand, this reflects the different conditions regarding
the status quo for RES-H analysed in Fig. 2. On the other hand, the
model also incorporates preferences for certain heating systems,
which are calibrated at the current RES-H deployment. For
instance, the effect of the use obligation is limited in Austria
(AUT) since RES-H systems are already established here and there
is a relatively high willingness to pay for such technologies.
Looking at Lithuania (LT), the results imply that a use obligation
2 The model design does not allow for setting technology specific minimum

shares. However, technology differentiation is modelled implicitly by varying the

two parameters—penalty level and minimum RES-share leading to different

technology diffusion path (see Section 5.4).

Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
is needed in order to maintain the current RES-H share. This
is because current renewable heating demand is met to a large
extent by low efficiency wood log burning fire places. The
assumption in the model is that such systems are most likely to
be replaced by modern heating systems if the heating system
is renewed or renovated. The results show that, without a use
obligation, the RES-H share will decline significantly due to
replacement by fossil fuel-based technologies such as CHP-based
district heating. Even with a use obligation, the share of renew-
able heating does not increase.

Besides the benefits of a higher RES-H diffusion, its additional
costs also have to be taken into account. In this paper, the total
generation costs of the respective supply structure resulting from
each scenario are determined. The generation costs of heating
systems in this analysis are defined according to VDI 2067-1 (2000)
as capital-related costs, consumption-related costs (fuel costs), opera-
tion-related costs and other costs. Investments are translated into the
annuity of capital-related costs with a general interest rate of 6% and
an assumed operating life expectancy of 20 years.

Fig. 4 summarises the additional generation costs incurred in
the convergence of instrument type scenario compared with the no

policy scenario. The right-hand side of the figure shows the cost
increases of cumulated generation costs for each country up to
2020, or 2030.

The second analysis performed in this paper quantifies poten-
tial harmonisation gains through cost optimal resource allocation
as well as improved instrument design. Therefore, the results of
the convergence of instrument type scenario (national design of use
obligation) and the convergence of instrument design scenario
(harmonised use obligation) are compared with respect to total
generation costs and the distribution of the costs and benefits
among the selected Member States. The overall RES-H share in the
case of a harmonised use obligation in all countries increases to
18.7% by 2030—which is slightly higher than in the first harmo-
nisation scenario resulting in a RES-H share of 18.4%. However,
as expected, the level of RES-H deployment changes among the
isation options for renewable heating support policies in the
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countries. Whereas more RES-H is deployed in the United Kingdom,
Austria and Poland, it decreases in the Netherlands and Greece
compared to the first harmonisation scenario (Fig. 5).

In total, cost savings of almost 3.3 billion euros are accumulated
up to 2030 in the convergence of instrument design scenario—which
is less than 1% of the total cumulated generation costs. Savings for
consumers with respect to total cumulated penalty payments
amount to about 3.6 billion or 0.2 billion h up to 2030 or 2020,
respectively. The distribution of avoided and additional costs
among the selected Member States reveals how these overall cost
savings are realised (Fig. 7). As expected, the first effect is a cost
optimal or more cost-effective resource allocation, which is
demonstrated by the results of Austria and the Netherlands:
additional RES-H energy demand in Austria exceeds the lower
RES-H deployment in the Netherlands (Fig. 6), while total genera-
tion cost savings in the Netherlands are higher than the additional
generation costs in Austria at the same time (Fig. 7).

However, the difference between the two harmonisation
scenarios with respect to the United Kingdom exposes the major
effect leading to overall cost savings: the UK’s total cumulated
generation costs are lower within a harmonised use obligation
although this leads to higher RES-H diffusion. This effect can be
attributed to a different technology diffusion path in the UK
resulting from the change of policy design. Hence, the cost savings
allocated to the described effect cannot only be due to a cost
optimal resource allocation among Member States, but rather to a
more cost-efficient national policy design. The latter is generally
independent of policy harmonisation. Fig. 8 illustrates once again
the effects of the different RES-H diffusion paths resulting from
the two harmonisation scenarios by 2030. The structure of the
renewable heating energy demand is depicted using the United
Kingdom and Greece as examples.

In summary, the results of the second analysis indicate that
two effects result in cost savings in the convergence of instrument

design scenario compared with the convergence of instrument

type scenario. The first comprises harmonisation gains due to a
different distribution of RES-H deployment among Member
States. The second is gains due to better national policy design.

We would like to stress that the quantitative analysis of
possible cost reductions has been limited to the generation costs.
Total policy costs, which would also involve possible producer
rents in case of district heating and transaction costs could not be
treated by the approach applied here.
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
Furthermore we did not investigate effects of a possible
convergence of fossil fuel taxes on the competitiveness of RES-H
technologies and the effects on additional generation costs caused
by such fiscal policies. A coordination of fiscal policies in EU
Member States would lead to a shift of additional generation costs
occurring in each country but would not impact the results on the
efficient design of RES-H use obligations.

This quantitative analysis does not consider how potential
harmonisation gains could be distributed among Member States.
Cooperation mechanisms and systems, which provide incentives
for a cost optimal resource allocation, would have to be taken into
account here. We refer the reader to the article by Klessmann
et al. (2010) regarding the potential design variants of coopera-
tion mechanisms and their application for facilitating cooperation
between Member States in achieving their national RES targets.
The following paragraph discusses the ‘‘guarantees of origin’’
(GoO) system within Directive 2009/28/EC and its potential
future role for harmonised RES-H policy.
6. The role of guarantees of origin in a harmonised
policy framework

Directive 2009/28/EC applies the GoO concept, which is well
known from the RES-E market, to the heating and cooling market.
isation options for renewable heating support policies in the
086

dx.doi.org/10.1016/j.enpol.2011.11.086


17.2

-5.3

0.4

-5.6

6.6

29.8

-10

-5

0

5

10

15

20

25

30

35

AUT GR LT NL PL UK 

[T
W

h]

Differences in cumulative  RES-H demand 
(absolute)

2.18%

-1.80%

0.26%

-1.70%

0.68%

11.25%

-4%

-2%

0%

2%

4%

6%

8%

10%

12%

14%

AUT GR LT NL PL UK 

[%
]

Differences in cumulative  RES-H demand 
(relative)

Fig. 6. Differences in cumulative RES-H demand between ‘‘convergence of instrument design’’ scenario and ‘‘convergence of instrument type’’ scenario (in absolute and

relative figures).

Source: Own illustration.

-3,280

-222

-3,800

-3,300

-2,800

-2,300

-1,800

-1,300

-800

-300

cumulated to 2030 Cumulated to 2020

[ €
m

ill
io

ns
]

Differences in cumulated generation costs 
total  

658

-64

24

-1,473

-197

-2,228

327
88 5

-33 -98

-511

-2,500

-2,000

-1,500

-1,000

-500

0

500

1,000

AUT GR LT NL PL UK 

[ €
m

ill
io

ns
]

Differences in cumulated generation costs by 
country

Fig. 7. Difference in total generating costs between ‘‘convergence of instrument design’’ scenario and ‘‘convergence of instrument type’’ scenario.

Source: Own illustration.

J. Steinbach et al. / Energy Policy ] (]]]]) ]]]–]]] 9
Under Article 2 (definitions) of the Directive 2009/28/EC, the
guarantee of origin is defined as ‘‘an electronic document, which
has the sole function of providing proof to a final customer that a
given share or quantity of energy was produced from renewable
sources as required by Article 3(6) of Directive 2003/54/EC’’. The
definition provided by Article 2 refers to the Electricity Market
Directive 2003/54/EC and only applies to the use of GoO in the
renewable electricity market. However, Article 15 explicitly trans-
fers the GoO concept to the renewable heating and cooling sector.

This raises the question which role the GoO for RES-H could play
in any form of harmonising RES-H support policies. The Directive is
quite clear about the role GoO would have with regard to this
question: according to Article 15, it will not have any function in the
way the binding RES targets are accounted for or how Member
States provide evidence that their targets have been met. Nor does
the GoO play any role within the flexibility mechanisms – statistical
transfers, joint projects, and joint support schemes – in the sense of
the Directive. Thus the GoO for RES-H/C could only potentially be
used in trading renewable heating or cooling products on the
voluntary market—analogous to the use of GoOs in facilitating the
cross-border trade of RES-E on the voluntary green power market.
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
It is difficult to transfer the experiences and lessons learnt
from running GoO schemes in the RES-E sector to RES-H/C
because of the structural and technical differences between the
two commodities as described in Section 4. However, the GoO
concept could play a role in administering public support instru-
ments for RES-H/C.

In order to analyse the potential benefits of a GoO scheme
for RES-H/C, it seems appropriate to differentiate sub-sectors of
the RES-H/C market, especially between small-scale decentralised
and large-scale grid-connected applications. The next section
reflects this discussion. In the subsequent sections, the potential
benefits of a GoO scheme will be contrasted with a national or
harmonised use obligation support scheme.

6.1. GoO system in different sub-sectors of the RES-H market

In a decentralised supply system, the producer and the con-
sumer is generally the same actor, as heat or cold is produced for
private use in residential buildings and non-residential buildings.
In this sector, a GoO scheme does not seem to offer any practical
benefits, especially in the case of private households. The general
isation options for renewable heating support policies in the
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benefit of GoO in decentralised systems, e.g. in terms of minimis-
ing the risk of double counting, appears very limited, since the
renewable heat is consumed at the place of its production. Double
counting of a certain amount of RES-H can therefore be excluded.

Unlike a decentralised system, a district heating or cooling grid
supplies consumers with heat or cold as a commercial product,
where the producer is clearly separated from the consumer.
A GoO scheme for RES-H/C could make sense, especially in larger
supply systems in which heat and cold from fossil sources is also
available. Here, the GoO would enable a clear allocation of
the environmental value attached to RES-H/C to the supplier or
consumer side. Because of the heterogeneous supply structures in
a heating grid and the different sources that are used in the
different production units, it is currently only possible for a
consumer to know the percentage of RES-H in the grid if the
supplier provides the respective information. Another benefit of a
GoO scheme for grid-connected RES-H is its analogy to the RES-E
sector and the possibility to benefit from already existing struc-
tures and experiences. In contrast, GoOs for small local heat grids
with only a few connected consumers seem of limited practic-
ability because the cost-benefit ratio would be too high. In a small
system, the amount of GoO-certified energy produced per market
actor is much lower than in larger supply systems, but the
absolute costs for the certification and monitoring of the produc-
tion sites are similar to those in larger systems. To counteract this
effect, it would be possible to define a minimum amount of
energy in a heat grid, for which a GoO can be issued. Alternatively,
one could also think of limiting the use of GoOs to large-scale
plants—i.e. to RES-H plant above a certain plant size.

6.2. Potential benefit of GoO within a RES-H use obligation

In principal, a GoO scheme could support the verification
process in the course of a RES-H use obligation. A use obligation
mechanism imposes an obligation on the legally specified parties
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
to source a minimum amount of their energy use from renewable
energy sources; this is usually expressed as a percentage of the
total estimated energy demand of the building. An actor com-
mitted to such a use obligation could prove his fulfilment of the
obligation with a GoO for RES-H. The central question, however, is
whether a GoO scheme would simplify things compared to the
established way of proving compliance, or whether it would mean
additional efforts (e.g. in form of extra costs) for the verification
process. A simplification of the process would not result for many
verification procedures, because the GoO only reflects the amount
of energy produced by a specific facility and does not provide all
the data necessary for the verification of an obligation. For
example, if a use obligation means a building owner has to cover
a certain minimum percentage of the total space heating and
domestic hot water supply with energy from renewable sources,
the total energy demand for the entire building would have to be
reported as a reference as well. A clear verification of the use
obligation would therefore require the collection of additional
individual data for the respective building even in the case of
GoO. In this case, the GoO does not simplify the verification
procedure at all.

Still, there are variants of a use obligation imaginable, in which
GoOs could prove to be a useful instrument. A use obligation
generally applies to all participants in the same way, even if the
conditions for the use of renewable energy or the compensatory
measures vary from case to case (e.g. because the slope of a roof
has consequences for the use of solar thermal installations).
A fixed use obligation has the handicap that it does not provide
any incentives to optimally exploit the building-specific renew-
able heating potential.

Introducing a mechanism of compensation between the
obliged actors could reduce this handicap by providing incentives
to fulfil more than the minimum use obligation for renewable
energy under ideal conditions. This over-fulfilment of additional
capacity or collector area could in turn be sold to those obliged
isation options for renewable heating support policies in the
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parties who have problems complying with the obligation
because of inferior conditions. In this way, the same quantitative
target could be reached at lower costs (Bürger et al., 2008).
However, this approach requires an instrument to handle the
compensation mechanism. This instrument could be a GoO
scheme.

The principle architecture of a use obligation with compensa-
tion option could be implemented at national level but also in the
harmonisation scenario ‘‘convergence of instrument design’’ (see
above). Here, actors that over-fulfil their minimum obligation
would be entitled to receive GoOs corresponding to the over-
fulfilment. These GoOs could then be offered Europe-wide to
other actors for whom the purchase of such GoOs is cheaper than
installing a RES-H device. In principle, this means that for
investments that go from country A to country B in turn a GoO
would be transferred from country B to country A.

How would such a support system fit in with how the targets are
accounted for under the Renewable Directive? The Directive is quite
clear about the role the GoO would have with regard to this
question: according to Article 15, the GoO does not have any function
in the way the binding RES targets are accounted for or how Member
States provide evidence that their targets have been met.

As a result, Member States, which decide to implement a
harmonised use obligation including some form of compensation
using GoOs, would have to exchange ‘‘target accounting contribu-
tions’’ by agreeing on statistical transfers. The widespread legal
interpretation of the Renewable Directive is that GoOs must not
have any function in that exchange between different countries
and that only cooperation mechanisms are available to facilitate
the international exchange of surpluses and deficits between
Member States. However, if this legal interpretation is incorrect,
the GoO could turn out to be a rather helpful tool for calculating
the respective amounts to be transferred (the volume of such a
statistical transfer). A reliable GoO scheme that registers any GoO
transfer between different parties could deliver the required
figures since the net volume of GoOs transferred between the
countries involved would be a very good indicator of the statis-
tical transfer volume.
7. Conclusions

We analysed the impacts of different policy harmonisation
options in the field of renewable energy heating and cooling in
terms of target compliance and economic efficiency by looking at
a common use obligation applied to the heating market in six
EU Member States (AT, GR, LT, NL, PL and UK). This instrument
serves as a realistic case as the EU Directive 2009/28/EC already
stipulates its use as a common support scheme in the EU starting
in the year 2014. Based on this general policy choice, two
different levels of harmonisation were assessed: convergence of
instrument type and convergence of instrument design.

Based on disaggregated bottom-up modelling it could be
shown that a harmonised use obligation can facilitate target
achievement. Furthermore, it was shown that a harmonised best
practice design can lead to reduced generation costs due to better
resource allocation across Member States and more efficient
technology portfolios within Member States. This best practice
design may, however, also be achieved based on mutual policy
learning among Member States as opposed to an introduction of
commonly harmonised policies. Therefore we would like to stress
that the results strongly advocate the introduction of efficient
technology portfolios in Member States rather than a harmonisa-
tion as such.

No exchange or trade between the obliged parties were
assumed in this paper. Within Member States such instruments
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
could further increase the economic efficiency of the instrument.
Between Member States the cooperation mechanisms implemen-
ted under Directive 2009/28/EC were assumed to be the tool for
balancing over-achievement and deficits. It has been shown that
the guarantees of origin could serve as an element for a use
obligation with compensation options at national level, whereas
cooperation mechanisms should be used at international level.
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Muñoz, Miquel, Volker Oschmann, David T�abara, J., 2007. Harmonization of
renewable electricity feed-in laws in the European Union. Energy Policy
35 (5), 3104–3114. doi:10.1016/j.enpol.2006.11.006 (May).

Pelkmans, Jacques, 2006. European Integration: Methods and Economic Analysis, third
ed. Prentice Hall Financial Times an imprint of Pearson Education, Essex, England.
Please cite this article as: Steinbach, J., et al., Analysis of harmon
European Union. Energy Policy (2011), doi:10.1016/j.enpol.2011.11.
Ragwitz, Mario, Schade, Wolfgang, Breitschopf, Barbara, Walz, Rainer, Helfrich, Nicki,
Resch, Gustav, Panzer, Christian, et al., 2009. EmployRES. The Impact of Renew-
able Energy Policy on Economic Growth and Employment in the European Union
Final Report. Final Report of a Study Led by Fraunhofer ISI Done on Behalf of the
European Commission (Contract no.: TREN/D1/474/2006).

Resch, Gustav, Panzer, Christian, Ragwitz, Mario, Faber, Thomas, Claus Huber, M.
Rathmann, Gemma Reece, Anne Held, Reinhard Haas. 2009. Scenarios on
Future European Policies for RES-Electricity. Report of the European Research
Project Futures-e. Energy Economics Group, Vienna University of Technology.

Resch, Gustav, Ragwitz, Mario, 2010. Quo(ta) vadis, Europe? A Comparative Assess-
ment of Two Recent Studies on the Future Development of Renewable Electricity
Support in Europe. A Report Compiled Within the European Research Project
RE-Shaping (work package 4) Intelligent Energy—Europe, ALTENER Contract no.
EIE/08/517/SI2.529243.

Toke, David, 2007. Renewable financial support systems and cost-effectiveness.
Journal of Cleaner Production 15 (3), 280–287. doi:10.1016/j.jclepro.2006.02.005.

VDI-The Association of German Engineers (Ed.), 2000. VDI Guideline 2067-2000
Part 1: Economic Efficiency of Building Installations Fundamentals and
Economic Calculation, Beuth Verlag, Berlin, Germany.

Voogt, M.H., Uyterlinde, M.A., 2006. Cost effects of international trade in
meeting EU renewable electricity targets 34 (3), 352–364. doi:10.1016/
j.enpol.2004.08.028 (February).
isation options for renewable heating support policies in the
086

www.res-h-policy.eu
dx.doi.org/10.1016/j.enpol.2010.04.027
dx.doi.org/10.1016/j.enpol.2010.04.027
dx.doi.org/10.1016/j.enpol.2006.11.006
dx.doi.org/10.1016/j.jclepro.2006.02.005
dx.doi.org/10.1016/j.enpol.2004.08.028
dx.doi.org/10.1016/j.enpol.2004.08.028
dx.doi.org/10.1016/j.enpol.2011.11.086

	Analysis of harmonisation options for renewable heating support policies in the European Union
	Introduction
	Definition of RES-H policy harmonisation
	RES-H policy harmonisation resulting from Directive 2009/28/EC
	Common target setting
	Central coordination resulting from the Directive
	Convergent policy resulting from the Directive

	Criteria to evaluate the costs and benefits of RES-H policy harmonisation
	Cost optimal resource allocation
	Enforced target compliance
	Minimisation of transaction costs
	Minimisation of total policy costs
	Avoidance of market distortions

	Quantitative assessment of different levels of RES-H policy harmonisation
	Comparison of the current situation with regard to RES-H deployment in the selected Member States
	Methodology to assess different levels of RES-H harmonisation
	Model description
	Modelling results

	The role of guarantees of origin in a harmonised policy framework
	GoO system in different sub-sectors of the RES-H market
	Potential benefit of GoO within a RES-H use obligation

	Conclusions
	Acknowledgements
	References




