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� Modeling of RES-Heat policies in the building sector.

� Application of the model Invert/EE-Lab for the cases of AT, LT, UK.
� RES-Heat use obligations are effective but should be integrated in policy packages.
� The design of use obligations has substantial impact on the RES-H technology mix.
� National renewable energy action plans are not always consistent with policies.
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In the light of the EU directive for renewable energy (2009/28/EC) this paper deals with the question how
various policy instruments could impact the development of renewable heating technologies. The paper
applies the simulation model Invert/EE-Lab for the building related heat demand in selected European
countries (Austria, Lithuania and United Kingdom). The resulting scenarios up to 2030 are compared to
RES-Heat targets from literature, stakeholder consultation processes and the targets in the national
renewable energy action plans submitted by EU Member States in 2010. The results demonstrate that use
obligations for renewable heating can be effective in achieving RES-Heat market growth. However, in
order to attain a balanced technology mix and more ambitious targets, policy packages are required
combining use obligations with economic incentives and accompanying measures. Technology specific
conclusions are derived. Moreover, conclusions indicate that the action plans are not always consistent
with policy measures in place or under discussion.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Motivation

Traditional renewable heating (RES-H), in particular biomass
heating, is well established in several European regions. Moreover,
new technologies (solar thermal systems, heat pumps, modern
biomass boilers) have gained importance in recent years demonstrat-
ing significant growth rates. However, comparing the share and type
of renewable heating in different regions reveals crucial differences. At
the level of European energy policy, the promotion of renewable
energy carriers in the heating sector has been neglected in favor of a
ll rights reserved.
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focus on energy efficiency (Directive 2002/91/EC, 2002, Directive 2010/
31/EU, 2010) for a long time. With the European Directive for renew-
able energy (Directive 2009/28/EC, 2009) the heating sector only
recently became a focus of European energy policy. In particular, the
national renewable energy action plans (NREAPs) that member states
were asked to submit by mid-2010 had to include targets for renew-
able energy in the heating sector and corresponding policy instru-
ments for achieving these targets. This requirement raises the
questions, which policy instruments will be needed to achieve these
targets and what are the associated policy costs.

1.2. Research question

The core research question of this paper is: What is the impact
of selected policy instruments on the deployment of RES-H
technologies in different European countries in the light of the
NREAP targets?

This includes a series of sub-questions:
−
 What is the impact of policies and other drivers (in particular
energy prices) on the deployment of RES-H technologies?
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−
 What are the differences between use obligations and invest-
ment subsidies in reaching a high penetration of RES-H?
−
 How do the NREAP RES-H targets relate to the results of
this paper?

1.3. Approach and system boundaries

These questions are investigated for a set of three European
countries, representing different climate conditions, traditions in
applied heating systems, RES-H penetration levels etc: Austria,
United Kingdom and Lithuania.

Austria has been chosen as example of a central European
country with a relatively high penetration of renewables in the
heating sector. United Kingdom is an example of western Eur-
opean countries with a low share of renewable energy carriers.
Finally, Lithuania represents a country with a significantly lower
disposable household income. Furthermore, also typically for
several Eastern European countries, the share of biomass based
heating systems is already high, yet the majority of installed
systems are traditional systems with low conversion efficiency
(e.g. cast iron stoves).

The focus is on the space heating and domestic hot water
demand within the residential and service sector. Industrial heat
demand is not dealt with in this paper. The time frame of our
scenario analysis covers the period 2007 to 2030. However, there
is a special focus on the year 2020 and the fulfillment of the
corresponding targets according to the NREAPs.

While a considerable list of studies focus on policies for
building renovation and thermal building standards (e.g. Beerepoot
and Beerepoot, 2007; Boonekamp, 2006; Hansen, 2009; Nässén and
Holmberg, 2005; Noailly and Batrakova, 2010; Schimschar et al.,
2011), our focus lies on policies for a further penetration of renew-
able heating systems.

The basic approach of the study underlying includes the
following steps:
−
 Possible ranges of RES-H targets are investigated and compared
to the NREAP values. RES-H target ranges are derived based on
a literature analysis, a bottom-up and a top-down approach.
Finally the outcomes of these approaches were discussed (and
partly revised) during a national stakeholder discussion process
in each country.
−
 Simulations of energy demand up to 2030 and the correspond-
ing technology diffusion are carried out for different policy and
energy price settings using the energy system model Invert/EE-
Lab. The model is used to develop four scenarios for each of the
investigated countries: two policy scenarios for two different
energy price scenarios. The policy scenarios were selected
based on a stakeholder discussion process within each country.
−
 The results of these two steps are presented in figures showing
the starting value for 2007, the NREAP target value for 2020,
the RES-H target ranges (based on literature analysis and
stakeholder process) for 2020 and 2030 and the outcome of
the four simulation runs (two policies in two price scenarios).
−
 Conclusions are derived based on a cross-country comparison.
In the last step we carry out a cross country overview as well as
a technology-comparison and derive conclusions with respect
to the design of RES-H policies and the perspectives of RES-H in
the investigated countries.

1.4. Structure of this paper

In Section 2 the key methodological approaches of this paper
are described: (1) a concept for deriving RES-H policy target ranges
and (2) the modeling tool Invert/EE-Lab. Moreover, Section 2 con-
tains the basic assumptions and key input data for the scenario
development. In Section 3 we present the results of the analysis. For
each country this includes a comparative discussion of NREAP
targets, policy scenarios and RES-H target ranges (according to
literature, bottom-up analysis and stakeholder consultations). Finally,
Section 4 includes a discussion of the results and conclusions.
2. Methodology

2.1. Deriving RES-H policy target ranges

Three approaches provide the data basis and scientific ground-
ing for the target setting process: Existing scenarios and literature,
scenarios based on a top-down model (results from the model
Green-X (Resch et al., 2009)) and the bottom-up approach.
Thereby, special focus is on the bottom-up approach which is
explained in more detail below. Based on these results a stake-
holder consultation and discussion process has been carried out
resulting in a range of RES-H targets for different technologies and
sectors. It should be noted that this process took place in all the
countries during the period from summer 2009 to early spring
2010. That is, before the NREAPs were submitted. These processes
were carried out within the framework of the Intelligent Energy
Europe project “Policy development for improving RES-H/C pene-
tration in European Member States (RES-H Policy)”. More detailed
descriptions and assumptions can be found in Kranzl et al. (2009),
Gatautis et al. (2009), and Xie and Connor (2010).

The literature review compared national scenarios for the
future deployment of RES-H technologies for each investigated
country (partly derived from overall energy scenarios and partly
derived from partial technology specific scenarios). The core
objective was to select scenarios ranging from conservative to
ambitious for RES-H (Haas et al., 2007; Austrian Federal Ministry
of agriculture, forestry, environment and water management,
2006; Müller et al., 2009; Gromann et al., 2008; Haas et al.,
2008; Kalt et al., 2010; Weiss and Biermayr, 2008; Fink et al., 2009;
Lutz, 2007; LITBIOMA, 2008; LEI, 2007; BERR, 2008; DECC, 2010;
DTI, 2007; Enviros, 2008; NERA, 2008; NERA/AEA, 2009; Pöyry,
2008).

The bottom-up approach uses disaggregated data for the
building stock, available roof area, currently existing heating
systems and so on. The general methodological steps applied for
this bottom-up approach are as follows: (1) Definition of key
parameters for the possible future diffusion of the renewable
technologies based on a standard S-curve approach (Resch et al.,
2009). (2) Besides this standard approach determining the sce-
nario of the technology diffusion a certain rate of thermal
renovation within the building stock is assumed (different con-
struction periods are treated separately). (3) Additional checks are
carried out regarding basic consistency e.g. with current annual
installations from historic observations, total amount of RES-H in
different building classes, etc.

The different approaches led to a range of RES-H penetration
up to 2020 and 2030. Based on these results preliminary ranges of
possible RES-H targets were derived for the years 2020 and 2030.
These preliminary results were the basis to set up a questionnaire
which was used in a stakeholder consultation process. In the main
part of the questionnaire ranges of RES-H for different sectors and
technologies were suggested. The stakeholders were asked to
assess whether to their mind targets should be set in the upper,
middle or lower area within this range or should be amended up
or downwards this range. Separate consultation processes took
place in each of the investigated countries. Between 21 and 140
questionnaires were sent out in each country. (In Lithuania the
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questionnaire was handed out at the beginning of a workshop to
the 21 participants, 12 of them gave full responses. In the United
Kingdom and Austria 100 and 140 questionnaires, respectively,
were sent out.) The return of questionnaires in AT, LT and UK were
17, 12 and 13 high-level responses (representatives of responsible
ministries, agencies, RES associations, industry). The results were
discussed in workshops leading to final target ranges which are
presented in Section 3. In the UK, the stakeholders agreed on
approximate target values (no ranges). It is not possible to provide
a clear indication to which extent the questionnaires returned and
the participants in workshops make up a representative sample. In
every country stakeholders from different sectors (as listed above)
were involved.
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saving public money). During several projects and studies the
model has been extended and applied to different countries within
Europe, see e.g. (Biermayr et al., 2007; Haas et al., 2009; Kranzl
et al., 2006, 2007; Nast et al., 2006; Schriefl, 2007; Stadler et al.,
2007). The last modification of the model in the year 2010
included a re-programming process of the tool, in particular taking
into account the heterogeneity of decision makers in the building
sector and corresponding distributions (Müller and Biermayr,
2011).

The core of the tool is a myopical, cost-based logit approach,
which optimizes objectives of agents under imperfect information
conditions and by that represents the decision making process
concerning heating and hot water preparation. Invert/EE-Lab
models the stock of buildings in a highly disaggregated manner.

2.2.1. The basic decision algorithm
The basic decision/selection process works on an annual basis

and is defined as follows:
For each year of the simulation period Invert decides for each

building segment the probability (expressed as share) a building
related component (regarding building shell and heating/domestic
hot water system) remains as it is and the probability (share) that
one or more of these components are replaced. The share of
buildings applying changes (smeasure) is calculated based on the age
distribution of the considered building elements (facade, win-
dows, heating and hot water systems, etc.) within the whole
building stock using a Weibull distribution.

smeasure ¼
∑Tmax

T ¼ Tmin
1−e−ðT=λÞ

k

∑Tmax
T ¼ Tmin

1−e−ðT−1=λÞk

λ; k:::scale und shape parameter of Weibull distriubution
λ½yr�:::characteristic life time ðlifetime at which a cumulative failure

rate of 63:2% occursÞ
Tmin; Tmax ½yr�:::minimum and maximum age of considered component

ðinstallation period is assumed to be uniformly distributedÞ
The demolition of buildings is calculated in the same manner,

yet considers life time expanding measures such as refurbishment
in previous periods.

sdemolition;buildings ¼
∑Tmax

T ¼ Tmin
1−e−ðT=λBuildingþα∑λRenovationÞk

∑Tmax
T ¼ Tmin

1−e−ðT−1=λBuildingþα∑λRenovation Þk

∑λRenovation:::Average characteristic lifetime of building
renovation mesures
ðsum over renovation cylesÞ
α:::weighting factor ð0:5Þ
We calibrated the parameters λ and k based on analyses

performed by Wüsth and Schweitzer (1994) and Meyer et al.
(1995) and discussed country specific differences with experts for
each target country. Anticipated measures, as might be pulled by
subsidies, are not considered.

The share on the actual installation (market share) of available
types is calculated based on adjusted heat generation costs using
the logit approach, an approved and most widely used approach in
the field of discrete choice theory (Train, 2003), where decision
makers have to choose from mutually exclusive alternatives. This
approach has already been applied for modeling the heating
sectors by other working groups (e.g. Giraudet et al., 2012;
Henkel and Erdmann, 2010; Marnay and Stadler, 2008); their
results indicate that this approach is also pertinent for our
research questions. In principle, the applied logit model ensures
that low-cost options, based on adjusted heat generation costs get
the largest market share, but more expensive options hold some
share too. Presupposing the independence from irrelevant alternatives
(IIA) (Marschak, 1960), the share sLM,i of an alternative i within a
building segment b in period t can be derived by a multinomial logit
model (MNLM):

sLM;b;t;i ¼ e−λbrb;t;i
∑I

i ¼ 1e
−λbrb;t;i

∀b;t;i

λb:::scaled variance of the decision parameter ðassuming a Type� I

extrem value distributionÞ
ri:::relative costs of alternative i compared to average costs of

alternatives

with

rb;t;i ¼ μb;t;i
μb;t;mean

∀ b;t;i

μb;t;i:::adjusted costs of alternative i

μb;t;mean:::mean adjusted costs weighted by market share on installation

μb;t;mean ¼ ∑
I

i ¼ 1
sb;t;i � μb;t;i ∀ b;t

The adjusted costs μ for alternatives are calculated using the
long run marginal costs (LRMC), considering monetary and non-
monetary barriers for changing the type of heating systems and
the willingness-to-pay (WTP) of decision makers. The LRMC
include the consumption dependent (energy costs) and indepen-
dent annual costs (fixed annual tariffs, maintenance, etc.) and the
levelized investment costs. In the model we consider two types of
barriers for the change of the type of the heating system. First, we
do consider non-monetary barriers basically associated with the
comfort level which the existing heating system provides. This
means that we do not allow a change to a heating system with a
significant lower comfort and degree of automation:
�
 If a central heat distribution system is available, single stoves
are excluded.
�
 If a central heating system is installed one-floor heating
systems are excluded.
�
 Coal and wood log boilers are only options in case that either
coal or wood log is the existing main energy carrier.
�
 If natural gas or electricity are the main energy carriers, oil
based heating systems are excluded, too.
�
 If district heating is used, all other energy carriers are excluded.

Besides the non-economic barriers, we incorporate economic
barriers as they might occur when the energy carrier is changed.
Such costs are e.g. natural gas connection costs, oil tank, biomass
storage, drilling costs for the bore hole for heat pumps with
vertical heat exchangers. All barriers associated with the change
of heating system type are summarized in a substitution matrix
similar to Cost (2006), yet excluding the LRMC of the basic heating
system.

The calibration of the model (e.g. for WTP levels) has been done
based on the available empirical data for installation of heating
systems. For this analysis we especially focused on the renewable
heating systems: biomass, solar thermal collectors and heat
pumps. We calibrated the model to meet the annual installed
systems and the annual capacity of installed systems for the time
period 2006–2009 published by the annual publication series for
solar thermal, solid biomass and ground-source heat pumps
released by Observ’ER.

In the Invert/EE-Lab model, the described MNLM approach is
extended by the following mechanism:
�
 Bauermann (2011) provides empirical evidence, that agents
incorporated not only the current, but also energy price of
previous periods in their decision making process. Thus running



Table 1
Sensitivity of the model results (share of energy carriers on the final energy demand) with respect to the scaled variance (λ) of the decision parameter.

λ 2.0 2.8 3.6 4.4 5.2 6.0 6.8 7.6 8.4 9.2 10.0 10.8 11.6 12.4 13.2 14.0
β7 0.15 0.15 0.14 0.13 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11
β12 0.20 0.20 0.18 0.16 0.14 0.14 0.13 0.12 0.12 0.11 0.11 0.12 0.12 0.13 0.15 0.14
β17 0.32 0.30 0.25 0.22 0.19 0.19 0.15 0.15 0.13 0.14 0.13 0.15 0.15 0.17 0.19 0.19
β22 0.47 0.44 0.35 0.32 0.26 0.24 0.19 0.17 0.15 0.16 0.16 0.17 0.20 0.21 0.24 0.25

In the scenarios described below constant parameter for the scaled variance λ¼8 is used.
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energy costs (c) of energy carriers (en) used to calculate the
adjusted heating costs (cen,t,decision) are based on the energy price
level of previous simulation periods:

cen;t;decision ¼ ∑
2

n ¼ 0
cen;t−n � f n ∀en; t

f 0 ¼ 0:3; f 1 ¼ 0:5; f 2 ¼ 0:2
�
 If similar alternatives exist (e.g. gas boiler and gas condensing
boiler, single stove versus central and one-floor heating sys-
tems, different options of thermal solar collectors against the
non-use of solar collectors, different options of buildings
refurbishment compared to maintenance without effects on
thermal losses) the assumption of independence from irrele-
vant alternatives (IIA)does not hold. Therefore we group similar
alternatives to a so called nest, enhancing the MNLM to a
nested logit model (NLM), which is the most widely used
generalized extreme value (GEV) model. If all correlations
(“similarities”) are zero, the GEV converts to a standard logit
model. For the choice of heating systems we applied a three-
level NLM. The top level nest defines whether or not thermal
solar collectors are installed. The second level nest describes
different heating systems categories; on the third level sub-
classes of heating systems (e.g. condensing and non-
condensing gas boilers) are grouped together. We used the
distribution of investment costs as a proxy for the similarity of
alternatives within each nest.
�
 The maximum rate of change (positive and negative) of the
market share (s) for alternatives (i) in buildings segments (b)
are restricted by a diffusion model. Based on a logistic diffusion
process (Sultan et al., 1990; Grübler and Nakicenovic, 1991), we
use the current share an alternative (i) holds in a considered
building category (bj) (e.g. single family houses) and in a sub-
region (srk) (e.g. urban areas), the share the alternative (i) holds
in all buildings in the same sub-region (srk) and the share the
alternative (i) holds in all buildings of the building category (bj)
to calculate a possible range for the current market share of the
alternative (i). We use a characteristic diffusion time (1–99%) of
30 years for the positive growth and a characteristic diffusion
time of 10 years for the negative growth process. A compre-
hensive description of the diffusion algorithm can be found at
Müller and Biermayr (2011).
�

1 The global minimum of this function can be found at very high λ values (the
winner takes it all) with β–0.
By estimating the ultimate market potential for each energy
carrier for each sub region (e.g. urban, rural), we take non-
tradable restrictions into account. These barriers include the
following: (1) the restriction of biomass and coal based heating
systems in highly populated areas for reasons of transportation
logistics and emission pollution, (2) the limited availability of
grid-bounded energy carriers such as natural gas and district
heat in rural areas or (3) installation of ground source heat
pumps with shallow horizontal heat exchangers in urban
regions. (4) In case of solar thermal systems, not only the share
of buildings suitable are restricted (Nowak et al., 2000) but also
the maximum collector area is limited on the level of individual
buildings, not allowing to use more than 40% of the roof area
for buildings with span roofs (or similar) and 70% for buildings
with flat roofs.
�
 Finally, tradable restrictions for the use of energy carriers are
considered by applying cost-resource-potential-curves (CRPC).

The λ value (scaled variance) of the logit model is responsible
for the slope of the selectivity and therefore important to the
outcome of the scenarios. To test the sensitivity of the results on
this value, we calculate the derivatives of the share of energy
carriers with respect to the scaled variance λ. An indicator β has
been defined which calculates the sum of squared derivatives for
all energy carries.

βt ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
en

i ¼ 1

∂sFED;i;t
∂λ

� �2
s

sFED;i;t :::share of energy carrier i on the final energy demand

in simulation periods t

λ:::scaled variance of the decision parameter

Results derived from an Austria base line scenario after 22
simulation periods (2008–2030), considering all restrictions, indi-
cate a (local)1 minimum of the β parameter (for the Austrian built
environment) in the range of 8–9 (see Table 1).

2.2.2. Modeling the energy demand
The energy demand is modeled depending on the service

demand and the efficiency. The two energy services under
investigation are space heating and heating of domestic water. In
the Invert/EE-Lab Model the energy demand and consumption are
calculated by a single-zone, monthly based energy balance approach
according to the regulatory calculation standards ÖNORM B 8110-5
and ÖNORM H 8055, which are virtually identical with the German
(DIN V 4108-6, DIN V 4701-10) and EU regulations.

Behavioral aspects in the case of space heating (such as level of
indoor temperature, ventilation habits) are considered through the
service factor. This parameter describes the relation between
actual energy consumption and theoretically calculated energy
demand for space heating and is based on Loga et al. (2003), Born
et al. (2003) and Biermayr (1999).

2.3. Database of building stock

The currently implemented buildings represent a detailed,
disaggregated image of the building stock. Residential buildings
are classified by their size (number of dwellings per building) and
construction period as well as type of location (urban or rural).
This holds for non residential buildings as well. Yet, since less
information about these types of buildings is available, the
distinction is less detailed. The building stock is described accord-
ing to thermal quality, geometry data, the use of the buildings
(residential buildings, public buildings etc.), the number of build-
ings and heating systems, drawn from multiple sources, e.g.



Table 2
Building classes taken into account in each of the investigated countries.

Country Type of buildings distinguished in Invert/EE-Lab Construction periods (description of the building stock)

Austria Single dwellings, multiple dwellings small, multiple dwellings large, shops small, shops large, hotels
and restaurants large, hotels and restaurants small, hospitals, office buildings large, office buildings
small, schools, industrial buildings, leisure halls and other buildings

Before 1919, 1919–1944, 1945–1960, 1961–1970, 1971–
1980, 1981–1990, 1991–2003, after 2003

Lithuania Single dwellings, multiple dwellings, non-residential buildings Before 1991, 1992–1999, after 2000
UK Single dwellings, double dwellings, terrace houses, multiple dwellings, bungalows, office buildings,

general retail buildings, large shops, hotels and pubs, entertainment halls, leisure halls, clubs,
manufacturing, warehouses, storage depots, parking, education buildings, hospitals, churches

Before 1918, 1919–1938, 1939–1959, 1960–1975, 1976–
2005, after 2005

Table 3
Energy prices as input parameters in the low-price and high-price scenarios (retail prices incl. taxes).

Energy Prices Austria [€09/MW h] Low price scenario High price scenario

2010 2020 2030 2010 2020 2030

Gas 67.7 65.3 66.8 79.8 138.8 157.1
Oil 75.5 76.0 77.4 88.5 143.7 160.5
Coal 59.7 61.8 62.2 84.2 108.3 116.1
Wood log 30.0 31.3 31.7 31.4 38.2 40.4
Wood chips 29.0 30.5 31.1 30.7 39.2 42.0
Pellets 41.0 43.6 44.6 43.9 58.7 63.8
Electricity 176.4 162.2 181.3 183.8 209.6 254.0
District heat 52.1 51.5 52.4 59.9 93.3 103.1
District heat biomass 50.4 49.9 50.6 56.5 81.6 88.6
Dec mix 71.6 70.6 72.1 84.2 141.2 158.8
District heat Vienna 40.3 39.8 40.5 46.3 72.1 79.7

Energy prices United Kingdom [€09/MW h] Low price scenario High price scenario
2010 2020 2030 2010 2020 2030

Natural gas 46.9 50.2 51.6 57.6 115.1 131.3
Heating oil 63.6 75.7 77.3 77.4 147.9 165.8
Coal 60.5 62.9 63.3 87.9 114.8 123.5
Electricity 141.5 138.5 157.4 148.8 185.5 229.3
Wood log 31.4 32.7 33.3 31.4 50.2 55.5
Wood chips 31.4 35.0 35.4 31.4 48.6 52.9
Pellets 48.3 49.4 49.6 48.3 57.2 60.1
District heat 43.7 49.4 50.1 50.4 80.0 86.7
District heat biomass 31.4 35.0 35.4 31.4 48.6 52.9
Natural gas-biogas Blending 49.9 54.1 55.3 57.3 106.9 120.6
Bioliquids 66.1 77.9 79.4 79.6 148.1 165.5

Energy prices Lithuania [€09/MW h] Low price scenario High price scenario
2010 2020 2030 2010 2020 2030

Natural gas 36.8 25.7 26.6 43.0 63.2 72.8
Heating oil 74.4 81.1 82.8 89.4 159.4 178.8
Coal 12.7 13.5 13.6 20.6 28.3 30.8
Electricity 90.4 82.4 93.6 94.7 110.3 136.4
Wood log 20.6 21.5 21.8 21.5 26.2 27.7
Wood chips 18.5 19.6 19.9 19.6 25.0 26.9
Pellets 33.3 35.7 36.3 35.7 47.7 51.9
District heat 48.3 51.3 52.1 55.1 83.2 90.1
District heat biomass 22.7 24.0 24.4 24.0 30.7 32.9
District heat gas-CHP 26.5 12.5 10.1 35.5 67.4 74.6
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(Schriefl, 2007; Müller, 2010; Statistik Austria, 2004a; 2004b,
2006; Statistics Lithuania, 2003, 2008; LDHA, 2008; Gaj et al.
2001; DECC, 2006, 2007, 2008; Bruhns et al., 2000; EST, 2008).
Table 2 documents the types of buildings and construction periods
for each of the countries that have been taken into account in the
modeling approach. The difference between the countries is
mainly due to availability of official statistics and data.

With respect to the heating systems, the following types are
taken into account (there are slight deviations in the technology
availability for each of the countries):

Single stoves: oil single, gas single, coal single, wood log single,
pellets single, electrical direct heating, electrical night storage single.

Central heating systems: oil central, oil condensing central, gas
one floor, gas central, gas condensing central, coal central, wood
log central, wood chips central, wood pellets central, heat pump
air/water, heat pump brine/water shallow, heat pump brine/water
deep, district heating biomass, district heating (without biomass).

Solar thermal systems: hot water only, combined hot water and
space heating.

2.4. Economic input data

Energy price scenarios are an important input factor for the
deployment of renewable heating systems. We use Eurostat price
relations for 2007–2009 and take into account the growth rates of
the medium and the high energy price scenario based on Capros
(2009) and Resch et al. (2009), resulting in a high and a low energy
price scenario. The development of gas, oil and coal retail prices
including taxes is presented in Table 3. The retail price develop-
ment varies between different countries due to different levels of
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taxation and market conditions. Moreover, it should be taken into
account that in the low price scenario, real wholesale prices
(excluding taxes) for some fuels decrease from relatively high
price levels of the year 2008 in the scenario period according to
Capros (2009). For biomass prices a coupling factor between the
average price increases of the fossil energy carriers (oil and gas)
and the biomass price of 70% has been assumed (i.e. an oil price
increase of 1% leads to an increase of biomass prices of 0.7%). In the
heating market (and probably in the overall energy system), oil
with its diminishing share is expected to lose its role as a price
setter. Thus, the price coupling factor applied in this analysis
should not be understood as a direct causality from oil to biomass
price. In contrast, we expect that a general increase of the (fossil)
energy price level to some extent will affect all energy carriers.
However, further research on the relation, possible causality and
possible future evolution of oil and biomass prices would be very
valuable and important.

Moreover, country specific energy taxes and value added taxes
(VAT) are taken into account. The impact of the two energy price
Table 4
Heat generation costs for different heating technologies, Austria.

Heat generation costs Austria Pmin Pma

[kW] [kW

Pellets single 5 12
Electrical converter single 5 100
Oil central 10 100
Oil condensing central 10 100
Gas central 10 100
Gas condensing central 10 100
Coal central 15 50
Wood log central 15 50
Wood chips central 25 100
Wood pellets central 10 100
Heat pump air/water 5 25
Heat pump brine/water shallow 5 70
Heat pump brine/water deep 5 70
District heating central 5 100
District heat biomass central 5 100
Electrical converter single (domestic hot water) 5 100
Heat pump air/water (domestic hot water) 5 20
Solar thermal for DHW only 2 11
Solar thermal Combi system 4 35

Table 5
Heat generation costs for different heating technologies, Lithuania.

Heat generation costs Lithuania Pmin Pma

[kW] [kW

Gas central 10 100
Gas condensing central 10 100
Coal central (cast iron boiler) 15 100
Wood log central (cast iron boiler) 15 50
Wood chips central 25 100
Wood pellets central 10 100
Heat pump air/water 5 40
Heat pump brine/water 5 70
District heating central 5 100
District heat biomass central 5 100
District heating gas-CHP 5 100
Electrical converter single (domestic hot water) 5 30
Solar thermal for DHW only 2 14
Solar thermal Combi system 4 35
scenarios on the heat generation costs of different (fossil and renew-
able) heating technologies becomes apparent from Tables 4–6.
These tables show the range of heat generation costs of different
technologies for different capacities and the two energy price
scenarios for the years 2010 and 2030. Lower values refer to low
price scenarios and higher capacity, higher values refer to high price
scenarios and lower capacity. Moreover, the tables indicate the range
of capacities for which the heating system has been taken into
account in the model. Heat generation costs were calculated based
on fuel costs (taking into account fuel prices, taxes and the efficiency
of heating systems), operation and maintenance costs as well as
investment related costs. A uniform depreciation period of 15 years is
assumed for all technologies (lifetime implemented in the model in
general is longer and differing among technologies) whereas the
discount rate is differentiated between countries and sectors (see
Table 7 for corresponding values).

Most important sources for cost data and economic comparison
of heating systems include data from current price lists of retailers
and installers as well as BERR (2008), Lescot et al. (2009), Müller
x Cmin Cmax

2010 2030 2010 2030
] [€/MW h] [€/MW h]

113 119 128 163
188 193 206 280
108 110 153 237
108 111 153 233
93 92 130 217
92 91 135 220
117 121 184 233
77 80 104 118
80 83 98 114
90 94 182 208
110 111 161 184
99 101 168 185

124 125 203 220
80 80 98 126
97 100 105 120

234 240 255 347
139 141 184 215
179 163 207 188
225 206 279 255

x Cmin Cmax

2010 2030 2010 2030
] [€/MW h] [€/MW h]

67 51 80 127
58 44 90 130
29 31 66 86
44 46 68 80
42 44 95 105
61 65 97 118
75 76 144 158
78 78 180 192
74 78 93 129
62 64 64 73
64 47 73 113
121 125 127 182
214 204 385 367
180 172 363 346



Table 6
Heat generation costs for different heating technologies, United Kingdom.

Heat generation costs United Kingdom Pmin Pmax Cmin Cmax

2010 2030 2010 2030
[kW] [kW] [€/MW h] [€/MW h]

Pellets single 5 12 118 114 126 139
Electrical converter single 5 100 151 167 160 241
Electrical night storage single 5 100 160 177 170 255
Oil central 10 100 81 97 109 213
Oil condensing central 10 100 77 93 108 206
Gas central 10 100 60 65 83 167
Gas condensing central 10 100 58 63 85 166
Coal central 15 50 121 125 176 231
Wood log central 15 50 68 68 90 120
Wood chips central 25 100 75 76 86 110
Wood pellets central 10 100 91 88 98 107
Heat pump air/water 5 40 78 74 130 131
Heat pump brine/water shallow 5 70 62 59 132 122
Heat pump brine/water deep 5 70 70 63 159 141
District heating central 5 100 69 75 85 123
District heat biomass central 5 100 87 92 91 119
Modern wood log boiler 15 25 77 75 90 120
Gas central (running with biogas) 10 100 63 69 83 155
Gas condensing central (running with biogas) 10 100 62 68 85 155
Oil central (running with biooil) 10 100 84 100 112 213
Oil condensing central (running with biooil) 10 100 80 95 110 206
Gas boiler (domestic hot water) 5 25 112 122 140 299
Electrical converter single (domestic hot water) 5 25 186 206 195 295
Electrical night storage single (domestic hot water) 5 100 188 209 205 311
Heat pump air/water (domestic hot water) 5 20 104 111 135 171
Solar thermal for DHW only 3 12 312 193 426 261
Solar thermal Combi system 4 32 329 203 455 278

L. Kranzl et al. / Energy Policy 59 (2013) 44–58 51
et al. (2009), Kranzl et al. (2010), Müller et al. (2010). For the
scenario calculation, a moderate amount of technological learning
in terms of decreasing investment cost is assumed.

Although there are some significant differences in the absolute
level of heat generation costs in the countries, in general biomass
systems are close to economic competitiveness in most cases, in
particular medium to large scale applications. Solar thermal
systems in all countries are dependent on economic incentives,
though with a strong sensitivity to climatic conditions. In UK the
data presented in Table 6 shows a decrease in heat generation
costs for the case Cmin e.g. for pellets central heating systems. This
is because of currently high investment costs (due to a compara-
tively low deployment of technologies) with a high potential for
cost reduction.
2.5. Modeling assumptions

Besides economic input data (energy prices, investment costs,
operation and maintenance costs) and structural data (building
stock data, heating systems, biomass availability etc.), other key
modeling assumptions include preferences for heating systems,
traditions and inertia with respect to energy carrier change and
regional disaggregation. These assumptions were selected in order
to calibrate the model on the development of the heating market
within recent years and for the current state of RES-H technologies
in the heating system market in particular. Table 7 gives an
overview of these assumptions for each of the investigated
countries. We are aware that some of these assumptions (in
particular preferences) might change in the future which could
have a considerable impact on the results. We have to leave this
question to future research. In this paper, national biomass
potentials were not implemented as strict restrictions. Rather,
the resulting biomass demand was compared with biomass
potentials for the heating sector (according to literature) in order
to estimate the possible impact on biomass imports.

2.6. Investigated policies

Support policies for heating systems (e.g. renewable fuels or
efficient boilers) change the comparative advantage between
different heating systems. The model Invert/EE-Lab simulates the
impact of economic instruments by taking into account e.g. the
amount of investment subsidies in the economic comparison
among the different heating system options according to the
logit-approach described in Section 2.2.1. Also the effect of
regulatory instruments can be simulated. An example for such a
regulatory instrument is a RES-H use obligation. Such a scheme
obliges building owners to use a minimum amount of RES-H in
their buildings. The European directive for the support of renew-
able energy (Directive 2009/28/EC, 2009asks member states to
implement such schemes “where appropriate”. These and other
support schemes are described in detail elsewhere in this special
edition, and in Bürger et al. (2008).

For the purpose of modeling here, economic incentives on the
one hand and RES-H use obligations on the other hand were
selected after national stakeholder consultation. The stakeholder
consultation process was based on a questionnaire and a work-
shop in each investigated country. Due to data availability and in
order to allow quantification, our modeling approach focused on
financial and regulatory instruments, being aware that informa-
tion policies, training activities, research and technology develop-
ment are crucial additional instruments for providing the ground
of RES-H penetration. Because of the separated discussion pro-
cesses, different policy sets (and combination of policy sets) were
selected for the different countries: Economic incentives selected
are investment subsidies (grants) (AT, LT), and renewable heat
incentives (RHI) providing a support for every kW h produced



Table 7
Basic modeling assumptions and data in the model Invert/EE-Lab for the investigated countries.

Austria Lithuania UK

Growth of building stock
from 2007 to 2030a

11% b 10% 10%

Decline in total final
energy demand for
space heating and hot
water from 2007 until
2030 c

17–19% 14–17% 24–26%

Discount rate Residential: 4% Residential: 5.2% Residential: 5.2%
Non-residential: 8% Non-residential: 10.4% Non-residential: 10.4%
Depreciation time: 15 years Depreciation time: 15 years Depreciation time: 15 years

General preferences and
barriers for heating
systems and energy
carriers

Strong barrier for new coal heating systems
due to comfort reasons

Strong barrier for new coal heating systems due to
comfort reasons

Strong barrier for new coal heating
systems due to comfort reasons

Barrier for new wood log heating systems
due to comfort reasons

Increasing barrier for new wood log heating
systems (no barrier 2010, moderate barrier 2020)

No wood log systems as new heating
systems due to comfort reasons and lack of
tradition

Moderate barrier for new wood chips,
wood pellets and biomass district heating
systems due to fuel storage requirement
etc.

High preference to keep the old type of heating
system in case of district heating

Moderate barrier for wood chips, wood
pellets and biomass district heating
systems due to lack of tradition and
information

Preference for heat pumps in particular in
new buildings due to currently observed
preference of installers and building project
developers

Moderate preference to keep the old type of
heating system in case of natural gas, heating oil,
biomass

Small preference to install solar thermal
systems

Strong preferences for solar thermal
systems

Energy carrier change d High preference to keep the old type of
heating system in case of: natural gas,
heating oil, district heating

Light preference to keep the old type of heating
system in case of coal and electricity

High preference to keep the old type of
heating system in case of district heating

Light preference to keep the old type of
heating system in case of all other systems

High preference to keep the old type of
heating system or switch to blendings
with biogenous energy carriers in case of
natural gas and heating oil
Strong barrier to switch from natural gas
and heating oil to coal and biomass
Moderate preference to keep the old type
of heating systems for all other heating
systems

Regional distinction In rural region no district heating is
available except biomass district heating.

In rural regions less district heating and natural
gas is available.

In urban areas biomass has a strong
barrier, heat pumps a moderate barrier

In urban regions no wood log and wood
chips are available; ground source heat
pumps are difficult to install and there is a
light barrier on pellets

In urban regions biomass availability is more
difficult (in particular for wood log) and coal has a
stronger barrier than in rural regions (due to the
dominant role of district heating)

In rural areas district heating is not
available (except biomass district heating)

a Building stock growth rates are indicated as growth of dwelling space. We are aware that income elasticity of dwelling space is substantial. Therefore, there is some
uncertainty connected with this assumption. We did not take into account any link to macroeconomic drivers of dwelling space.

b According to ÖROK (2009).
c Final energy demand including solar thermal and ambient energy. This decline in energy demand takes place due to exogenously given thermal renovation and

endogenously determined mix of more efficient heating systems. These values represent a reference scenario. For achieving ambitious climate mitigation targets until 2050
the reduction in energy demand definitely would have to be higher.

d These parameters determine to which extent people have a preference for a certain heating system depending on their old heating system that they were used to in
the past.
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(UK). Due to the fact that the policy process in UK was strongly
focused on the RHI on the one hand and on a combination of RHI
and supplier obligation on the other hand, the stakeholders in the
UK as a second policy selected a combination of these two
instruments.
3. Results: RES-H policy scenarios, target ranges and
comparison with NREAPs

This section of the paper presents the results of our analysis:
(1) the scenarios for two RES-H support policies each in two
different energy price settings, (2) the range of RES-H targets
according to our analysis and stakeholder dialogue. These results
are compared with the values stated in the NREAPs. As mentioned
above all values refer to the sector space heating and hot water
supply in the residential and commercial building sector. However,
the NREAP target values indicate targets for the whole heating
sector (including industrial heat demand). Therefore, it was
necessary to split up RES-H targets into two sectors: (1) the space
heating and domestic hot water demand (for the residential and
service sector) and (2) the industry sector. This procedure to some
extent is connected with uncertainty. It was done based on work
in each investigated country taking into account the current share
of RES-H in these sectors (Kranzl et al., 2009; Gatautis et al., 2009;
Xie and Connor, 2010).

In the further analysis, the term “target ranges” is used for the
results of the RES-H target analysis based on literature review,
bottom-up-analysis and stakeholder dialogue (see Section 2.1). For
the reference of the RES-H targets stated in the national renewable
energy action plans the term “NREAP-targets” is used Table 8.

Fig. 2 gives an overview of the Invert modelling results in terms
of the RES-H share in the different policy and energy price
scenarios as well as in the base year 2007. Lithuania is the country
with the highest RES-H share among the investigated countries in
2007, followed by Austria. RES-H has not played a major role in the



Table 8
Summary of policy settings for the country simulations with Invert.

Policy settings

Economic incentives (policy set 1)a Obligations (policy set 2)b

AT Investment subsidies: Decentralized biomass systems 25–30%, heat pumps 10–
25%, solar thermal systems 25–35%, district heat biomass 35%

Overall RES-H use obligation for new buildings and buildings with major
renovation (20117%, 2015 15%, 2020 20%, 2030 30%, a penalty of 20€/m² if no RES-
H is applied)c

LT Investment subsidies: Decentralized biomass systems, heat pumps and solar
thermal systems 15%, district heat biomass 21% (according to the NREAP)

Overall RES-H use obligation for new buildings and buildings with major
renovation, target of 30% RES-H up to 2020, 50% between 2020 and 2030, a
penalty of 50 €/m2, if no RES-H is applied

UK Renewable heat incentived (according to): Decentralized biomass systems 6.2–
8.6 p/kW h, heat pumps 5.5–7.1 p/kW h, solar thermal systems 16.4–17.5 p/kW h,
biomass district heating 2.5 p/kW h, biogas 4 p/kW h, liquid biofuels 6.5 p/kW h

Combined renewable heat incentive and supplier obligatione; obligation level of
20% RES-H in 2020, 30% in 2030; penalty for not fulfilling the obligation: 60 €/m2

dwelling area

a Percentages in this column refer to the share of the investment costs that is covered by the investment subsidies.
b Percentages in this column refer to the share of renewable that have to be achieved in the RES-H obligation scheme.
c Sensitivity analyses with higher penalty levels have been carried out without significant higher impact of the obligation scheme. The limited impact of the scheme is

rather determined by the limited rate of new building construction and major renovation compared to the relatively high RES-H market share initiated by the investment
subsidies (policy set 1).

d RHI-values according to Radov et al. (2010), Exchange rate 1.15 Euro/Pound, degression of RHI values after 2014 for new plants 3%/a.
e It is not possible to model the decision making structure of diverse energy suppliers within the Invert modeling approach. Thus, the supplier obligation was

implemented as a use obligation on new buildings, buildings undergoing major renovation and buildings changing heating systems. Because the way the scheme has been
modeled is not restricted to new buildings and buildings undergoing major renovation, its impact is significantly higher than that of the use obligation in other countries.
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UK in recent decades. Table 9 shows the share of the main RES-H
technology groups (solar thermal, biomass, ambient heat) in 2007,
the NREAP targets and Invert scenario results.

In the following we will discuss the country specific results in
more detail.

3.1. Austria

Biomass plays a dominant role in the current RES-H market and
this is expected to continue in the future (see Table 9). However, in
terms of final energy demand, growth is limited for several
reasons which are discussed in Section 4.1 in more detail. The
target stated in the NREAP for biomass heating is in the lower part
of the target range and could – according to our analysis – be
achieved with the suggested subsidy levels in the low-price
scenario.

For solar thermal systems, target ranges are higher than the
Invert-scenario results suggest. Also the NREAP target value is
lower than the target ranges and corresponds approximately to
the range of the lowest scenario outcomes. There are several
possible explanations for this: First, stakeholders might have been
biased in favor of solar thermal energy. Due to the composition of
the stakeholders involved in the consultation and discussion we
do not think that this is the case. Second, stakeholders might have
assumed a higher energy price increase leading to a stronger
incentive for solar thermal energy. Third, solar thermal energy is
not as sufficiently economically competitive (due to our scenario
assumptions and economic modeling results) to reach the policy
target. The latter would be an argument for higher support levels
(which we did not consider in the presented scenarios).

For ambient heat – defined according to directive 2009/28/EC –

RES-H policy target ranges are clearly lower than the simulation
outcomes. This is due to the different assumptions of Coefficient of
Performance (COP)—requirements in the target analysis and in the
Invert modeling: In the target range analysis it was assumed that
heat pumps are only applied in low-energy buildings with low-
temperature heating systems in order to achieve seasonal COP
values of 4 and above. This clearly reduces the potential of heat
pumps. The Invert model allows the installation of heat pumps in
combination with high temperature heating system and takes into
account that the COP reduces correspondingly. With the support
schemes and the overall economic background in place, heat
pumps show relatively high growth rates, although this leads to
a mean seasonal COP below 4.

Generally, the policy set based on subsidies leads to a higher
growth in RES-H than the policy set based on use obligations. The
subsidy schemes lead to a relatively ambitious growth path.
Without this economic support, the use obligation does not have
enough impact on the total heat market, because it only covers
new buildings and existing buildings which are subject to major
renovations. Due to this limited part of the building stock
addressed by the policy, the use obligation will not induce such
a high RES-H growth as the subsidy scheme. This holds for all
cases except for biomass in the high price scenario for 2030:
Thereby, the higher energy price level leads to a higher biomass
price and thus a lower economic attractiveness of biomass
compared to solar thermal systems and heat pumps. However, in
the use obligation scenario (and without technology specific
support) biomass turns out to be the most attractive solution to
fulfill the obligation.

Altogether, the NREAP target values do not turn out to be
ambitious compared with the target ranges developed in our
analysis and stakeholder discussion as well as compared with
the Invert simulation runs.

3.2. Lithuania

The current heat market in Lithuania is strongly dominated by
two heating systems: District heating on the one hand and
decentralized biomass heating systems. District heating has a very
high market share in urban areas due to the related district heat
support policies in the past decades. Biomass heating is common
in rural regions due to the strong tradition and economic competi-
tiveness of existing wood log stoves in particular. Also, relatively
simple new wood log boilers are available which are cheaper than
comparable systems in western European countries. These circum-
stances have major implications for the further penetration of RES-
H technologies. Due to these side conditions as well as the
unfavorable climatic conditions in terms of insulation, solar and
ambient energy will only enter the market slowly and will most
probably not gain significant market shares until 2030.

For biomass, further deployment will mainly depend on two
questions: (1) To what extent will new, innovative (and low-
emission) biomass boilers replace existing systems? (2) Will



Fig. 2. Historical data (2007), NREAP-targets, Invert-scenario results and target ranges according to literature, bottom-up analysis and stakeholder dialogue (top: absolute
values; bottom: share on total final energy consumption for space heating and domestic hot water in the residential and tertiary sector).
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biomass play an increasing role in the supply of district heating?
Therewith, the competition of biomass heating plants and biomass
CHP with gas fired CHP will be a crucial aspect. For central and
decentralized biomass heat supply, the Invert scenario results
show that energy price level will be a crucial parameter.

Even though the NREAP-targets for solar and ambient energy
are low compared to the current market level and also compared
to the target ranges and Invert simulation results, they can be
considered quite ambitious. However, this is not the case for
biomass. NREAP targets for biomass heating are somewhat below
the derived target ranges and much closer to the low-price
scenario results than to the high-price results.

The use obligation instrument shows a stronger impact on the
market than the subsidy scheme. The main argument for this
result is that building owners which are already using biomass for
heating have a certain preference for biomass in case of a heating
systems change—even without or with very low financial support.
Therefore, it is important that policy instruments address new
buildings and buildings undergoing major renovation. This is a
clear argument for adoption of the use obligation instrument.

3.3. UK

Among the countries investigated in this paper the UK cur-
rently has the lowest share of RES-H in the total space heating and
hot water final energy consumption (1% in 2007) which is mainly
based on small scale biomass heating. The heating market is
almost completely based on individual, decentralized systems,
often reliant on network delivery of natural gas; district heating
does not play any significant role in the UK.

Hence, the 12% target by 2020 set by the UK government for
RES-H is highly ambitious and provides very specific challenges. As
the consequence, UK policy makers have proposed the Renewable
Heat Incentive (RHI) which is however not introduced yet and still
under discussion. The RHI is a tariff based systems providing
technology specific payments per unit of heat energy produced



Table 9
Solar thermal, biomass and ambient heat (TW h) in 2007, NREAP targets and Invert scenarios results for Austria, Lithuania and United
Kingdom.

TW h Status 2007 NREAP Scenarios

Subsidies Renewable heat obligation

Low energy prices High energy prices Low energy prices High energy prices

Austria
Solar thermal 2007 1.1

2020 2.7 3.2 4.0 2.6 3.0
2030 4.3 6.7 3.2 4.5

Biomass 2007 24.8
2020 31.5 31.7 36.2 29.1 35.8
2030 32.7 38.1 29.9 38.8

Ambient heat 2007 0.8
2020 2.4 3.2 6.0 2.4 5.4
2030 5.2 11.0 3.7 10.0

Lithuania
Solar thermal 2007 0.0

2020 0.1 0.1 0.1 0.0 0.1
2030 0.1 0.2 0.1 0.2

Biomass 2007 7.5
2020 7.9 6.9 10.1 7.3 10.7
2030 5.2 11.8 6.7 12.8

Ambient heat 2007 0.0
2020 0.0 0.0 0.0 0.0 0.0
2030 0.0 0.1 0.0 0.1

United Kingdom
Solar thermal 2007 0.1

2020 0.4 10.6 14.8 17.5 21.4
2030 16.8 31.5 28.5 42.9

Biomass 2007 3.2
2020 8.7 12.4 26.8 41.7 27.4
2030 16.1 34.3 53.6 39.4

Ambient heat 2007 1.0
2020 22.6 5.3 7.8 6.5 11.5
2030 9.3 21.0 15.9 28.4

2 Changing a high-temperature heat distribution system to low-temperature
one has not been applied in the simulations due to the very high costs associated
with this kind of measure. However based on the existing heat distribution system,
its supply line temperature and the reduced heat demand after a renovation has
been applied, the modell calculates the new supply line temperature, necessary to
deliver the required heat demand. Since the new temperature level is lower than
the one prior the renovation, heat pumps achieve higher COPs in renovated
buildings even without changing the heat distribution system.
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(Radov et al., 2009, 2010; DECC, 2010). This instrument is modeled
in the first UK Invert scenario. As an additional exercise this RHI
scheme is also modeled in combination with a policy instrument
obliging energy suppliers to invest in RES-H installations.

Due to the very low penetration of RES-H as a whole at present,
the UK is the only country where all three technology groups
(solar thermal, biomass, heat pumps) could result in similar
contribution to the RES-H penetration in the next two decades.
However, target ranges, Invert scenarios and NREAP targets pre-
sent a different view.

The NREAP targets do not foresee substantial market growth of
solar thermal systems. The target range analysis suggests at least
some contribution to 2020 and quite ambitious growth to 2030.
The Invert scenarios suggest even stronger growth, in particular in
the combined renewable heat incentive (RHI) and supplier obliga-
tion scenarios. This is due to the very attractive RHI incentive
granted for solar thermal (17.5 p/kW h or 19.4 €-ct/kW h) for a
period of 20 years. With such attractive incentives, the penetration
of solar thermal systems is mainly restricted by diffusion con-
straints (i.e. market growth, training of installers, technology
suppliers, quality management etc). However, recent policy dis-
cussions might lead to a reduction of solar thermal support level in
the RHI scheme.

The NREAP targets for biomass heating assume an approximate
tripling of biomass heating up to 2020. Again, the Invert simula-
tion results suggest that the support levels currently proposed
could lead to much stronger market growth. RES-H potential
studies (Radov et al., 2009) and the RHI support schemes (Radov
et al., 2010) suggest that some part of biomass heating could be
covered by 30% blending of plant oil with fossil heating oil and
addition of biogas to natural gas. Consideration of such blending
need to acknowledge that an increase in fossil energy prices also
decreases the economic competitiveness of these biomass systems
(though less than for the pure fossil system). Thus, the share of
plant oil and biogas on the overall RES-H output in the Invert
scenarios is not more than 5–10%. The major part of biomass
heating in the Invert scenario results is due to pellets and wood
chips and to some extent – especially from 2020 onwards – due to
biomass district heating.

Ambient energy shows the strongest growth in the British
NREAP by far. Target ranges and Invert scenario results showmuch
lower market growth. On the one hand, this is due to the diffusion
constraints assumed in Invert. On the other hand, it is also due to
the COP values that can be achieved in different types of buildings
and inflow temperature levels. The higher the growth rate of heat
pumps, the more buildings with high temperature heating sys-
tems will install a heat pump with, respectively, low COPs2. This
drives the mean seasonal COP down, which again has an impact on
the amount of ambient energy per useful heat energy unit. For
these reasons, the authors consider the target for ambient energy
as either extremely ambitious (if high mean COP levels should be
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achieved) or worth to be discussed (because no high mean COP
levels will be achieved). See also the discussion in Section 4.1 on
heat pumps.
4. Discussion and conclusions

4.1. Technology specific conclusions and aspects

4.1.1. Biomass
All together, the results of the investigated countries show the

high relevance of biomass for the current and future situation of
the RES-H sector. For the further deployment of biomass heating,
there are several aspects that should be considered. On the one
hand, the current market situation and policies support the further
growth of biomass in the heat market. On the other hand, the
current exploitation of biomass potentials for heating is already
relatively high at least in some countries (e.g. Lithuania, Austria).
Moreover, the growing thermal efficiency in the building stock
also has an impact on the biomass heating energy demand, i.e. a
constant bioenergy demand for heating means a growing share in
the heat market (however, this also holds for other RES-H
technologies as soon as they gain higher relevance in the total
heat market). Even more, there are countries with a relatively
large share of old wood log heating systems (e.g. Lithuania,
Austria). These old heating systems will probably be replaced in
the next few years and it is questionable to which extent they will
be replaced by modern biomass heating systems. If biomass
heating should grow in absolute terms, new systems have to
overcompensate the replacement of old biomass boilers and
stoves. Therefore, the growth rates within the biomass sector will
be limited, at least in those countries with an already high share of
biomass heating. The final energy consumption of biomass for
heating might even decline, especially after 2020, although this
might be in line with an increasing share in the heating market. A
potential competition over energy use of biomass between differ-
ent sectors has been taken into account only to some extent and
may also depend on other policies in the electricity or transport
sector which have not been subject of this analysis. Technology
development of small-scale biomass boilers, training and aware-
ness raising for biomass heating, sound energy policies, fossil
energy and biomass prices as well as comfort requirements and
availability of biomass for heating and domestic hot water will be
the core drivers for the further deployment of biomass heating.

4.1.2. Heat pumps
Some NREAPS include highly ambitious targets for ambient

energy (e.g. UK). Due to the high comfort level that heat pumps
may provide, public acceptance is quite high. Thus, it seems
possible to create economic incentives that might strongly
increase the demand for this technology. However, the amount
of ambient energy used by these systems depends on the mean
seasonal COP. Only in buildings with low-temperature heating
systems high COP-values (around 4) are likely to be realized.
(However, the climatic context plays a significant role for the
achievable COP and thus should be considered.) If standards,
regulation and effective monitoring schemes restrict the installa-
tion in these types of buildings, this would significantly reduce the
potential of heat pumps. The further penetration of heat pumps
should go hand in hand with rigorous building standards and
renovation measures including the installation of low-temperature
heating system allowing the installation of highly efficient heat
pumps with a correspondingly high COP. However, for an overall
assessment it should also be taken into account that the climate
mitigation effect of heat pumps strongly depends on the future
decarbonization of electricity generation and that heat pumps
could also play a role as flexible appliances in the light of volatile
electricity generation (compare e.g. Schulz and Nast, 2011). These
aspects were not in the scope of this paper.
4.1.3. Solar thermal
Among the investigated countries, solar thermal only in Austria

holds a significant market share. However, the scenarios show the
potential impact of ambitious policies. Even in the UK with
currently very low penetration of solar thermal systems and
unfavorable climate conditions, high growth rates could be
achieved. Some of the policies under discussion at present (e.g.
the UK’s RHI) could provide sufficiently high incentives. However,
none of the investigated NREAPs schedules high growth rates for
solar thermal energy up to 2020. This shows that there might be
some contradiction between the NREAP targets and the policies
currently in place or under discussion at least in some of the
countries.

In the long term (beyond 2030) solar thermal systems will
probably play a crucial role in supplying buildings with low-
temperature heat. This long term role will strongly depend on
thermal building standards and quality of energetic building
renovation. Also the technology development in the field of
thermal energy storage will play a role for solar heating appli-
ances. In order to prepare for these developments early actions are
required. The NREAPs do not show clear political signals for such
early actions.

4.2. Impact of policy instruments

In two of the investigated countries, use obligations lead to a
higher penetration than economic incentives alone. This holds
especially in the long term (until 2030) and for the case of low
energy prices. In case of high energy prices RES-H technologies
become more and more attractive even without support and
therefore the obligatory instrument becomes less relevant.

In Austria the use obligation leads to lower RES-H penetration
than the grants, mainly for two reasons: (1) Investment subsidies
in Austria are very common for RES-H systems (Kranzl et al., 2012).
Therefore, higher economic incentives as for other countries are
assumed which leads to a higher RES-H penetration compared to
the use obligation instrument. (2) The higher the overall RES-H
share, the lower is the impact of a use obligation instrument
targeting only new buildings and major renovations.

Generally, it can be concluded that the lower the current share
of RES-H in the overall heating demand, the higher is the impact of
a use obligation scheme. The reason is that in case of a low RES-H
deployment the energy demand of new buildings and buildings
subject to major renovations (which is covered by such a policy
scheme) is relatively high in comparison to the overall deployment
of RES-H; this ceases to be the case as soon as higher penetration
levels of RES-H are achieved. (The exception for Lithuania is
discussed in Section 3.2.)

Moreover, the rate of new building construction and the rate of
major renovations are a key issue for the success and effectiveness
of use obligations.

Use obligations per se are no technology specific instrument
(although technology specific weights could be implemented in the
scheme). There is a direct link between the level of the RES-H quota
that each relevant building has to fulfill and the RES-H technology
that might be the most attractive one. For low RES-H quotas (e.g. in
the range of 20%) solar thermal energy might be the most economic
solution. For a higher quota, solar thermal systems are increasingly
expensive and, for quotas beyond 30%, heat pumps and biomass
systems in general become increasingly competitive, potentially
leading to a much higher RES-H share than the actual quota level.
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Support of solar thermal systems is required for technological
development and long term perspective. At the same time, higher
RES-H quotas than 20% are required, at least in the mid- to long
term in all countries if ambitious climate change mitigation
scenarios should be achieved (compare e.g. EC, 2011). This leads
to the conclusion, that the use obligation instrument should be
combined with economic, technology specific support schemes
incentivizing solar thermal systems in particular.

Except for the UK case, none of the investigated policy sets
should be regarded as highly ambitious. Such ambitious policy
settings should consist of policy packages combining economic
incentives, obligations and additional measures for overcoming
barriers like training, awareness raising, research and technology
development.
4.3. Total achievable growth of RES-H

Fig. 2 shows that the achievable growth of RES-H is strongly
depending on the economic conditions (i.e. energy prices, poli-
cies). In Lithuania and Austria a high share of currently existing
RES-H systems is based on wood log stoves. Most probably, many
will be replaced by other, more comfortable and more efficient
heating systems within the next years. A crucial issue is to
guarantee that they are replaced by modern biomass boilers
(either wood log, pellets or wood chips) or other RES-H systems.
This is a key challenge for those countries with a currently high
stock of such systems (e.g. LT, AT, PL, GR).

For countries with currently low RES-H penetration it is
difficult to catch up. Diffusion constraints like skilled installers,
availability of high-quality equipment, awareness raising, know-
how etc. are relevant restrictions for the maximum growth of RES-
H markets. However, despite these constraints, policies can have a
major impact on RES-H penetration. Comparing rates of the
market growth in the different countries, it is apparent that
ambitious policies, e.g. currently under discussion in the UK, could
lead to extremely rapid growth of RES-H technologies if simulta-
neous training and awareness raising activities take place, know-
how develops and high-quality equipment is made available.
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