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Abstract
Th e integration and simultaneous consideration of Renewable 
Energy Sources (RES) and Rational Use of Energy (RUE) heat 
policies belong to the major challenges for building a sustain-
able energy system. In this context, the following questions 
arise: 

How will the take-up of energy effi  ciency measures in the 
building stock develop and how will this aff ect the energy 
demand for heating?

How can promotion schemes for demand side measures 
(DSM) infl uence the investment in energy effi  ciency meas-
ures in the building stock? 

How can these policies be optimised? 

How do renewable and energy effi  cient technologies and 
promotion schemes interact?

Th is paper provides a comparative analysis of these questions 
for the cases of Germany, Luxembourg and Northern Ireland. 
Th ese regions have been the subject of investigations using the 
Invert simulation tool. Invert is based on detailed bottom-up 
modelling of the building stock and corresponding heating and 
domestic hot water systems. Th e impact of energy price sce-
narios and promotion schemes can be simulated in a dynamic 
framework.

Th e scenarios show that despite diff erent structures in the 
heating systems, applied energy carriers and the building stock 
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•

•

as a whole, in all three investigated regions improvements in 
the energy effi  ciency of buildings can be expected until 2020. 
Due to the current level of energy prices, this is the case even 
in scenarios without promotion schemes. Without any policies 
heating energy demand will decrease by about 5-10 % whereas 
ambitious policies can achieve reductions of 20% and more up 
to 2020. 

In the three investigated regions quite diff erent traditions of 
RES and RUE policies can be observed. Besides the current 
energy system, building standards, current state of RES systems 
and existing potentials this diff erence in policy culture and tra-
dition turns out to be a major impact parameter for the future 
design of RES and RUE heat policies. 

Introduction 
About 40% of EU energy demand is utilised for heating and 
domestic hot water (EC 2006). Th is presents a challenge for 
carbon dioxide (CO2) reduction to meet climate change com-
mitments, as reduction in this demand through energy con-
servation measures and user behaviour changes has proved 
either diffi  cult, costly or both. In the renewables sector, cur-
rent policies focus on electricity production from renewable 
sources (RES-E) and transport; the use of renewables for heat 
production has been confi ned to a niche that has only begun 
to be addressed through biomass policies and support for so-
lar thermal technology. In this paper we compare the situation 
and prospects of RES and RUE heat policies in three diff erent 
regions: Germany, Luxembourg and Northern Ireland. In each 
case diff erent projects were undertaken to ascertain appropri-
ate policies for domestic buildings that provided the optimum 
pay back for the public purse in terms of maximising CO2 
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reduction. Th is was done by applying the Invert simulation 
tool which was developed as part of an EU ALTENER funded 
project (Kranzl et al, 2005) along with consideration of the role 
that stakeholders play in implementing RES & RUE policies 
(Pett & Guertler, 2005).

Th e structure of this paper comprises the methodology of 
the investigations and description of the Invert simulation tool, 
a description of each case study analysis, and a comparison of 
the results. Th e fi ndings are then discussed, taking into account 
the publication of the EU Energy Policy and Climate Change 
Programme (EC, 2007a & b), in order to present useful in-
sights into policies to promote take-up of RUE and RES heat in 
the building stock and improve building energy performance 
throughout Europe.

Methodology

APPROACH
Th e core methodological approach of each case study described 
in this paper consists of four steps. First, we carried out a com-
prehensive description of the building stock and the related 
heating and domestic hot water (DHW) systems within the 
region. Th is included the distinction between various building 
categories (e.g. single dwellings) and various construction peri-
ods. Each of these building classes are described by representa-
tive geometry and building thermal quality (U-values) data. 
Moreover, the distribution of various heating and DHW sys-
tems in each of these building classes was investigated. Second, 
we analysed the current RES and RUE heat policies in terms 
of the type of programmes in place, the nature of incentives 
off ered and the level of support. Moreover, political discus-
sions of various policy options were examined. Th ird was the 
incorporation of data regarding buildings, heating and DHW 
systems as well as policies into the Invert simulation tool. We 
carried out various simulation runs and arranged the results 
from various scenarios. Finally, we drew conclusions for each 
of the case studies and compared them with each other. 

INVERT SIMULATION TOOL 
Th e section below gives a very short introduction to the Invert 
simulation tool. For a detailed description of the algorithm see 
Stadler et al 2007i.

Invert Simulation Tool is a comprehensive computer model 
supporting the design of energy planning for Renewable En-
ergy Sources (RES) and Rational Use of Energy (RUE). Invert 
allows the simulation of the existing and new building stock in 
terms of Demand-Side-Management and the supply side (heat-
ing, cooling, domestic hot water systems (DHW), solar ther-
mal), summarized by the term RUE. Furthermore, Renewable 
Energy Sources, constituting electricity supply (RES-E), heat 
production (RES-CHP) and bio-fuel production for any de-
sired region can be considered in a bottom-up approach. Due 
to its fl exible design Invert allows comparative and quantitative 
sensitivity analyses of the interactions between RUE, RES-E, 
RES-CHP, bio-fuels and greenhouse gas (GHG) reduction for 
each selected region. In this way the tool allows the simula-
tion of the impact of various promotion schemes (investment 
subsidies, feed-in tariff s, tax exemptions, subsidy on fuel in-
puts, CO2 taxes, soft  loans, and additional aside premium) on 

the penetration of RES and RUE technologies, CO2-emissions, 
public expenses, etc. 

As already mentioned, Invert is a disaggregated bottom-up 
model; it allows the defi nition of any desired building type, 
specifi ed by a certain thermal quality or any desired single 
renewable power plant. Th e main modelling approach in the 
electricity and bio-fuel part of the model is based on the con-
cept of cost-resource-curves: various parts of RES-E/bio-fuel 
potentials are assigned to their costs, sorted by costs and com-
pared to the conventional electricity/gasoline or diesel price. In 
the building related part (heating, cooling, domestic hot water), 
the algorithm is based on the modelling of the decision mak-
ing process of various stakeholders regarding a certain heating, 
cooling or DHW system option or for the insulation / window 
replacement option. A major element is the implementation of 
various restrictions, like technological, economic or cultural 
parameters such as comfort aspects of energy systems (for 
more information see Resch, 2004 and Stadler et al., 2007).

Supply (i.e. heating and DHW systems) and demand (i.e. 
thermal quality of building envelope) are treated simultane-
ously in the model. 

OUTPUTS AND ANALYSIS
Th e major Invert simulation tool outputs are:

Public expenditure (Million Euro/year)

CO2 emissions and reductions (kt/year)

Promotion scheme effi  ciency (PSE)

Detailed results from diff erent combinations of options, 
e.g. insulation and window replacement (GWh/year), mix 
of energy carriers, fi nal energy demand (GWh/year) and 
output from RES-E plants (GWh)

Parameters like demographic change etc may be implemented 
by scenarios for the construction of new buildings and the 
demolition of existing ones and thus the trend in the total 
building stock. 

A core approach of Invert is to compare the expenditure (due 
to promotion schemes) in the electricity or building sector 
with the corresponding reduction of CO2-emissions. Promo-
tion scheme effi  ciency (PSE) (Stadler et al., 2005) is used as a 
signifi cant parameter for the evaluation of diff erent promotion 
schemes. Th e PSE estimates the effi  ciency of a certain strategy 
compared to a business-as-usual (BAU) scenario by compar-
ing the CO2-emissions and public expenditure for promoting 
a certain technology of the reference scenario with the CO2-
emissions and expenditure of the sensitivity scenario. Th e best 
solution is an increase in CO2 emissions reductions accompa-
nied with a decrease in expenditure, however this ideal is rarely 
discovered. Th e second best solution is then described as an 
effi  cient promotion scheme. Effi  cient promotion schemes are 
characterised by large decreases in CO2-emissions and small 
increases of transfer costs compared to the BAU scenario. Th e 
Northern Ireland case study presents the PSE for various sce-
narios and levels of support for diff erent RES and RUE heat 
systems. 

Th e expectation is that new promotion policies for RES and 
RUE will lead to the reduction of CO2-emissions. At the same 
time, transfer costs for promotion schemes will increase. Nor-
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mally, money is spent to reduce emissions. However, PSE is 
only defi ned with respect to public expenditure on promotion 
schemes.

More recently and in particular for the German investiga-
tion, new budget neutral promotion schemes have been de-
signed and incorporated into the simulation tool: bonus model 
and deployment system:

a) Bonus model
Any energy carrier (e.g. biomass) in the building sector can be 
defi ned as a receiver of fi nancial support (€/MWh) and this 
support is fi nanced by so-called ‘bonus payer’ energy carriers 
(e.g. fossil fuels). Because of this money transfer from ‘bonus 
payer’ to receiver, the ‘bonus payers’ are restricted in their dy-
namic development. Depending on the energy consumption 
in year n and the specifi ed bonus values for receivers (€/MWh) 
the entire costs of the fi nancial support are calculated. Th ese 
entire costs have to be paid by the defi ned ‘bonus payers’ in 
year n+1. 

b) Deployment system
In this system, there is the obligation to deploy certain tech-
nologies (e.g. either biomass or solar thermal systems) in case 
a heating system is changed or a building is newly constructed. 
However, investors have the option to pay a penalty in case that 
they decide for another (e.g. fossil fuel) system. 

Description of case studies: Germany,           
Luxembourg, Northern Ireland

GERMANY
Th e primary objective of this analysis for Germany was to 
identify innovative, effi  cient and budget-neutral policies for 
promoting RES in the heating sector (Nast et al 2006). Th e 
investigation focused on the impact of these schemes on the 
policies costs and the penetration of RES in the heating sector. 
Hence, we modelled the building stock and the related heating 
and DHW systems using the Invert simulation tool. Both the 
shares of RES as well as the detailed types of heating technolo-
gies depend on the development of DSM (primarily insulation 
and window replacement). Hence, we analysed future scenarios 
for both the development of building effi  ciency and RES under 
various promotion schemes. 

Th e current policies for RES are primarily investment subsi-
dies and soft  loans within the framework of the ‘market incen-
tive programme’. 

Th e policies for promoting rational use of energy (RUE) in 
the building sector are partly covered by standards (Energiee-
insparverordnung) and the KfW building refurbishment pro-
gramme, which off ers subsidies and soft  loans. Moreover, the 
Bundesländer have partly established subsidies additionally to 
federal programmes. 

Th e geographical scope of the investigation was all of Ger-
many. Th us, it is by far the largest region among the three case 
studies presented in this paper. It covers over 38 m dwellings 
with a total heat demand of about 780 TWh (ca. 2,800 PJ). Th e 
share of RES amounts to about 7 %, the largest share of which 
is covered by biomass heating systems. 

Current state of building stock and heating systems
For modelling the German building stock, we diff erentiated 
between nine construction periods according to available sta-
tistics (before 1918, 1919-1948, 1949-1957, 1958-1968, 1969-
1978, 1979-1983, 1984-1994, 1995-2001, aft er 2001) and nine 
building categories (single dwellings, attached houses, small 
multiple dwellings, large multiple dwellings, sky scrapers, and 
four types of non-residential buildings). 

Th e development of U-values for single dwellings shows that 
substantial improvements in building effi  ciency have occurred 
over the last decades (see fi gure 9). However, there is still major 
potential for building improvements, especially for the build-
ings constructed before 1980. Th e values take into account that 
some parts of the building stock have already been insulated 
in the past.

Th e energy carrier mix for heating is strongly dominated by 
natural gas (47 %) and oil (27 %). District heating covers 13 %, 
biomass 7 % and electricity 5 % (see fi gure 10). 

Development of energy demand and the role of effi ciency 
measures
For the simulation of a reference scenario we kept the current 
policies constant until 2020 and assumed a moderate price in-
crease. Th e results of the reference scenario show that current 
energy prices combined with the policies currently in place 
lead to a reduction in useful energy demand of about 14 % by 
2020. By increasing the current subsidies, higher energy re-
ductions could be achieved (20 % until 2020). However, these 
reductions would require substantially greater eff orts: Figure 1 
shows scenarios of multiplying the current DSM subsidies by 
two, three and four. DSM-max represents the theoretical case 
of 100 % investment subsidy for DSM in order to estimate the 
maximum achievable scenario given certain maximum mar-
ket penetration rates (renovation rates of buildings). Still, the 
maximum heating energy reduction from DSM in Germany’s 
building sector is nearly 30 % until 2020. However, this poten-
tial is hard to achieve, because parts of this potential are quite 
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costly to realise. Th e number of buildings with new insulation 
varies between below 1 % (reference scenario), 1.8 % (DSM x4-
scenario) and almost 3 % (DSM-max) per year on average over 
the simulation period (2005-2020). 

Figure 21 shows the uptake of RES heat in a budget neutral 
promotion scheme, called ‘bonus system’ (see above and Nast 
et al 2006). Operators of renewable energy systems receive a 
bonus payment per kWh which has to be paid by operators of 
fossil fuel systems. Th us, in a way similar to the feed-in-tariff -
scheme, this system does not require public expenditure. Th e 
fi gure shows that the share of RES could be substantially in-
creased, although the share of currently dominating wood log 
boilers is assumed to decline. 

Outlook and current policy discussions
Current discussions about new policies in the heating sector 
strongly focus on an increase of RES. Innovative budget-neu-
tral policy instruments are at the core of this discussion. Th ree 
main schemes are subject to investigation: Installation obliga-
tion (consumers are obliged to provide a certain share of their 
heating demand by renewables or otherwise have to pay a pen-
alty, called deployment system in the Invert simulation tool, 
see above), quota obligation (fuel suppliers have to ensure of a 
certain share of renewables in their sales volume) and the afore-
mentioned bonus system. Th e strong benefi t of budget-neutral 
instruments like obligations, quota or bonus systems are that 
they are not dependent on short-term political considerations 
and availability of public budget. Th us, they potentially can 
provide a stable and prosperous environment for RES in the 
medium to long-term. 

Th e interaction with effi  ciency improvements in the building 
stock is not yet targeted by these schemes. However, this will be 
the subject of investigation in a subsequent project.

1. Figure 2 includes RES heat energy systems and no fossile energy. This is the 
reason for a positive slope in Figure 2 compared with the negative slope in Figure 1 
for the total heating energy demand. 

LUXEMBOURG
In the case of Luxembourg, we investigated the potential of a 
broader penetration of RES and RUE in the residential heating 
and DHW sector of Luxembourg. Th e objective was to develop 
scenarios for stronger implementation of RES and RUE tech-
nologies and the corresponding CO2-reduction and to derive 
suggestions and recommendations for future policy develop-
ment. 

Promotion schemes in Luxembourg presently are based on 
investment subsidies. For RES-heat systems relatively high 
investment subsidies in the range of 30%-50% are in place. 
However, it has to be taken into account that the taxation of 
energy and especially of fossil fuels is substantially lower than 
in neighbouring countries. Th us, the promotion schemes’ level 
of incentive for RES and RUE technologies has to be higher in 
order to ensure cost effi  ciency compared with competing fossil 
energy systems. 

With respect to the renovation of buildings, the government 
of Luxembourg has established promotion schemes which are 
quite attractive from an economic point of view. For RES and 
RUE measures in the residential heating sector, an investment 
subsidy of 1,500 Euro per annually reduced ton of CO2 is grant-
ed. Th is scheme off ers high fl exibility because the reduction in 
CO2 emissions can be achieved by various technologies and 
systems. Moreover, the incentive is quite attractive. Neverthe-
less, the experience with this scheme showed that the up-take 
of this subsidy was quite low. Obviously, calculating the CO2 
reduction turned out to be a high barrier and not suffi  ciently 
transparent. Th us, the success of this scheme was below ex-
pectations. With respect to new buildings, up to 140 €/m2 and 
77 €/m2 are granted for the construction of passive houses and 
low-energy houses respectively.

In Luxembourg there are about 170,000 dwellings and a 
residential heating demand of about 3.6 TWh (ca. 13 PJ). We 
divided the building stock into eight age-bands according to of-
fi cial statistics (before 1919, 1920-1945, 1946-1955, 1956-1970, 
1971-1980, 1981-1990, 1991-1995, aft er 1995) and four build-

Figure 2. RES heat development in Germany under the ‘Bonus’ Promotion scheme 
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ing types (single dwellings, double dwellings, small multiple 
dwellings and large multiple dwellings). 

Th e analysis of the building quality of various construction 
periods shows a steep decline of U-values in 1995 (and for exte-
rior walls in 1980) which hints at the large potential for energy 
saving measures in this fi eld. Th e values take into account that 
some parts of the building stock already have been insulated 
in the past. 

Currently, the heating and DHW energy consumption is 
based almost fully on oil (46 %) and natural gas (46 %). Only a 
small part is covered by electricity (4 %), biomass (2 %), district 
heating (1 %) and LPG (1 %). 

Scenarios up to 2020
In the case of Luxembourg, we investigated the impact of a low 
energy price versus high energy price scenario. (low: slight de-
crease of oil price, moderate increase of gas price (19 %), mod-
erate increase of electricity (9 %) and biomass prices (3 %); 
high: increase of oil (40 %), gas (68 %), electricity (44 %), and 
biomass prices (43 %) up to the year 2020).

Figure 3 shows the eff ect of promotion schemes in the fi eld 
of DSM (insulation and window replacement) on the useful 
energy demand for heating. For each of the price scenarios it 
shows the impact of the actual policy (BAU), a more ambitious 
policy (DSMii), a maximum DSM-scenario (DSM plus: 100 % 
subsidy for insulation and window replacement) and no sup-
port at all (w/o subsidies). It is obvious that the energy price has 
a strong impact on the uptake of energy effi  ciency measures: In 
the period from 2006 to 2020 the average annual share of build-
ings with new insulation in the low price scenario varies in the 
range below 0.3 % (w/o subsidies), 0.7 % (BAU) up to 1.3 % 
(ambitious DSM policy) of the whole building stock, whereas 
in the high price scenario these shares range from 0.9 % (w/o 
subsidies), 1.3 % (BAU) and 1.8 % (ambitious DSM policy). 

Due to this high dependency on energy prices, it becomes 
apparent that the price increase of fossil fuels over the last few 
years has led to a quite strong incentive for DSM, which actu-
ally is even stronger than that of the corresponding promotion 

schemes. Th us, even the ‘without subsidies – low price’ scenario 
leads to a fall in heating energy demand, due to the currently 
relatively high prices of fossil fuels and so providing enough 
incentive for DSM at least in those buildings with the lowest 
thermal standards. 

Th e energy carrier mix in all scenarios shows a shift  from oil 
to gas and just a very moderate increase of biomass systems, 
which is due to the urban structure and limited biomass poten-
tials within the area of Luxembourg (see Figure 4).

Outlook and current policy discussions
In accordance with the Energy Performance of Buildings Direc-
tive (EPBD), Luxembourg implemented the energy certifi cate 
for buildings. Of course, the target of the energy certifi cate is 
to foster energy effi  ciency measures in the building stock. Th us, 
the responsible authorities are currently thinking of ways to 
link promotion schemes for RES and RUE to the building cer-
tifi cate. Th is could be achieved by linking the level of economic 
incentive to the number of certifi ed effi  ciency classes that can 
be skipped by implementing a certain measure. However, this 
would imply an energy certifi cate as a precondition for receiv-
ing the subsidy, which could turn out to pose a signifi cant bar-
rier to uptake. Th erefore, a second option for the linkage of 
energy certifi cate and RUE and RES heat support could be a bo-
nus system. Th is system would consider investment subsidies 
for various RUE and RES heat measures (e.g. insulation, solar 
thermal systems, pellet boilers) and an additional bonus for the 
number of energy classes (defi ned in the energy certifi cate) that 
are skipped by the specifi c measures, in this way also off ering 
an incentive for early certifi cation.

NORTHERN IRELAND
Th e Invert simulation tool was applied to the region in 2006 
during research on the delivery of energy demand reduction 
in Northern Ireland. Th e geographical situation of Northern 
Ireland (NI) distinguishes its energy policy from the rest of the 
UK as it does not benefi t from direct links to North Sea oil 
and gas supplies. It has not benefi ted from the ‘dash for gas’ 
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which has characterised the British energy and CO2 emissions 
reductions profi les since the 1970s. However the fuel mix in NI 
is changing, with the development of gas interconnectors (the 
third came on stream in 2005) with the Republic of Ireland and 
with Scotland, and investment in wind energy. Th e principal 
mode of domestic heating remains oil, although in some parts 
coal predominates. In NI energy is a devolved issue, unlike the 
situation in England, Scotland and Wales where control is by 
the UK government. Th e development of an Energy Strategy 
has taken priority (DETI, 2004) with the publication of an aim 
to reduce electricity use by 1% a year in real terms from 2007 
to 2012.

Several support schemes for RUE and RES heat are estab-
lished in Northern Ireland. Th ere are schemes which are related 
to low-income households providing grants for energy effi  cien-
cy improvement and effi  cient heating systems (warm homes 
scheme). Special schemes exist also for social-rented dwellings. 
Th e Environment and Renewable Energy Fund Household 
Programme2: off ers substantial subsidy of RES technologies for 
the residential sector, including for RES heat – solar thermal 
water heating, ground, water and air source heat pumps, wood 
pellet stoves and wood pellet boilers – funded by the North-
ern Ireland Department of Enterprise, Trade and Investment. 
Given NI’s belated ‘dash-for-gas’, a typical scheme for Northern 
Ireland is the Gas Boiler Scheme: Northern Ireland’s gas supply 
company, Phoenix Natural Gas, off ers a £ 400 grant towards 
A-rated condensing gas boilers. In a similar way, other energy 
supply companies also provide support in order to fulfi l energy 
saving obligations. 

Effi ciency of RES and RUE promotion schemes in the building 
sector
A detailed baseline model of Northern Ireland’s residential 
housing stock (650,000 dwellings) was created in Invert using 
data from the 2001 NI House Condition Survey (NIHE 2005). 
Th is incorporates conservative estimates for fuel price develop-
ment over the next 20 years, includes a technological database 
of diff erent heating systems, insulation materials and window 
replacement options. It takes account of the rate of stock re-

2. http://www.detini.gov.uk/cgi-bin/get_builder_page?page=2455&site=5&parent
=21&prevpage=53

furbishment, maintenance costs of heating systems and appro-
priate boiler sizing. A three-year ‘stakeholder-payback time’ 
has been chosen for the baseline. Th is short payback time is 
intended to refl ect that in the UK, the payback time accepted 
by consumers is very short, predicated on the fact that even 
government programmes expect building measures to payback 
within fi ve to seven years to consider them ‘cost-eff ective’ for 
energy reasons alone (Smith et al., 2005). Th e baseline also as-
sumes full availability of natural gas; in practice this will be 
limited to those with easy access to the gas network but the 
stated policy aim is to have as many households connected as 
feasible consequently no alteration of the baseline is considered 
appropriate.

Figure 5 illustrates the development of the number of diff er-
ent central heating systems under the baseline scenario.

Th e baseline shows high take-up of gas central heating sys-
tems, mainly replacing oil central heating, and is higher than 
might be expected but for the unusual situation of Northern 
Ireland’s geography and resources. Th is take-up tails off  slightly 
around 2018, when households would start taking up solid fuel 
central heating up again if they make decisions based on cost 
alone. Th is is plausible on the basis of the development of the 
cost of coal compared to gas over time, but of course would not 
be if building regulations proscribed the installation of solid 
fuel central heating. Th e number of electric central heating sys-
tems declines steadily throughout.

However with the baseline as described, it might be neces-
sary to promote a renewable heating option that compensated 
for a restricted gas network. Th e incentive in Figure 6 illus-
trates what happens if a 50 % subsidy is provided on the cost 
of a wood pellet boiler – this would prevent any increase in the 
number of coaliii central heating systems and has the additional 
benefi t of containing the take-up of gas central heating to less 
than 50 % of the households without forcing an artifi cial con-
straint on growth. 

In the same way as we did not consider constraints on the 
gas connection, we did not implement a constraint on the 
supply of wood pellets. In practice, opportunities for biomass 
development could be attractive to the Regional Development 
authorities. Invert indicates that substantial take-up of wood 
pellet boilers could be encouraged, even against the assumption 
of short-termism amongst households.

Figure 5: Baseline scenario, number of central heating systems
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Figure 7 shows the fall in useful energy demand due to wall 
and ceiling insulation for various levels of subsidy. Similar to 
the other regions, we can observe a decline in heating demand 
even in the ‘no subsidy’ scenario, which occurs due to the price 
increase over the last few years. However, policies can help to 
substantially increase the uptake of measures. From the fact 
that we cannot identify much diff erence between the 40% and 
50% subsidy, we learn that it is not effi  cient to provide subsi-
dies above 50% because from this level on nearly all potentials 
for energy savings by those measures are tapped. Th ere is ad-
ditional potential that could be appropriated by subsidising 
window and fl oor insulation – in particular if the former is 
heavily subsidised. However, these measures are not viewed as 
energy saving measures in public policy terms in the UK and 
in Northern Ireland in particular.

In Figure 8 the option of promoting wood pellet boilers (‘P 
subsidy’) compared with solar thermal technology is consid-
ered, each combined with insulation measures with varied lev-
els of subsidy (‘I subsidy’). Some interesting points emerge:

At the extreme left  hand side, wood pellet boilers on their 
own have such little take-up until a 40% incentive is applied, 
that the early points on the graph are anomalous. However, 

when combined with insulation subsidies at various levels, 
wood pellet boilers become increasingly attractive. ‘High’ sub-
sidies (60 %) for insulation (the outermost curve) promote 
take up at high levels of effi  ciency for the programme in terms 
of CO2 saving per unit cost. However, of course a substantial 
further increase of the the subsidy level leads to a reduction of 
promotion scheme effi  ciency, due to increased public expendi-
ture coupled with little additional take-up.

For solar thermal, the peak take-up is when a 50 % subsidy is 
applied, aft er which increasing the subsidy leads to little addi-
tional take-up and it is public money wasted. However, adding 
a 60 % insulation subsidy to the 50 % subsidy for solar thermal 
on its own leads to additional take-up so that this combination 
peaks in terms of effi  ciency at around 12 tonnes CO2 per unit 
cost delivering nearly a 25 % reduction in CO2 emissions in 
2023 over the baseline. 

However, this same eff ect could be delivered at lower cost 
with a medium (40 %) subsidy on insulation and 40 % subsidy 
on wood pellet boilers.

All the combinations of wood pellet boiler plus insulation 
subsidies lead to a point at which a 65 % reduction in CO2 emis-
sions could be achieved at around the same total cost of CO2. 
Th is suggests a limiting factor on the take-up of this technology 
compared with other available systems. It also suggests that if 
NI wished to reduce its emissions further, some other combina-
tion would be needed, such as changes to building codes.

First conclusions
To what extent would programmes such as this be feasible? Th e 
indication of a cost-eff ective combination of measures does 
not assist programme designers to identify the total societal 
cost of the programme. A programme has to fi t the budgetary 
constraints and sources of public fi nance. With the example of 
wood pellet boilers, this technology is currently in its infancy 
in NI. A UK government grant funded a plant in Enniskillen 
which now produces 50,000 tonnes per year from wood chip-
pings and wood waste, suffi  cient to fuel 10,000 homes annually 
(RCEP 2004), and which makes it a considerable contributor to 
a low carbon future for Northern Ireland. However, successful 
development of local biomass resources will require govern-
ment support, particularly in the early stages of development 
when new infrastructure is required, and also to develop the 

Figure 6: Baseline scenario with 50% subsidy on wood pellet heating systems
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local skills base, raise public awareness and to establish a com-
petitive market (Carbon Trust 2005). 

Th is highlights the key stakeholder risk areas that the Invert 
project identifi ed for promotion schemes, particularly the need 
for a strong commitment from government, involvement of the 
stakeholders in the new supply chain, and support for the tech-
nology including education, demonstration and marketing. Th e 
choice of which programme, or combination of programmes 
to choose will depend to a great extent of the involvement of 
stakeholders, their capacity to produce the necessary systems 
and fuels, and the rate of change in societal understanding of 
the technologies. However the cost of these programmes can 
be seen through the Invert model, and the benefi ts clearly de-
scribed. If such an approach is adopted in NI it will also re-
quire interdepartmental working of a high order. At present 
there is some division of accountability and therefore need for 
agreement on priorities and objectives, but there is evidence of 

cross-departmental working both within NI and inter-UK, thus 
NI should have the ability to makes these changes should the 
political will (and ministerial commitment) be there.

Comparative discussion of results

CURRENT BUILDING QUALITY
Analysing the energy effi  ciency of buildings (U-values) from 
various construction periods in the three case study regions 
showed that the building standard of new buildings is in a quite 
similar range. However, the U-values of buildings constructed 
before 1980 show considerable deviations. In particular, build-
ings in Luxembourg before constructed before 1945 have 
signifi cantly higher U-values than in Northern Ireland and 
Germany, whereas buildings in Northern Ireland constructed 
between 1945 and 1980 are substantially more effi  cient than 
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in the other regions. Th is leads to diff erent need for building 
renovation activities and energy saving potentials. 

For the uptake of insulation measures and window replace-
ment, energy prices and public support are the most important 
impact parameter. However, even in low-energy price scenarios 
and in the case of no public support, useful energy demand for 
heating declines by about 5-10 % up to the year 2020. Th is is 
because the energy price increase within the last few years pro-
vides enough incentive for DSM, even if prices will not increase 
further. Since it can be expected that within these regions sub-
stantial public eff ort for energy effi  ciency will occur, a signifi -
cant decrease of useful heating energy demand in the range 
15 % to 25 % compared with 2005 can be expected. However, 
it should be taken into account that parts of these savings could 
be compensated by rebound eff ects, e.g. by increasing service 
factors when switching from single stoves to central heating 
systems (Kranzl et al 2005). 

HEATING ENERGY CARRIERS 
Th e energy carrier mix in the three case study regions varies 
considerably: Germany shows the highest share of natural gas 
with about 47 % of total fi nal heating energy demand, oil has a 
share of about one quarter. Luxembourg covers its heating en-
ergy demand with identical shares of natural gas and oil (each 
about 46 %) and in Northern Ireland, two thirds of heating 
energy demand is covered by heating oil and a relatively high 
share of 16 % by coal. 

So, the need for a shift  to low carbon energy carriers is quite 
diff erent in these three regions from a climate mitigation point 
of view. However, despite of these diff erent structures, in all 
these regions a strong tendency from oil to gas (and partly dis-
trict heating) can be observed. In Germany, this shift  already 
occurred to a quite high extent in the past, whereas in North-
ern Ireland this probably will occur mainly over the next 10-
15 years, although it might be partly restricted by limited gas 
interconnectors.

THE IMPLICATION OF RUE POLICIES ON RES DEVELOPMENT 
AND VICE VERSA 
A general aspect of integrating RES and RUE policies which 
holds for all case studies, is the impact of RUE policies on the 
up-take of various heating systems (among them RES-heat) 

and vice versa. One core reason for this linkage is the diff erent 
structure of investment and fuel costs of various heating sys-
tems. In general, RES heating systems show higher investment 
costs and lower fuel costs than conventional systems. Th is is 
especially true for the period since the oil price increase over 
the last few years. Of course, a building that has been insulated 
shows a lower fuel demand. Th erefore, for such an insulated 
building, heating systems with lower investment costs become 
more attractive, since the fuel costs are reduced by the insula-
tion measures anyway. Th us, in low-energy buildings there is 
a tendency towards heating systems with low investment costs 
and thus conventional, fossil systems. Th is, of course, is the re-
sult of a pure economic analysis. Actually, behaviour of people 
living in low energy buildings could as well show a tendency to 
higher investments (i.e. low interest rate). Th is aspect remains 
for future investigations of the behaviour and actual decision 
making process of corresponding consumers and investors. 

Especially in scenarios with a longer time horizon, analyses 
have shown that the heat load of buildings (under central Euro-
pean climate conditions) can be expected to decrease substan-
tially, in average by about 40-50 % (Müller et al. 2006). In such 
scenarios, especially in the high quality and effi  ciency segment 
of the building stock, there is a strong tendency towards elec-
tric heating systems since these are the systems with the lowest 
investment costs (see also Torakov et al 2007). Th is tendency 
is partially reversing the positive impact of RUE-measures on 
GHG reduction. Hence, it is crucial to set specifi cally targeted 
measures for low energy buildings, for example regarding the 
promotion of heat pumps, pellet stoves, tiled stoves etc. Such 
policy measures can ensure that the positive impact of DSM is 
not countered by adverse development of heating systems. 

In particular, the RES-heat scenarios in the case of Germany 
(fi gure 2) show a high uptake of grid connected RES-heat (bio-
mass, geothermal, solar). More generally, district heating is 
expected to become increasingly important in the future heat 
market. However, substantially declining heat loads of build-
ings and thus a declining heat density, especially in non-urban 
regions will occur in the next decades. Since district heating 
grids represent quite long-term investments, especially in ru-
ral areas, the heat demand – such as of new biomass district 
heating systems – should be calculated with a dynamic point 
of view considering probably occurring investments in insula-
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tion and thus dynamically decreasing heat demand. Th us, this 
aspect will be a core challenge for the integration of RES and 
RUE policies.

POLICIES: CURRENT STATE AND DISCUSSION OF VARIOUS 
OPTIONS
Current policy structures in the three investigated regions are 
quite diff erent. Due to variations in historical background, po-
tentials of renewables and climate conditions, the approaches 
turn out to be quite diff erent. To some extent they represent 
typical cases of various policy cultures. 

In Luxembourg we can see a case of quite low energy taxes 
for fossil fuels. In order to provide enough incentive for RES 
heat systems, relatively high subsidies are granted. Also for en-
ergy effi  ciency measures quite attractive monetary incentives 
are in place. However, due to administrative and other barriers, 
the uptake of these measures turns out to be lower than could 
be expected. For the discussion of future policy options the 
geographical structure of Luxembourg, and its limited domes-
tic biomass potentials have to be taken into account. Moreover, 
there is hardly any tradition of biomass heating systems – ac-
companied with historically quite low energy taxes on fossil 
fuels. Th us, current ideas for climate policies in the heating 
sector focus strongly on the promotion of DSM. An innovative 
approach is the idea of coupling the promotion of both RES and 
RUE for heating with the energy certifi cate for buildings and 
the skipping of energy effi  ciency classes by introducing energy 
saving measures.

Current RES-heat policies in Germany are characterised 
by moderate investment subsidies by the federal government 
which are partly accompanied by additional schemes within 
the Bundesländer. For the current discussion, we have to con-
sider that Germany has made the experience with eff ective 
feed-in tariff s in the RES-E sector EEG (Erneuerbare Energien 
Gesetz – Renewable Energy Law). Th us, it is apparent that there 
is the idea of transferring the results for RES-E to RES heat. 
Within a project [Nast et al 2006] commissioned by the Ger-
man environment ministry, budget-independent schemes have 
been developed in order to provide similar stable and attractive 
conditions for RES in the heat market as it has been done for 
RES-E. Th e integration of RES heat with RUE policies is just 
emerging and will be subject to investigation of a subsequent 
project. 

In Northern Ireland currently there is a broad set of policies 
which are primarily household related and not building related 
and have a strong social motivation. Th e role of energy suppli-
ers in fulfi lling energy savings obligations is much higher than 
in the other case study regions. Th us, the Energy End-use Ef-
fi ciency and Energy Services directive could provide an incen-
tive for strengthening this tradition. Th e further development 
probably will also depend on the cross-departmental working 
within the Northern Ireland administration. 

Conclusions: Challenges for integrated RES & 
RUE heat policies in Europe
Despite the analysis of the Stern Review identifying the need 
to invest now to achieve only 1% loss of GDP as apposed to 
a major downturn later (Stern, 2006), the need for the public 
expenditure to be cost-eff ective remains. In its proposals for an 

energy policy to 2020 (EC, 2007a), the Commission proposes 
a binding target in renewable energy systems, including a re-
newables legislative package to facilitate market penetration of 
biofuels, heating and cooling. What the case studies described 
above indicate is that this market penetration can be managed 
cost-eff ectively if careful combination of measures takes ac-
count of the interactions between instruments. Th e Commis-
sion specifi cally cites the key measures of ‘rapidly improving 
the energy performance of the EU’s existing buildings’ and ‘ 
coherent use of taxation to achieve more effi  cient use of energy’ 
(EC 2007a, p12). 

Th e potential for demand side management in the building 
sector lies not only in new buildings, but in fact primarily in 
renovation. It is not feasible to consider wholesale replace-
ment of old ineffi  cient buildings with new, and the case studies 
have demonstrated that substantial CO2 savings can be made 
through renovation at appropriate stages in the life of a build-
ing and its appliances. Promotion schemes for DSM, coupled 
with energy performance certifi cates for buildings, combine 
not only to make sense in policy terms but in market terms, 
as experts anticipate that a property with a good energy rating 
will maintain or improve its value compared with lower energy 
performance under all future scenarios (Guertler et al, 2005).

Th e new (or restated) policy framework for the EU stresses 
that the targets are ambitious. Our contention for RES & RUE 
policies in particular is that as long as the externalities of en-
ergy use are not included in a level high enough to foster these 
technologies, other incentives have to be set in order to achieve 
the ambitious targets. For an optimum design of related policy 
instruments it needs an analysis of many interconnected cir-
cumstances and side conditions. Th e following lists and briefl y 
describes some of them: 

Interactions of technologies and policies:                          
Technologies and policies show multiple interdependencies. 
Th ey infl uence each other and thus can help to increase the 
effi  ciency and eff ectiveness of the policy mix or conversely 
they can hinder each other. Th e most important interactions 
investigated in this project are the following:

First, in the building sector supply and demand side 
measures are infl uencing each other, in particular due 
to diff erent levels of energy prices for diff erent energy 
carriers. Hence, a change in the policy for DSM usually 
simultaneously causes an impact on the energy carrier 
mix. 

Second, the improvement in the thermal building qual-
ity will reduce the total heating demand, in particular 
that part supplied by district heating. Decreasing heat 
demand in the building stock will need to be consid-
ered when designing district heating systems and cor-
responding CHP in the future in order to avoid lack of 
adequate heat demand and ineffi  cient operation modes 
in the future. 

Th ird, potentials (in particular biomass potentials) are 
restricted. Th us, a competing situation between various 
sectors may occur, aff ecting effi  cient policy portfolios. 

Incentive compatibility:     
Th e incentive compatible design of promotion schemes is 

•

•

•

•

•
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one of the basic requirements for effi  cient policies. It has to 
be considered that each public intervention can lead to side-
eff ects. For example, subsidies granted as a percentage of in-
vestment costs show the tendency to decrease the incentive 
for cost reductions; subsidies granted per kW of installed 
power may lead to over-dimensioning, e.g. of heating boil-
ers. Th us, schemes should be based on parameters leading 
to incentives that support the target of the policy and hence 
are incentive compatible. For example, subsidies for insula-
tion granted in €/m2 living area, depending on the achieved 
energy savings and building quality show less negative bias 
than investment subsidies granted as a fi xed percentage of 
investment costs. 

For a comprehensive analysis and optimisation of policy 
instruments at least these two aspects have to be taken 
into consideration: effi  ciency and eff ectiveness. Th e ef-
fi ciency of a promotion scheme indicates how much of 
a target (e.g. CO2-reduction) can be achieved by using a 
certain amount of public money in terms of kg CO2/€. Th e 
eff ectiveness measures how much this instrument can con-
tribute to reaching a certain target in absolute terms (e.g. 
kg CO2-reduction). Both aspects have to be considered at 
the same time. Taking into account only one of these aspects 
in isolation may lead to fallacy, but may also ultimately de-
pend on the acceptable cost of CO2 mitigation as balanced 
against climate change policy requirements. In this paper, 
for Northern Ireland a CO2-effi  ciency graph is presented 
combining these two aspects. Th is clearly shows that the 
optimum policy mix is a matter of the policy target. Which 
level of CO2 reduction should be achieved by a certain year? 
What additional targets should be met (energy security, en-
ergy saving, reduction of other emissions)? 

Th e presentation of the case studies in Germany, Luxembourg 
and Northern Ireland has found commonality in several issues: 
substantial uptake of DSM in the building sector can be ex-
pected in the next decades. Th e level of energy prices as well as 
incentives or compulsion provided by policies will have a con-
siderable impact for this development. A share of these energy 
savings will be compensated by rebound eff ects. One of the 
challenges for future policies will be to minimise such negative 
side-eff ects, such as by an effi  cient integration and adjustment 
of RES and RUE policies. Th e trend from oil to gas will con-
tinue in the future and one of the crucial questions is how RES 
heat systems will cope with declining heat loads of buildings. 
Compulsion may have an increased role to play to avoid a ten-
dency towards less capital-intensive but more carbon-intensive 
heating systems. On the other hand, the paper has identifi ed 
that natural resources, policy culture and applied energy carri-
ers lead to very diff erent requirements for the choice of combi-
nations of policy instruments. 

A common general condition is the requirement of stable 
surroundings and policy framework. Market development 
needs confi dence and at least medium term security. Promo-
tion schemes based on investment subsidies in general depend 
on availability of the according public budget. Th is can be a 
considerable reason for market uncertainty. Th e development 
and implementation of budget independent instruments could 
provide more secure conditions and an extended time horizon 

•

for the market participants. Th is can be done by related obliga-
tions towards energy suppliers (as it is partly the case in North-
ern Ireland), obligations and standards oriented towards end 
users or coupling RES bonuses with taxation of fossil energy (as 
it is currently under discussion in Germany, see Nast et al 2006) 
and partly also by connecting RES heat promotion to the en-
ergy certifi cate for buildings (as it is currently under discussion 
in Luxembourg). In any case, the success of promoting RES 
heating and cooling will depend heavily on designing policy 
instruments that provide not only attractive but also medium 
to long term secure and trustable conditions.

Th e design of such policy instruments that represent an 
optimum of effi  ciency and eff ectiveness requires identifying 
the interactions between policies, the existence of competing 
schemes, understanding the growth paths of new technologies, 
understanding the dynamics of scheme application, ensuring 
that incentives are compatible, and then applying a well de-
signed analytical tool to a built environment as near as possible 
to the real world.

Acronyms
CHP Combined heat and power
DSM Demand side measure
EPBD Energy performance of buildings directive
GHG Green house gas
LPG Liquifi ed petroleum gas
PSE Promotion scheme effi  ciency
RES Renewable energy sources
RES-E Renewable electricity
RES-H Renewable heat
RUE Rational use of energy

References 
Carbon Trust (2005) Northern Ireland Vision Study: Annex B 

Carbon Trust, London and Invest NI, Belfast
DETI (2004) Energy; A strategic framework for Northern 

Ireland. Department of Enterprise, Trade and Investment, 
Belfast

EC (2006): European Energy and Transport. Trends to 2030 
- update 2005 Baseline Scenario 2005. Prepared for the 
DG-Tren by Mantzos, L. and Capros, P. 

EC (2007a) An Energy Policy for Europe COM(2007) 1, Euro-
pean Commission, Brussels

EC (2007b) Limiting Global Climate Change to 2 degrees 
Celsius; the way ahead for 2020 and beyond. COM (2007) 
2, European Commission, Brussels

Guertler P, J Pett & Z Kaplan (2005) Valuing low energy offi  ces 
- the essential step for the success of the Energy Performance 
of Buildings Directive. Proceedings of the 2005 eceee Sum-
mer Study, May 30 - June 3, Mandelieu, France; eceee, 
Stockholm

Kranzl L, Stadler M, Resch G, Huber C, Haas R, Ragwitz M, 
Brakhage A, Pett J, Guertler P, Figorski A, Gula A, Sliz B, 
Gula E, Figorski A, Bakos G, Tsioliaridou E, Joergensen 
K, Fernandes M (2005): Investing in RUE & RES Tech-
nologies: models for saving public money. Report of Work 
Phase 7 of the project INVERT. Energy Economics Group 
(EEG), Vienna University of Technology, Vienna, Austria.



1,159 KRANZL ET AL

72 ECEEE 2007 SUMMER STUDY • SAVING ENERGY – JUST DO IT!

PANEL 1. THE FOUNDATIONS OF A FUTURE ENERGY POLICY

Müller, A. et al.: Long term scenarios for the development of the 
building stock and related heat load. Internal working pa-
per within the project „Szenarien der gesamtwirtschaft li-
chen Marktchancen veschiedener Technologielinien im 
Energiebereich“, commissioned by the Austrian ministry 
for transport, innovation and technology. 

Nast M., Leprich U., Ragwitz M., Bürger V., Klinski S., Kranzl 
L., Stadler M. (2006): Eckpunkte für die Entwicklung und 
Einführung budgetunabhängiger zur Marktdurchdringung 
erneuerbarer Energien im Wärmemarkt Endbericht. Im 
Auft rag des deutschen Bundesministeriums für Umwelt, 
Naturschutz und Reaktorsicherheit. Dezember 2006

NIHE (2005) Home Energy Conservation Report 2005. North-
ern Ireland Housing Executive, Belfast

Pett J & Guertler P(2005) Th e programme should work, but 
will the stakeholders deliver? Proceedings of the 2005 
eceee Summer Study, May 30 - June 3, Mandelieu, France; 
eceee, Stockholm

Pett, J; Guertler, P; Smith, W & Wu, A (2006) A Framework 
for Energy Effi  ciency Delivery (in Northern Ireland) ACE 
report for DETI

RCEP (2004) Biomass as a Renewable Energy Source. Royal 
Commission on Environmental Pollution, London

Smith, W; Wu, A & Pett, J (2005): Rising Fuel Prices, Summary 
Report. ACE, London

Stern, Sir N (2006) Stern Review: the economics of climate 
change. Cambridge University Press, Cambridge, UK

Resch G., T. Faber, R. Haas, C. Huber (2004): “Experience 
curves vs dynamic cost-resource curves and their impact 
on the assessment of the future development of renewa-
bles”, Energy & Environment, Volume 15, Issue 2, p. 116-
126, 2004

Stadler M., Kranzl L., Huber C., Haas R., and Tsioliaridou E. 
(2007): „Policy Strategies and Paths to promote Sustain-
able Energy Systems - Th e dynamic Invert Simulation 
Tool”, January 2007, Energy Policy, Volume 35, Issue 1, 
page 597 – 608, ISSN 0301-4215.

Stadler M., Kranzl L. and Huber C., (2005). Th e INVERT 
Simulation Tool, User Manual – Description of the Model. 
Final Version 2.0.5, Working Paper of Phase 5 of the 
project INVERT, Altener Programme of the European 
Commission, DG TREN.

Torekov, M. S., Bahnsen N., Ovale B. (2007): “Th e relative 
competitive positions of the alternative means for domes-
tic heating” Energy 32, pp 627-632;

Endnotes 
i See also www.invert.at
ii As ambitious DSM policy in Luxembourg a range of 30 up 
to 75 €/m2 subsidy was introduced, depending on the level of 
energy effi  ciency standard that can be achieved by the insula-
tion measure. 
iii Solid fuel boilers provide the technology to use coal or wood 
logs, but coal is the most available solid fuel in Northern Ire-
land



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


