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1. Introduction 
The main objective of the project “Integrating policy instruments into the TIMES Model” 

consists in developing modelling strategies for the explicit representation of different types of 

policy instruments in energy system models. After discussing in detail the various issues aris-

ing when modelling support systems for renewable electricity as well as emission trading 

schemes in the previous reports, two instrument categories still need to be covered: regulatory 

instruments and financial incentive measures. Command-and-control instruments have for a 

long time played a dominant role in environmental policy and are still applied today in vari-

ous sectors and for a variety of purposes. Financial incentives are usually implemented as 

complementary measures to reduce investment barriers or to facilitate the market introduction 

of new and innovative technologies. They can be provided in various forms, most importantly 

investment grants, soft loans and tax reliefs. 

For the project at hand, it has been decided to draw upon application examples from the 

buildings sector to exemplify modelling approaches for both types of instruments. The build-

ings sector is responsible for almost 40 % of the EU's total energy consumption and for about 

a third of CO2 emissions. In this sector, mandatory requirements are generally set for new and 

refurbished buildings, while voluntary measures that go beyond these obligations are often 

supported by subsidy schemes. Moreover, the common legal framework on climate policy 

instruments in the buildings sector that has been established in the EU makes it easier to 

transfer the German experience, which as usual is used as a case study in this report, to other 

national situations.   

After describing the European policy framework and the specific policy instruments in Ger-

many in Chapter 2, different modelling techniques for regulatory instruments in the buildings 

sector will be presented in Chapter 3. Using the example of mandatory efficiency standards 

specified in the German Energy Saving Ordinance, it will be pointed out that in many cases 

the best way to include regulatory obligations is to account for them in the exogenous scenar-

io assumptions. If, however, the instrument is designed in a more flexible manner leaving the 

affected investor a variety of options to fulfil the requirements, this flexibility needs to be 

reflected in the modelling approach. This will be illustrated for the case of the German Re-

newable Energies Heat Act prescribing minimum renewable shares for heating and cooling. 

Representing the effect of financial incentive measures in quantitative energy models is com-

paratively complex as in this case greater uncertainties have to be taken into account. The 

acceptance and utilization of financial support schemes does, especially in the demand sec-

tors, not only depend on cost parameters, but is also determined by a large variety of factors 

describing consumer behaviour. In Chapter 4, simple modelling approaches for two typical 

types of financial incentive measures - investment grants and soft loans, will be presented. In 

general, it will be shown that the right balance between fixing assumptions exogenously and 

relying on the optimization calculus needs to be found.  
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2. Basis for the case study: policy measures in the buildings sector in Ger-

many 

2.1. The European policy framework 

When analysing national instruments of energy and climate policy in Europe, EU legislation 

needs to be taken into account as it provides a harmonized policy framework and influences 

and induces measures on the national level. The various EU directives targeted at the build-

ings sector also make it easier to compare national policy instruments in that area and to 

transfer modelling approaches from one country to another. The following outline concen-

trates on the two focal issues of energy efficiency and the use of renewable energies. 

Energy efficiency   

In 2002, the European Commission has created the legal basis for improving energy efficien-

cy in the buildings sector by means of Directive 2002/91/EC, the Energy Performance of 

Buildings Directive (EPBD, cf. EC 2002). It is centered on the following four key compo-

nents: 

 It provides a general framework for a harmonized methodology for calculating the inte-

grated energy performance of buildings which each member state is to apply at national 

level.  

 Each member country is required to introduce minimum standards on the energy effi-

ciency of new buildings and existing ones (with a total useful floor area over 1000 m2) 

that undergo major renovation1. However, the directive does not prescribe any minimum 

requirements on the strictness of these standards.  

 For buildings that are newly constructed, sold or let an Energy Performance Certificate 

(EPC) needs to be made available as guidance to potential buyers or tenants.  

 Furthermore, national regulations are to be implemented that ensure the periodic inspec-

tion of boilers and of air-conditioning systems. 

With the aim to further strengthen the efforts to improve the energy performance of build-

ings, a revision of the EPBD has been effectuated in 2010 (cf. EC 2010). In addition to the 

stipulations already made 2002, it has been determined that member states are to develop 

national plans to increase the number of “nearly zero-energy buildings” and to ensure that by 

the end of 2020 all new buildings belong to that category. Apart from that, stronger emphasis 

is put on financial support mechanisms for building such that each member state is required 

to present an updated list of all support schemes every three years to the Commission which 

examines their effectiveness and offers recommendations. In addition, a methodology for 

calculating cost-optimal levels of minimum energy performance requirements has been de-

veloped (cf. EC 2012) which should be used as guidance when establishing the national 

                                                 
1  Major renovations are defined as those where the total cost of renovation is more than 25 % of the value of 

the building or where more than 25 % of the building shell is subject to renovation.  
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standards. It has to be noted that all provisions of the EPBD apply both to residential and 

non-residential buildings.  

The translation of the EPBD into national law presented a substantial challenge to most of the 

member countries. Various studies (cf. Papadopoulou et al. 2009, Spiekman 2010, Loga et al. 

2008) show that the EPBD has influenced the national building legislation in Europe signifi-

cantly. Many countries already had some sort of energy-related requirements implemented in 

their building regulations, but in hardly any country an integrated concept to assess the ener-

gy performance of the entire building existed. The introduction of Energy Performance Cer-

tificates also proved to be a novelty in most countries. By now, every member state has put 

some minimum energy efficiency standards for new and renovated buildings in place - how-

ever, extensive differences regarding the level of ambition of these requirements can be ob-

served (cf. for example Spiekman und Klerks 2010).   

Renewable energies 

Apart from increasing energy efficiency, the Energy Performance of Buildings Directive 

highlights the use of renewable energies as one of the major strategies to reduce CO2 emis-

sions in the buildings sector. That is why in the methodology for calculating the integrated 

energy performance of buildings the positive influence of heating and electricity systems 

based on renewable energy sources is to be taken into account. Moreover, in the case of new 

buildings a feasibility study on the use of renewable energy supply systems is mandatory. In 

the definition of the “nearly zero-energy building” it is specified that the energy supply still 

required should originate to “a very significant extent” (cf. Article 2 of Directive 

2010/31/EU, EC 2010) from renewable sources. Beyond that, no further requirements on the 

use of renewable energies in the buildings sector are laid down in the EPBD.  

However, additional obligations have been specified in the directive on the promotion of the 

use of energy from renewable sources (Directive 2009/28/EC, cf. EC 2009). By the end of 

2014, national building regulations are to contain, as far as appropriate, requirements on the 

minimum use of renewable energies in new and existing buildings that are subject to major 

renovations. In order to reach the overall goal of a renewable share of 20 % in gross final 

energy consumption by 2020, member states have compiled national action plans on the ex-

pansion of renewable energy sources that define overall target values and specific ones for 

the areas electricity, heating/cooling as well as mobility for 2020. Figure 2-1 gives an over-

view on the renewable shares in gross final energy consumption for heating and cooling in 

2005 and the national targets for 2020. It becomes apparent that there is an immense variation 

in the intended levels for 2020 ranging from less than 9 % in Luxembourg and the Nether-

lands to 62 % in Sweden. The most significant expansion rates are planned in Great Britain, 

albeit from the lowest comparative level in 2005 of less than 1 %.    
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Figure 2-1: Renewable share in gross final energy consumption for heating and cooling in 2005 

and targets for 2020 according to the national renewable energy action plans in the 
EU-272 

Across Europe, a variety of instruments has been introduced in recent years to support the 

expansion of renewable energies in the buildings sector. The number of countries that have 

implemented regulatory measures, i.e. in the form of mandatory standards on the minimum 

level of renewable sources used for heating and cooling, is rising. In many South European 

countries these requirements are usually limited to the installation of solar panels for hot wa-

ter supply (for example Italy (cf. Zinzi et al. 2009), Spain (cf. Gobierno de España 2009) or 

Portugal (cf. Abreu und Oliveira 2008)) whereas in other countries, like Germany, Norway 

(cf. Schild 2010), Switzerland (cf. EnDK 2008) or Ireland (cf. Government of Ireland 2008), 

more comprehensive provisions where the investor can choose between different types of 

renewable energies have been established.  

Apart from regulatory instruments, in most of the EU member states financial incentive 

measures are provided to encourage the use of renewable energies for heating and cooling. 

While mandatory provisions generally only apply to new buildings and existing ones under-

going major renovation, subsidy schemes are usually targeted at voluntary measures in exist-

ing buildings for which no obligatory standards have been specified. A differentiation can be 

made between investment grants funding energy consultancy services, feasibility studies or 

the installation itself, tax incentives in the form of a reduced value added tax, tax credits or 

special depreciation schemes as well as low-interest loans.  

                                                 
2  Cf. the national renewable energy action plans on http://ec.europa.eu/energy/renewables/action_plan_en.htm 
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2.2. Regulatory measures for energy savings in the buildings sector in Germany 

In Germany, minimum requirements with respect to the insulation level and heating technol-

ogy in buildings are laid down in the Energy Saving Ordinance (Energieeinsparverordnung, 

EnEV). Its first version entered into force in 2002 superseding the Thermal Insulation Ordi-

nance (effective since 1979) and the Heating System Ordinance (effective since 1989). The 

Energy Saving Ordinance was last revised in 2009 (EnEV 2009, cf. Bundesgesetzblatt 2009) 

further tightening the standards on the permitted annual primary energy demand of buildings 

to a considerable extent.   

The requirements of the EnEV consider both the structural heat insulation of the building 

envelope and the efficiency of the systems engineering (heating system, lighting, cooling, 

etc.). In addition, with the help of the primary energy factor, the utilized energy carrier and 

the associated CO2 emissions are taken into account. Two methods are available to assess 

whether the EnEV standards are complied with which are used both for new and existing 

buildings undergoing major renovation. Based on the reference building method (cf. DIN V 

18599) the primary energy demand of the planned building is calculated. Certification is pro-

vided if this demand is lower than the maximum permissible value of a reference building 

which is similar in terms of geometry, net floor space, orientation and utilization. In the case 

of residential buildings, the building component method (based on DIN V 4108-6 and DIN V 

4701-10) can be applied alternatively which defines minimum standards for individual com-

ponents. Table 2-1 shows the requirements of EnEV 2009 for the components of the building 

envelope, specified as maximum values of the heat transfer coefficient.     

Table 2-1: Maximum values for the heat transfer coefficient according to EnEV 2009 (own illus-
tration based on Bundesgesetzblatt 2009)  

Heat transfer           
coefficient U  
[W/(m2K)] 

New buildings     
(room tempera-

ture ≥ 19 °C) 

Existing buildings 
(room tempera-

ture ≥ 19 °C) 

Non-residential buil-
dings (room tempera-

ture 12 to < 19 °C) 

Exterior walls 0.28 0.24a) 0.35a) 

Windows 
(glazing+frame) 

1.30 1.30b) 1.90c) 

Roof / ceilings 0.20 0.24d) 0.35d) 

Cellar ceilings / ceil-
ings adjacent to un-
heated rooms or soil 

0.35 0.30e) 0.35 / no requirements 

a)  For existing buildings: exterior walls, replaced or retrofitted; renovation of exterior rendering with 
U>0.9 W/(m²K); attachment of panels, casing, masonry facing formwork, external insulation. 

b)  External windows and French doors, replaced or retrofitted; for glazing U=1.10 W/(m²K) applies, for roof 
windows U=1.40 W/(m²K).  

c)  External windows and French doors, replaced or retrofitted; no requirements in the case of glazing. 
d)  For existing buildings: ceilings, roofs and pitched roof areas, ceilings beneath undeveloped attic space re-

placed or retrofitted; for flat roofs U=0.20 W/(m²K) applies (in the case of room temperature ≥ 19 °C). 
e)  Walls and ceilings adjacent to unheated rooms or soil; replacement or retrofit of external insulation, casing, 

moisture barriers or drainages; attachment of ceiling coverings on the cold side; for floor constructions 
U=0.50 W/(m²K) applies. 
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The process for the next revision of the Energy Saving Ordinance has already been initiated 

and is planned to enter into force in 2014 (cf. BMWi 2013). The minimum standards for the 

annual primary energy consumption of new buildings will be further tightened in two steps, 

each of 12.5 %, in 2014 and 2016, while no significant changes are implemented for existing 

buildings subject to major renovations. Moreover, the obligations regarding the Energy Per-

formance Certificate are reinforced.  

2.3. Regulatory measures for renewable energies in the buildings sector in Germany 

With the Renewable Energies Heat Act (Erneuerbare-Energien-Wärmegesetz (EEWärmeG), 

cf. Bundesgesetzblatt 2008) a regulatory instrument to increase the use of renewable energies 

in the buildings sector has been introduced in Germany. It came into effect on the 1st of Janu-

ary 2009 and applies to all new residential and non-residential buildings for which a building 

application or construction notification was filed after this date.  

The act obliges owners of new buildings to cover a certain part of their heat (and cold) de-

mand through renewable energies. However, no limitations are made regarding the type of 

renewable source employed such that each investor can choose the most cost efficient meas-

ure for his specific case. Dependent on the type of energy, minimum shares in total energy 

demand for heating and cooling (according to DIN V 4701-10) are defined:  

 15 % in the case of solar radiation, 

 30 % in the case of biogas in CHP installations, 

 50 % in the case of liquid and solid biomass,  

 50 % in the case of geothermal energy and ambient heat. 

In addition, a number of alternative measures are granted which can be chosen in place of 

renewable sources:  

 Covering at least 50 % of total heat and cold demand from installations for the use of 

waste heat or from high-efficiency CHP installations, 

 Realizing additional energy savings measures that go beyond the minimum requirements 

of the Energy Saving Ordinance (in the version applicable at the time) by at least 15 %, 

 Covering total heat and cold demand from district heat (or cold), provided that a “sub-

stantial share” originates from renewable energies, or at least 50 % originate from the use 

of waste heat, CHP installations or a combination of the just mentioned. 

The obligations on the use of renewable energies and the alternative measures can be com-

bined with one another in any way possible. In 2011, the Renewable Energies Heat Act has 

been amended with the major change consisting in the extension of the requirements to exist-

ing public buildings undergoing major renovation3. On federal level, so far no obligations are 

imposed on the remaining housing stock. However, the federal states are free to implement 

additional provisions, as has been the case in Baden-Württemberg (cf. Landtag BW 2007). 
                                                 
3  In this context, major renovations are defined as any measure by which the boiler or heating system is re-

placed or more than 20 % of the building envelope is renovated.  
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2.4. Financial incentives for energy savings in the buildings sector in Germany 

For several years now, energy savings measures in the buildings sector have been promoted 

by means of low-interest loans (complemented in some cases by investment or redemption 

grants) financed by federal funds and administered by the KfW banking group (Kreditanstalt 

für Wiederaufbau). In the following, the two most important programmes are outlined - En-

ergy Efficient Renovation (“Energieeffizient Sanieren”) and Energy Efficient Construction 

(“Energieeffizient Bauen”). In general, support is only granted for measures that go beyond 

the minimum requirements of the Energy Saving Ordinance.  

The programme Energy Efficient Renovation (cf. KfW 2013a) is based on previous pro-

grammes with similar focus that have been in place since 2001 and supports energy efficient 

refurbishment measures in existing residential or non-residential buildings. Soft loans can be 

used either for specific measures (e.g. insulating walls or ceilings, replacing windows, replac-

ing boilers, etc.) or a complete renovation reaching the standards of the different types of 

“Energy-efficient buildings” defined in the Energy Saving Ordinance. In the first case, loans 

of up to 50,000 € are provided, while in the second case a loan volume of up to 75,000 € is 

combined with redemption grants of up to 17.5 %, depending on the energy efficiency stand-

ard. The loan may cover the actual investment costs as well as costs for energy consultancy 

services and planning. The programme covers all buildings with a building application issued 

prior to 1995 and is available for investors in energy savings measures as well as first buyers 

of newly refurbished flats or houses. The effective interest rate is currently set at 1 % p.a. (cf. 

KfW 2013e). As an alternative to a soft loan, private investors can apply for investment 

grants of up to 5,000 € in the case of specific measures and up to 18,750 € in the case of a 

complete renovation (cf. KfW 2013b). 

From 2001 to 2010, a total of 1.3 million flats have been renovated under the Energy Efficient 

Renovation programme and its predecessors providing about 28.5 billion € in loans and 

grants with 7.2 billion € of federal funds (cf. Table 2-2). For the period from 2012 to 2014, 

the maximum federal funds available have been raised to 1.5 billion € per year, compared to 

936 million € in 2011 (cf. BMU 2011).  

Table 2-2: Key parameters for the KfW loan programme Energy Efficient Renovation and its 
predecessors (based on UBA 2013) 

 2001 2005 2008 2009 2010 
2001-
2010 

Federal funds M € 200  287  1128  1702  1127  7241  

Credit volume M € 507  2312  3850  5670  4945  28180 

Grants M € - - 27  99  147  288  

Renovated dwellings thou. 31.5  69.9 134.3 310.1  343.5  1329  

Renovated dwelling area M m2 2.6  6.4 11.6  27.6  29.4  112  
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As far as new buildings are concerned, financial incentives are provided through the KfW 

loan programme Energy Efficient Construction (cf. KfW 2013c) for highly energy efficient 

buildings. Low-interest loans of up to 50,000 € are available which can be complemented by 

redemption grants of up to 10 % in the case of more ambitious efficiency standards. At pre-

sent, the effective interest rate amounts to 1.41 % per year.  

From 2005 to 2011, about 400,000 energy efficient buildings have been built under this loan 

programme. In 2011, more than half of all newly built dwellings have received KfW loans 

with a total credit volume of 3.6 billion € (cf. UBA 2013).   

2.5. Financial incentives for renewable energies in the buildings sector in Germany 

With the aim to stimulate the market for renewable heating technologies, a financial incentive 

programme, open both for residential and non-residential buildings, has been introduced in 

1999, the so called Market Incentive Programme (Marktanreizprogramm, MAP). The funding 

conditions have undergone several changes over the years, the most important being the limi-

tation of most of the financial support to existing buildings that do not have to meet any obli-

gations under the Renewable Energies Heat Act in 2010.  

The programme consists of two lines: 

 Investment grants for smaller installations, organized by the Federal Office of Economics 

and Export Control (BAFA) 

 Low-interest loans and redemption grants for larger installations or infrastructures 

through the KfW banking group 

The first part covers solar thermal installations and biomass heating systems with a rated heat 

output capacity of up to 100 kW as well as heat pumps for single- and multi-family houses, 

commercial and public buildings. An overview on the grant levels as of August 2012 is pre-

sented in Table 2-3. In addition, a number of bonus payments are available (cf. BAFA 2012).   

Under the second programme line, the following larger installations for renewable heat gen-

eration are supported through soft loans and, in some cases, redemption grants (cf. KfW 

2013d): 

 Construction and expansion of solar thermal installations (gross collector area ≥ 40 m2) 

 Installations for the combustion of solid biomass for thermal use as well as biomass CHP 

plants (heat led) with a rated heat output capacity of more than 100 kW (and less than 

2 MW in the second case) 

 Efficient heat pumps with a rated heat output capacity of more than 100 kW 

 Installations for the exploitation of deep geothermal energy (drilling depth ≥ 400 m) 

 Large heat storage systems (≥ 10 m3) which are fed to a substantial degree from renewa-

ble energy sources 

 Local heat grids which are fed to a substantial degree from renewable energy sources 

 Biogas pipelines for unprocessed biogas for usage in a CHP plant or as fuel 
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The loan may cover up to 100 % of total eligible net investment costs, but not more than 

10 million €. At present, effective interest rates range between 1.15 and 6.45 % (cf. KfW 

2013e). 

Table 2-3: Current investment grants under the Market Incentive Programme, Line 1 (based on 
BAFA 2012) 

Heating technology Subsidy level 

Solar thermal installations 

≤ 40 m2 gross collector area 1500 - 3600 € 

20 - 100 m2  gross collector area in multi-family houses and 
large non-residential buildings (also existing ones) 

3600 - 18000 € 

≤ 1000 m2 gross collector area for the generation of process 
heat  

Up to 50 % of               
net investment cost 

Biomass heating systems 

Pellet stove with water jacket 1400 - 3600 € 

Pellet boiler 2400 - 3600 € 

Pellet boiler with buffer storage (≥ 30 l/kW) 2900 - 3600 € 

Wood chip boiler with buffer storage 1400 € 

Firewood gasification boiler with buffer storage 1400 € 

Heat pumps 

Brine/water and water/water heat pump 2800 - 11800 € 

Brine/water and water/water heat pump with buffer storage 3300 - 12300 € 

Air/water heat pump 1300 - 1600 € 

Air/water heat pump with buffer storage 1800 - 2100 € 
 

Table 2-4 shows how the funding and investment volumes of projects funded under the Mar-

ket Incentive Programme have developed in recent years. In terms of investment grants for 

smaller installations (programme line 1), 2009 presented a record year. Afterwards, the fund-

ing volume dropped considerably due to the fact that installations in new buildings were no 

longer supported. The loan volume under programme line 2 has risen constantly until 2011.  

Table 2-4: Funding and investment volume under the Market Incentive Programme (based on 
Langniß et al. 2010, Langniß et al. 2011, BMU 2012a, BMU 2012b) 

Mio. € 2009 2010 2011 2012 

Programme line 1 (BAFA) 

Sum of investment grants 374 235 112 144 

Induced investment volume 2746 1808 804 963 

Programme line 2 (KfW) 

Loan volume 298 329 503 365 

Sum of redemption grants 90 100 168 113 
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3. Modelling of regulatory instruments in the buildings sector 

3.1. Modelling of efficiency standards - the example of the Energy Saving Ordinance 

In order to reduce the heating demand in the buildings sector, efficiency standards, normally 

applying to new buildings and existing ones subject to major renovation, have been incorpo-

rated into national building regulations over the past few decades. Based on the example of 

the German Energy Saving Ordinance (EnEV) it will be shown that in this case the simplest 

and most efficient way of accounting for this instrument in an energy system model is to in-

tegrate its impacts in the exogenously set heating demand.  

When the objective consists in assessing the impact of mandatory efficiency standards in the 

buildings sector, it is necessary to analyse in a first step the characteristics of the housing 

stock as well as the expected construction activity of new buildings itself. In this process, a 

building typology is developed. Here, the buildings are classified by building types (multi-

family houses, terraced houses, detached houses, etc.) and time of construction. Buildings 

belonging to a certain age category are usually comparable in terms of building materials, 

design of the building envelope, dimensioning of the building elements, etc. and exhibit 

therefore also similar specific heating demands. For example, in Germany a clear differentia-

tion can be made between buildings built before 1979 - when the first Thermal Insulation 

Ordinance entered into force - and after. In addition, regional differences should be taken into 

account, as, for example, the clearly divergent characteristics of the housing stock in Western 

and Eastern Germany. On this basis, a representative building is assigned to each building 

type for which the specific space heating demand is calculated per square metre of usable 

living space. In addition, the heating requirement for hot water needs to be considered, which 

mainly depends on the number of persons living in a household.  

Furthermore, in the case of existing buildings being refurbished the impact of minimum re-

quirements on energy efficiency strongly depends on the annual refurbishment rate. In Ger-

many, it currently amounts to about 1.1 % per year, while for the future the German Energy 

Concept aims at a rate of 2 % p.a. The refurbishment rate could be determined endogenously 

within the energy system model by integrating different types of renovation measures into the 

model. However, it has to be kept in mind that the number of buildings renovated each year is 

influenced by a variety of factors and is subject to significant investment barriers. Conse-

quently, an endogenous optimization of the refurbishment rate is likely to result in a consid-

erable overestimation of the actual renovation activity. That is why, in the scope of this anal-

ysis, it is recommended to set the refurbishment rate exogenously, based on the historical 

development. In addition, a sensitivity analysis with varying rates can be conducted.     

The next step consists then of integrating the efficiency standards of the Energy Saving Ordi-

nance into the model. This can be done by directly incorporating the minimum obligations 

into the heating demand projections of the different building types (expressed as specific 

heating requirement per unit of building volume or area to be heated). In doing so, it needs to 
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be taken into account that the requirements specified in the Ordinance can be expected to be 

tightened periodically. As an example, projections for the minimum efficiency standards for 

residential buildings, expressed as maximum values for the heat transfer coefficient of indi-

vidual building components, are presented in Table 3-1. 

Table 3-1:  Projections for the minimum efficiency standards for residential buildings specified in 
the German Energy Saving Ordinance (EnEV) 

Heat transfer           
coefficient U  
[W/(m2K)] 

EnEV  
2007 

EnEV  
2009 

EnEV 
2014/16 

EnEV 
2020 

Projection 
to 2050 

Exterior walls 0.35/0.45 0.28 0.24 0.14 0.10 

Windows 
(glazing+frame) 

1.70 1.30  0.80     0.70  0.50 

Roof / ceilings 0.30 0.24 0.15 0.13 0.10 

Cellar ceilings / ceil-
ings adjacent to un-
heated rooms or soil 

0.40 0.35 0.20 0.16 0.16 

Thus, in the case of mandatory efficiency standards in the buildings sector the most conven-

ient method of integrating them into the model is to take them into consideration when fixing 

the exogenous heat demand projections. It would be much more complex to integrate all nec-

essary refurbishment measures (for the case of renovated existing buildings) with additional 

processes into the model and at the same time no further information would arise from this 

procedure. Adjustments in the refurbishment rate or the new construction activity can be ac-

counted for in a scenario variation.  

However, one drawback of this simple approach needs to be mentioned at this point. When 

the obligatory efficiency standards are incorporated in the exogenous demand projections, the 

costs that are induced by this command-and-control policy are not included in the model and 

therefore not reflected in energy system costs. At the same time, the cost savings generated 

by the higher energy efficiency are considered in the model. An easy way to address this is-

sue would be to add these extra costs, which can be calculated by comparing the efficiency 

level and the associated investments with and without the mandatory efficiency standards in 

place, exogenously after the model calculations to the results on total energy system costs.  

Alternatively, a relatively complex method with which all efficiency measures are represent-

ed endogenously within the model can be applied. In this case, the heating demand projec-

tions for the different building types would reflect the development of the efficiency level 

that would arise if the Energy Saving Ordinance or any other mandatory standards were not 

implemented. All the efficiency measures that can be applied to fulfil the minimum require-

ments both in existing buildings undergoing major renovations and new ones are then insert-

ed into the model with the help of saving processes which are explained and exemplified in 

greater detail in Chapter 4.2. These processes contain the energy savings which can be 
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achieved with the various efficiency measures and also the associated costs such that they are 

directly included in total energy system costs. In order to reflect the impact of the obligatory 

efficiency standards, the use of these saving processes would have to be forced into the model 

with the help of lower bounds or user constraints. This approach improves the transparency 

of the modelling of mandatory efficiency requirements in the buildings sector and also makes 

sure that all additional costs are covered in the model and no cost terms have to be added ex-

ogenously after the model calculations. At the same time, this method strongly increases the 

complexity of the modelling approach for such efficiency standards.        

3.2. Modelling of minimum requirements for renewable energies - the example of the 

Renewable Energies Heat Act 

As outlined in Chapter 2.1, apart from mandatory efficiency standards minimum require-

ments for the use of renewable heating technologies gain in importance across Europe. How 

such regulations can be depicted in a realistic manner in energy system modelling will be 

outlined in the following using the example of the German Renewable Energies Heat Act.  

Generally, as it was the case for efficiency standards, the representation of regulatory re-

quirements for renewable heat in the buildings sector in an energy system model is relatively 

straightforward and can be achieved with the help of fixing lower bounds or user constraints. 

Looking at the Renewable Energies Heat Act or other comparable instruments in Europe, it 

becomes, however, obvious that modelling real-life implementations of such instruments can 

become much more complex. The German Renewable Energies Heat Act offers affected in-

vestors in new buildings a large variety of choices to fulfil the requirements - covering both a 

number of renewable heating technologies and some alternative measures. This flexibility 

needs to be accounted for in the model.  

In principle, two options to integrate these choices in the modelling approach can be differen-

tiated. First of all, one might determine the future shares of the different heating technologies 

and alternative measures in new buildings exogenously and then introduce them into the 

model in a fixed manner. This procedure is currently applied in a number of simulation mod-

els (cf. BMU 2012c, Nast et al. 2009). In an optimization model like TIMES, the other ex-

treme would be to leave the technology choice completely to the optimization calculus. This 

would, however, mean that the alternatives are chosen only based on the criteria of cost min-

imization most probably resulting in a concentration on only one heating technology type per 

building category. Yet, in reality, technology choice is dependent on a large variety of deter-

minants, like consumer preferences, level of information, specific characteristics of the build-

ing or location, etc. All these factors cannot be represented in the necessary level of detail in 

a comprehensive model like TIMES. In order to avoid unrealistic outcomes while at the same 

time maintaining a certain level of flexibility in the model, an approach balancing both ex-

tremes (completely exogenously vs. completely endogenously) is proposed in the scope of 

this analysis.     
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In order to model instruments like the Renewable Energies Heat Act, in the first step one has 

to make sure that all technology options and alternative measures are available in the model. 

Furthermore, housing categories should be present in the model for all new buildings types 

constructed from the model period in which the regulation was implemented onwards. The 

minimum obligations for the use of renewable heat can then be easily introduced in the model 

by only providing the options covered by the Renewable Energies Heat Act to those building 

categories. At the same time, it has to be ensured, that all realistic options to combine the 

requirements from the Act with conventional heating technologies are available in the model, 

as the mandatory minimum renewable shares do not go up to 100 %. This may lead to a rela-

tively complex model structure, depending on the number of building categories included.  

In a next step, some additional restrictions must be put on the model in order to avoid that 

only one renewable heating technology is installed per housing category. This can be realized 

by means of fixing upper and lower market shares for each technology option. It this way, it 

can be guaranteed both that the modelling results stay in a realistic range and that the model 

has enough scope and flexibility to react to changes in the scenario assumptions. The specifi-

cation of the market shares should be based on a broad literature research, including both past 

developments and expected future changes in the building characteristics, the heating re-

quirements, technology cost, etc.   

This modelling approach can easily be adapted to changes in the regulatory requirements, 

like, for example for the case that the minimum shares for renewable heat are increased or 

that the requirements are extended to existing buildings in which the heating system is re-

placed.  

 



4. Modelling of financial incentive measures in the buildings sector 
 

 

14

4. Modelling of financial incentive measures in the buildings sector 

4.1. Modelling of investment grants - the example of the Market Incentive Programme 

The provision of investment grants can play an essential role in fostering the market introduc-

tion of new technologies and in reducing investment barriers. For the case study at hand, the 

German Market Incentive Programme (Line 1), offering subsidies for renewable heating 

technologies, is used to outline two different approaches, varying in complexity, for the mod-

elling of investment grant schemes in energy system models.  

The first approach is comparatively simple and has already been applied in some energy sys-

tem analyses (cf. for example UBA 2013). It is based on exogenously estimating the future 

effects of the grant programme and then integrating these impacts with the help of user con-

straints into the model. For governmental support programmes, historical data from previous 

funding years is usually available at a very detailed level. For example, for the Market Incen-

tive Programme, data on the sum of approved investment grants and the induced investment 

volume by heating technology and building category are published on a regular basis (cf. for 

example Langniß et al. 2011). This information can then be used to deduce future trends in 

the utilization and effects of the support scheme. It can be assumed, for example, that the 

future grant volume will remain at the level of previous years and that the distribution across 

technologies will also remain unchanged. In addition, expected changes in the investment 

cost structure for renewable heating systems can be taken into account when defining the 

shares of different technologies in the funding. Apart from that, it should be considered that 

the requirements for participating in the grant programme might be gradually tightened over 

time, specifying, for example, higher efficiency standards for heating systems based on bio-

mass.  

The thus determined investment volumes can then be introduced into the model with the help 

of user constraints or lower bounds on the new investments in these technologies in each 

modelling year. The reduced costs due to the governmental funding can also be integrated 

into the model simply by using lower specific investment cost (actual investment costs minus 

the grant payment) for these processes. At the same time, it has to be kept in mind that this 

will result in a reduction of total energy system cost such that the programme cost (including 

administrative cost) would have to be stated separately and added to the model calculations 

on total energy system costs when evaluating the policy’s impact. 

As an alternative, a second modelling approach can be used which tries to assess the impact 

of such a grant programme in an endogenous manner and is therefore more complex. Here, 

the investment subsidy is directly integrated into the model with the help of the TIMES pa-

rameters available to represent subsidies. One way of achieving this is to introduce an addi-

tional process subsequent to the process representing the renewable heating technology (for 

existing buildings) (cf. Figure 4-1). This virtual process contains the investment grant (mod-
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elled with the parameter NCAP_ISUB which establishes a subsidy payment per unit of newly 

installed capacity). For the availability factor and the technical lifetime the same assumptions 

are used as for the actual heating process. The reason why an additional process is added in-

stead of directly putting the subsidy parameter on the renewable heating process is to give 

more flexibility to the modelling structure. In this way, the renewable heating technology can 

be installed both with and without the investment grant. This is particularly relevant for the 

case that the total budget of the grant programme is depleted. Alternatively, all renewable 

heating technologies in the housing stock that are covered by the support scheme could be 

modelled twice - once with the investment grant and once without. This modelling approach 

leaves the decision whether, to what extent and for which technologies the investment grants 

are used to the optimization calculus of the model.  

 
Figure 4-1:  Modelling approach for investment grant programmes for renewable heating technol-

ogies in TIMES 

Apart from integrating the investment grants into the model, it has to be kept in mind that the 

budget for this type of support programmes is usually limited and this cap needs to be ad-

hered to in all modelling periods. There exist several possible ways of cost bounding in 

TIMES (cf. Lehtilä 2007). For the problem at hand, the utilization of a user constraint seems 

to be the most suitable option. In that way, either the total investment volume (using 

UC_NCAP) or directly the total grant budget (using in addition UC_ATTR) can be bounded 

without giving specific limitations for the different technologies.  

Moreover, it has to be pointed out that when using the subsidy parameters in TIMES the 

origin of these funds is assumed to lie outside of the energy system. Thus, all subsidies enter 

the objective function with a negative sign, i.e. actually reduce energy system costs. There-

fore, as it was the case for the first modelling approach, all programme costs need to be taken 

into account additionally when evaluating the cost efficiency of the support scheme.  

4.2. Modelling of soft loans - the example of the KfW programmes 

Subsidised loans with low interest rates are usually used to overcome financial barriers with 

respect to investments that are beneficial from a macroeconomic point of view. To illustrate 
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how such loan programmes can be depicted in the scope of an energy system analysis, the 

current soft loan schemes provided through the KfW banking group for energy savings 

measures in the buildings sector that go beyond the minimum legal requirements are taken as 

an example.  

When the aim is to model such programmes in an explicit manner, in a first step one has to 

make sure that all energy savings measures covered by the scheme are represented in the 

model. It has been shown in Chapter 3.1 that legally binding efficiency standards can be di-

rectly accounted for in the exogenously set demand projections without having to model the 

actual saving measures. For all additional measures that are realized on a voluntary basis, the 

explicit representation within the model is necessary. This can be done with the help of so-

called saving processes, which are illustrated in a simplified manner in Figure 4-2. These 

processes are inserted into the model after the heat generation processes and can represent 

either specific saving measures (e.g. the replacement of windows) or a complete renovation - 

both for refurbishments in existing buildings and for investments in new buildings that go 

beyond the required minimum standards. They contain the average investment costs of such 

measures, while the actual energy saving is captured by applying a process efficiency (repre-

sented by FLO_FUNC) of greater than one. The technical lifetime of such a process should 

be the same as the average period of use of the respective building type.  

 
Figure 4-2:  Modelling approach to represent energy savings measures with the help of saving 

processes in TIMES 

At this point it needs to be pointed out that when using saving processes, the relationship be-

tween such processes and the elastic demand feature in TIMES should be taken into consid-

eration. Own-price elasticities on the demand for space heating are often fixed at a level as to 

comprise such voluntary energy savings measures induced by price changes. So, by introduc-

ing both saving processes and elastic demands in the model the effect of potential energy 

savings measures could be overstated. In order to avoid this, price elasticity values should be 
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clearly reduced to a level where they only comprise adjustments in the heating demand due to 

reduced comfort requirements (which can be assumed to be comparatively small) when in-

serting saving processes to represent energy savings measures into the model.  

As an alternative, the heating demand could also be quantified in terms of “building volume 

(or area) to be heated”, instead of directly specifying the heating demand per unit of building 

area or volume. In that case, efficiency measures could then be inserted in the model after the 

actual heating generation technologies as processes reducing the specific heating requirement 

per unit of building area or volume.  

Moreover, it has been observed that the level of thermal insulation a building has often influ-

ences the choice of heating system. So, in addition to the regular heating systems a second set 

of processes could be added that represent both the heating boiler and the improved level of 

thermal insulation (expressed by a higher process efficiency) and contains all associated 

costs. However, it has to be taken into consideration that this can quickly lead to a highly 

complex modelling structure as a large variety of combinations between heating system and 

efficiency measure needs to be taken into account if the same flexibility as in the case with 

saving processes is to be achieved. Furthermore, with the help of saving processes a more 

transparent model structure can be achieved.  

After having integrated all potential energy savings measures for the different building cate-

gories, two different modelling approaches for introducing soft loan programmes into the 

model can be differentiated - analogous to the procedure applied for investment grant 

schemes.    

One possibility would be to estimate the impacts of such schemes exogenously and then in-

sert them into the model in a fixed manner (cf. for example UBA 2013). The future trends 

can be assessed on the basis of historical data. In the case of energy savings measures, partic-

ular attention needs to be paid to the fact that the minimum requirements that need to be ful-

filled in order to have access to a soft loan programme can be expected to be raised in the 

future, just as the legally binding efficiency standards are tightened. The determined effects 

can then be integrated into the model with the help of lower bounds or user constraints on the 

saving processes. In addition, as it was the case for investment grant schemes, it needs to be 

pointed out that the programme costs should be accounted for in the evaluation of the cost 

efficiency of such a soft loan programme (generally outside of the model).  

With the objective to analyse the utilization and effects of soft loan schemes for energy sav-

ings measures endogenously within the model, a second modelling approach can be applied. 

This is, however, not as straightforward as in the case of investment grant programmes, as 

low-interest loans do not directly lower the actual investment costs. So, instead of inserting 

additional cost terms into the model, the discount rates need to be addressed. It can be ex-

pected that the discount rate, representing the opportunity cost of capital, can be lowered with 

the help of soft loan schemes. To empirically verify the size of the effect is, however, ex-
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tremely difficult. This is especially the case for demand sectors like private households where 

discount rates are usually used to represent a large variety of factors in addition to time pref-

erence and the actual cost of capital, like incomplete information, intangible cost, etc.  

On this basis, in the scope of this analysis it can be concluded that lowering the discount rate 

for energy savings measures still is the most suitable way to integrate a soft loan programme 

into the model. It is, however, recommended to conduct a sensitivity analysis with a range of 

discount rates in order to assess the robustness of the results. In order to include both the op-

tion to realize a certain energy saving measure under the soft loan scheme and without it 

(once the programme funds are depleted), all saving processes are modelled twice, once with 

a reduced discount rate and once with the normal one. The programme budget is then limited 

by putting a user constraint on all saving processes with the lower discount rate. The present 

issue highlights once more that further research is needed on the discount rates used in energy 

system modelling.  
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5. Conclusion 
The buildings sector will play an essential role in reducing greenhouse gas emissions - both 

because of its current significant share in CO2 emissions and because of the high potential for 

comparatively cost efficient mitigation options that has been identified in this sector. At the 

same time, it has been observed that substantial investment barriers need to be overcome in 

order to realize this potential. Across Europe, two different types of policy instruments are 

usually implemented to address this issue. Regulatory instruments, prescribing minimum en-

ergy-related building standards, are usually applied to new buildings and existing ones un-

dergoing major renovation. All additional measures that go beyond these mandatory require-

ments are often encouraged by some type of financial incentive measure. That is why the 

buildings sector provides a suitable case study to illustrate different modelling strategies with 

which these two types of policy instruments can be represented in an energy system model.  

In theory, modelling regulatory instruments in quantitative energy models is relatively 

straightforward as any obligatory measure can be integrated with the help of bounds and user 

constraints. When looking at the actual regulations in the buildings sector, however, it be-

comes obvious that substantial challenges may arise with respect to the model integration. 

First of all, regulatory instruments often exhibit a high level of detail with the aim to offer 

appropriate and tailored measures to all different types of cases. This depth of detail may lead 

to a highly complex modelling structure or the necessity to make exogenous assumption and 

aggregate information in the model. Secondly, in order to render mandatory instruments more 

cost efficient, regulators usually try to offer a variety of choices which can be employed to 

fulfil the requirements. Thus, this additional flexibility should be accounted for in the model.    

TIMES contains several types of subsidy parameters such that the necessary foundation for 

the modelling of financial incentive measures is given. However, relying solely on the opti-

mization approach in determining the effects of programmes offering investment grants, soft 

loans, etc. might yield unrealistic model results. In reality, the decision to make use of a cer-

tain support programme depends on a large variety of factors, like available information, het-

erogeneous preferences, etc. Hence in a comprehensive model like TIMES, in which not all 

of these factors can be taken into account in detail, reasonable exogenous assumption reflect-

ing the impact of the support programme need to be introduced into the model, while at the 

same time it is desirable to retain enough flexibility such that the optimization calculus can 

react to changes in the overall scenario assumptions.   

Even though the present report uses specific instruments from Germany to exemplify the dif-

ferent modelling approaches, these techniques can be easily transferred to other countries due 

to the fact that the measures implemented in the buildings sector are usually quite compara-

ble. It has to be noted that the level of detail with which a certain instrument is modelled al-

ways also depends on the type of model that is used, e.g. a comprehensive model covering 

the entire energy system or a partial model focusing on the buildings sector.  
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