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Table 51:  Degree of realisation of economic potentials if 40% GHG reduction are to 
be achieved (EU27) in 2030, 27% renewables 

 

 

In order to reach a level of 40% GHG reduction in combination with 27% reduction in 
renewables less than 50% of the economic potentials for energy efficiency need to be 
realised, neglecting the economic benefits that are combined with a full realisation of 
economic potentials for energy efficiency (see Table 51).  
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5.7.5 The cost/benefits of realizing the HPI Scenario 

The overall economic benefits for realising the High Policy Intensity Scenario as de-
scribed in this report are in the range of 22-27 billion Euro annually on average up to 
2030 for targets in the range of 30-34%, for the LPI in the range of 13-14 billion Euro. 
These benefits can largely compensate for the /rather modest additional costs as com-
pared to renewable if RES targets in the range of 30-35% are envisaged as compared 
to the presently envisaged 27%. 

Figure 53: Net benefits from energy efficiency potentials as investigated in this report 
that may compensate for modest additional costs for renewables 
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Annex 1 - Overview of in-house models 

The following graph shows an overview of the in-house models run by Fraunhofer ISI 
and TU Wien. The ones used in this study are marked in red and described in more 
detail in the following: 

Figure 54:  Overview of bottom-up models used in the study 

 

 

• The Invert/EE-Lab model (run by TU Wien) for residential and non-residential 
buildings. This is a dynamic bottom-up simulation tool. The basic idea of the model 
is to describe the building stock, heating, cooling and hot water systems on highly 
disaggregated level, calculate related energy needs and delivered energy, deter-
mine reinvestment cycles and new investment of building components and tech-
nologies and simulate the decisions of various agents (i.e. owner types) in case that 
an investment decision is due for a specific building segment. 

• The FORECAST platform (run by Fraunhofer ISI), including an industrial model as 
well as the electricity uses in the residential and service sector. The industrial model 
distinguishes a large number of industrial processes as well as industrial cross-
cutting technologies such as electric motors and motor applications. 
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• The ASTRA transport model (run by Fraunhofer ISI) provides potentials for the 
transport sector. In addition the model is coupled to the ASTRA macro-model which 
serves for all sectors to evaluate macro-economic impacts of policy options.   

• The PowerACE model providing efficiency options, including renewable for the 
power sector. It is a European Simulation model for electricity markets which opti-
mizes investment decisions in electricity generation technologies up to 2050, includ-
ing for electricity imports from the MENA region.  
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Annex 2 – Detailed presentation of the models used in the 
study 

FORECAST 

Overview 

The FORECAST modelling platform aims to develop long-term scenarios for future 
energy demand of individual countries and world regions until 2050. It is based on a 
bottom-up modelling approach considering the dynamics of technologies and socio-
economic drivers. The model allows to address various research questions related to 
energy demand including scenarios for the future demand of individual energy carriers 
like electricity or natural gas, calculating energy saving potentials and the impact on 
greenhouse gas (GHG) emissions as well as abatement cost curves and ex-ante policy 
impact assessments. 

Recent model applications 

The model has been in recent years frequently applied to national as well as EU-wide 
studies. Some examples of recent EU-wide applications are as follows: 

• Calculation of energy saving potentials in the industrial sector of the EU by member 
state until 2030 for DG ENER (Eichhammer et al. 2009) 

• Contribution of energy efficiency to the EU 2050 climate protection scenarios for the 
German Environmental Ministry (Boßmann et al. 2012) 

• Long-term electricity demand of the EU by member state until 2050 for all demand 
sectors (www.esa2.eu) 

• Assessment of the impact of energy-efficiency policies on the electricity demand in the 
EU’s tertiary sector by member state until 2035 (Jakob et al. 2012; Jakob et al. 2013) 

Examples of national studies: 

• Long-term climate policy scenarios for Germany in all demand sectors (Schlomann 
et al. 2011)  

• Saving potentials and costs in German energy-intensive industries (Fleiter et al. 
2012; Fleiter et al. 2013) 

• Ex-Ante impact assessment of energy-efficiency policies in the Turkish residential 
sector (Elsland et al. 2013a) 

• Ex-Ante impact assessment of energy-efficiency policies in the German residential 
sector (Elsland et al. 2013b) 

For more information see www.forecast-model.eu 
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Model structure 

The FORECAST platform comprises four individual modules, each representing one 
sector according to the Eurostat (or national) energy balances: industry, ser-
vices/tertiary, residential and others (agriculture and transport). While all sector mod-
ules follow a similar bottom-up methodology, they also consider the particularities of 
each sector like technology structure, heterogeneity of actors and data availability. 

Figure 55: Overview of FORECAST model structure 

 

The list of selected input data as shown in the following table provides a broad idea of 
the level of detail of each module. Each sector requires sector specific activity data, like 
industrial production in the industry sector and the number of households in the resi-
dential sector. Furthermore, end-consumer energy prices play an important role in each 
sector as they are distinguished by energy carrier. The third group of input data, the 
technology characterisation also reflects data availability of the individual sectors. 
While in the industry and tertiary sector the model works with so-called energy-
efficiency measures (EEMs), which represent all kinds of actions that reduce specific 
energy consumption, in the residential sector the stock of alternative appliances and 
the market share of different efficiency classes is explicitly modelled. In all cases, en-
ergy savings can be calculated and traced back to technological dynamics including 
cost considerations. 
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Table 52: Main input parameters of FORECAST  

 Tertiary  Households  Industry  Agriculture 

Main 
drivers  

- No. of employ-
ees by sub-
sector  

- Floor area per 
employee by 
sub-sector  

- No of households  
- Building surface by 

type of building [m²]  

- Physical produc-
tion by process 
[t/a]  

- Value added by 
sub-sector 
[Meuro/a]  

- Production 
output  
- Irrigated areas  

  

Prices  
- Energy prices  - Energy prices  - Energy prices  

- EUA Prices  
 

Tech-
nology 
data  

Energy Services:  
- Technology driver  
- Installed power  
- Annual full load 

hours  
Saving options:  
- Saving Potential  
- Costs  
- Lifetime  
- Diffusion  
Buildings: 
- insulation levels 
- heating system 
efficiency and 
shares 

Appliance data by 
efficiency class  

- Market share  
- Specific energy 

cons.  
- Lifetime  
-  Standby power  
- Standby hours  
Building related 

data:  
- Insulation levels  
- Heating system 

efficiency  
Heating and lighting 

technology shares  

Processes:  
- Specific Energy 
Cons.  

Saving Options:  
- Saving Potential  
- Costs  
- Lifetime  
- Diffusion  
Buildings: 
- insulation levels 
- heating system 
efficiency and 
shares 

Process-
es/Services 
- Technology 
driver 

  Specific energy 
demand 

 - Saving 
potential 

Modeling investment decisions 

The bottom-up approach, which distinguishes individual technologies, allows modeling 
the diffusion of technologies as the result of individual investment decisions taken over 
time. For all types of investment decisions, the model follows a simulation approach 
rather than optimization in order to better capture the real-life behavior of companies 
and households.  

Whenever possible, the investment decision is modeled as a discrete choice process, 
where households or companies choose among alternative technologies to satisfy a 
certain energy service. It is implemented as a logit-approach considering the total cost 
of ownership (TCO) of an investment plus other intangible costs. This approach en-
sures that even if one technology choice is more cost-effective than the others, it will 
not gain a 100% market share. This effect reflects heterogeneity in the market, niche 
markets and non-rational behavior of companies and households, which is a central 
capability to model policies. Still, the resulting technology development (and energy 
demand) is price sensitive. 

The replacement of equipment/buildings/technologies is based on a vintage stock ap-
proach allowing to realistically model the replacement of the capital stock considering 
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its age distribution. Some parts of the industrial and the tertiary sector are not using a 
vintage stock approach, due to the huge heterogeneity of technologies on the one hand 
and data scarcity on the other. Technology diffusion, however, is modeled based on a 
similar simulation algorithm taking heterogeneity and non-rational behavior into ac-
count. 

Modeling policies 

Modeling energy-efficiency policies is a core feature of the FORECAST model. The 
simulation algorithm and the vintage stock approach are well suited to simulate most 
types of policies.  

Minimum energy performance standards (MEPS), e.g. for appliances or buildings, can 
easily be modeled by restricting the market share of new appliances starting in the year 
the standards come into force. See Elsland et al. (2013) and Jakob et al. (2013) for 
examples of ex-ante impact assessments of the EU-Ecodesign Directive. 

Energy taxes for end-consumers can be modeled explicitly on the basis of more than 
10 individual energy carriers (electricity, light fuel oil, heavy fuel oil, natural gas, lignite, 
hard coal, district heating, biomass, etc.). 

Information-based policies are generally the most complicated to model due to their 
rather “qualitative character”. The discrete-choice approach, however, allows to con-
sider such qualitative factors. E.g. labeling of appliances resulting from the EU Labeling 
Directive can be modeled by adjusting the logit parameters and thus assuming a less 
heterogeneous market, in which a higher share of consumers will select the appliance 
with the lowest total cost of ownership. See for example Elsland et al. (2013). 

EU emissions trading can be modeled in the form of a CO2 tax for energy-intensive 
industries. The detailed technology disaggregation in the industrial sector considering 
more than 60 individual products allows to consider the scope of the EU ETS on a very 
detailed level (examples of products are: clinker, flat glass, container glass, primary 
and secondary aluminium, oxygen steel, electric steel, coke, sinter, paper, ceramics, 
ammonia, adipic acid, chlorine). See Fleiter et al. (2012) for a case study on the Ger-
man paper industry taking EUA prices into account. 
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Database 

The FORECAST database has improved continuously incorporating the re-
sults/extensions from the above-mentioned studies.  

The main economic input like energy balances, employment, value added or energy 
prices are calibrated to most recent EUROSTAT statistics whenever possible. When 
such data was not available (prices for certain energy carriers) IEA data was used to fill 
the gaps. 

In the following an overview of the main sources is provided by model segment for 
technology-related data not available in EUROSTAT: 

Buildings and heating systems: Buildings Performance Institute Europe (BPIE), IEE 
project TABULA, IEA Building Energy Efficiency Policies (BEEP), IEE project 
EPISCOPE, ODYSSEE database, country specific research e.g. for heat pumps 

Appliances residential sector: Ecodesign Directive preparatory studies, ODYSSEE 
database, market research data from GfK 

Appliances tertiary sector: Ecodesign Directive preparatory studies and additional 
individual technology studies. 

Industrial production: PRODCOM when possible, UN commodity production data-
base, US geological survey, UNFCCC, industry organizations (World steel organiza-
tion, CEPI, Cembureau, Eurochlor, etc.) 

Industry cross-cutting technologies: various technology studies of which many are 
EU projects 

Industry process technologies: IPPC BREF studies, numerous technology/sectoral 
studies 

Besides these sources, many more, even country specific sources, statistics and re-
ports are used to feed the model database. 
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ASTRA Model for Transport 

Simulating energy efficiency gains in transport 

• Road vehicle stock models: Car, Bus, LDV and HDV 

• New car registrations driven by socio-economic factors and car/fuel prices 

• Simulation of car technology choice by discrete choice approach based on: 

• Fuel/energy prices, car prices, fuel efficiency, range, filling station infrastructure 

• Covers: gasoline and diesel (incl HEV), CNG, LPG, PHEV, E85, BEV and FCEV 

• Energy efficiency improvements exogenous inputs based on detailed studies (GHG-
TransPoRD) 

• Car prices change dynamically via learning curves with technology-specific  
learning rates 

• Other modes less detailed but with input from research for long list of probable en-
ergy efficiency technologies 

 

PwC

The ASTRA model
Key facts and structure

October 2013Study evaluating the current energy efficiency policy framework in the EU 
Slide 36

 Integrated  assessment 
model: 
economic, transport , 
technology and environment   

 System Dynamics
 Spatial coverage: 

each EU27 country plus 
NO/CH (NUTS0 – NUTS2)

 Simulation period: 
1995 – 2050 (annual)

 6 Modules interacting
 Modes: 

car, bus, train, air, slow / 
truck, train, IWW, maritime

 Detailed road vehicle fleet: 
endogenous technology 
choice
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PwC

The ASTRA model
Simulating energy efficiency gains in transport 
 Road vehicle stock models: Car, Bus, LDV and HDV

 New car registrations driven by socio-economic factors and car/fuel prices

 Simulation of car technology choice by discrete choice approach based on:

 Fuel/energy prices, car prices, fuel efficiency, range, filling station 
infrastructure

 Covers: gasoline and diesel (incl HEV), CNG, LPG, PHEV, E85, BEV and 
FCEV

 Energy efficiency improvements exogenous inputs based on detailed studies 
(GHG-TransPoRD)

 Car prices change dynamically via learning curves with technology-specific 
learning rates

 Other modes less detailed but with input from research for long list of 
probable energy efficiency technologies

October 2013Study evaluating the current energy efficiency policy framework in the EU 
Slide 37

 

PwC

The ASTRA model
Long list of energy efficiency measures for all modes

October 2013Study evaluating the current energy efficiency policy framework in the EU 
Slide 38

Technology Cluster Technology Max THG-
Reduction-
Potential

Add. User 
Costs [€2005]

Aerodynamics Improved aerodynamics 1.4% 103 €
Aerodynamics Low rolling resistance tyres 1.8% 39 €
Aerodynamics Tyre-pressure monitoring system 0.1% 62 €
Aerodynamics Low viscosity lubricants 0.2% 19 €
Aerodynamics Reduced mechanical friction components 3.4% 64 €
Battery Electric Vehicles Battery Electric Vehicles 27.2% 14,271 €
CNG/LPG CNG 15.0% 2,410 €
CNG/LPG LPG 2.5% 1,315 €
Downsizing Extra Strong Downsizing with Turbocharging 19.8% 723 €
Drive and Transmission Continuouse Variable Transmission 3.6% 2,532 €
Energy Demand LED headlights 2.5% 1,444 €
Energy Demand Electric power steering (EPS) 2.7% 138 €
Energy Demand Pneumatic brake booster 2.1% 96 €
Energy Demand Intelligent fuel pumps 0.3% 96 €
Electrical System - Energy Supply High efficiency alternators 0.1% 39 €
Electrical System - Energy Supply Intelligent battery sensor 1.5% 276 €
Electrical System - Energy Supply Solar panels on roofs 5.0% 1,100 €
Engine Control System Start-stop system 3.8% 306 €
Engine Control System Cylinder deactivation 4.8% 70 €
Engine Control System Fuel quality sensor 1.2% 72 €
Engine Control System Variable compression ratio 7.3% 1,344 €
Engine Control System Variable valve timing 2.8% 157 €
Heat/Cooling Management Cooling fluid shutdown system 1.0% 72 €
Heat/Cooling Management Exhaust heat recuperation 4.3% 344 €
Heat/Cooling Management Dual cooling circuits 1.0% 48 €
Heat/Cooling Management Intercooling 2.3% 241 €
Heat/Cooling Management Latent-heat storage 4.6% 86 €
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INVERT Model for (Residential and Tertiary Sector) Buildings 

Invert/EE-Lab is a dynamic bottom-up simulation tool that evaluates the effects of dif-
ferent promotion schemes (in particular different settings of economic and regulatory 
incentives) on the total energy demand, energy carrier mix, CO2 reductions and costs 
for space heating, cooling and hot water preparations in buildings. Furthermore, In-
vert/EE-Lab is designed to simulate different scenarios (price scenarios, insulation 
scenarios, different consumer behaviours, etc.) and their respective impact on future 
trends of energy demand and mix of renewable as well as conventional energy sources 
on a national and regional level. More information is available on www.invert.at or e.g. 
in (Kranzl et al., 2013) or (Müller, 2012).  

The basic structure and concept is described in Figure 56.  

Figure 56:  Overview structure of Simulation-Tool Invert/EE-Lab 

 
  

Simulation results
Installation of heating and hot water systems 

(number, kW, m²)
Renovation of buildings (number, m², …)
Energy demand and consumption
CO2-emissions
Investments, policy program  and running  costs

Space heating, cooling and 
hot water energy needs and 
delivered energy calculation 

module [ON13790]

Exogenous scenarios 
growth of building 

stock

Climate data
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Invert simulation tool originally has been developed by Vienna University of Technolo-
gy/EEG in the frame of the Altener project Invert (Investing in RES&RUE technologies: 
models for saving public money). In more than 30 projects and studies for more than 
15 countries, the model has been extended and applied to different regions within Eu-
rope, see e.g. (Kranzl et al., 2012), (Kranzl et al., 2013), (Biermayr et al., 2007), (Haas 
et al., 2009), (Kranzl et al., 2006), (Kranzl et al., 2007), (Nast et al., 2006), (Schriefl, 
2007), (Stadler et al., 2007). The last modification of the model in the year 2010 
included a re-programming process and accommodation of the tool, in particular taking 
into account the inhomogeneous structure of decision makers in the building sector and 
corresponding distributions (Müller, 2010). The current state of the model relies on this 
new calculation-core (called EE-Lab) leading to the current version of the model In-
vert/EE-Lab.  

The basic idea of the model is to describe the building stock, heating, cooling and hot 
water systems on highly disaggregated level, calculate related energy needs and deliv-
ered energy, determine reinvestment cycles and new investment of building compo-
nents and technologies and simulate the decisions of various agents (i.e. owner types) 
in case that an investment decision is due for a specific building segment. The core of 
the tool is a myopical, multinominal logit approach, which optimizes objectives of 
“agents” under imperfect information conditions and by that represents the decisions 
maker concerning building related decisions.  

Coverage and data structure 

The model Invert/EE-Lab up to now has been applied for the following countries: AT, 
DE, DK, GR, NL, PL, UK. Within the project ENTRANZE (see below) the model has 
been extended to all countries of EU-28 (+ Serbia). A representation of the implement-
ed data of the building stock is given at www.entranze.eu.  

Invert/EE-Lab covers residential and non-residential buildings. Industrial buildings 
are excluded (as far as they are not included in the official statistics of office or other 
non-residential buildings).  

The following figure shows the disaggregated modeling of the building stock within 
each country. The level of detail, the number of construction periods etc. depend on the 
data availability and structure of national statistics. We take into account data from Eu-
rostat, national building statistics, national statistics on various economic sectors for 
non-residential buildings, BPIE data hub, Odyssee, which are finally summarized in the 
ENTRANZE database (www.entranze.eu).  
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Figure 57:  Disaggregated modeling of the building stock within each country. Where 
relevant, climatic zones are taken into account within a country. 
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rnjb =  relative utility of alternative j in building b for investor type n 
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of owners (joint-ownership), and housing association. The structure is motivated by the 
different perspectives regarding building related investments. For instance, energy cost 
savings are only relevant for those owners which occupy the building. The correspond-
ing variable relevant to landlords is a refinancing of energy savings measures through 
additional rental income (investor-tenant dilemma).  

Owner types are differentiated by their investment decision behaviour and the percep-
tion of the environment, The former is captured by investor-specific weights of econom-
ic and non-economic attributes of alternatives. The perception relevant variables – in-
formation awareness, energy price calculation, risk aversion – influence the attribute 
values. 

Outputs from Invert/EE-Lab 

Standard outputs from the Invert/EE-Lab on an annual basis are: 

• Installation of heating and hot water systems by energy carrier and technology 
(number of buildings, number of dwellings supplied) 

• Refurbishment measures by level of refurbishment (number of buildings, number of 
dwellings) 

• Total delivered energy by energy carriers and building categories (GWh) 

• Total energy need by building categories (GWh) 

• Policy programme costs, e.g. support volume for investment subsidies (M€) 

• Total investment (M€) 

Moreover, Invert/EE-Lab offers the possibility to derive more detailed and other type of 
result evaluations as well. Based on the needs of the policy processes we will have to 
discuss which other type of evaluations of the result data set might be required.  

General approach of modelling policy instruments in Invert/EE-Lab 

Invert/EE-Lab models the decision making of agents (i.e. building owner types) regard-
ing building renovation and heating, hot water and cooling systems. Policy instruments 
may affect these decisions (in reality and in Invert/EE-Lab) in the following ways: 

• Economic incentives change the economic effectiveness of different options and 
thus lead to other investment decisions. This change leads to higher market share of 
the supported technology in the Invert/EE-Lab (via the nested logit approach).  

• Regulatory instruments (e.g. building codes or renewable heat obligations) restrict 
the technological options that decision makers have; limited compliance with these 
measures can be taken into account by limiting the information level of different 
agents regarding this measure (see next bullet point). 
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• Information, advice, etc: Agents have different levels of information. Lack of infor-
mation may lead to neglecting of innovative technologies in the decision making 
process or to a lack of awareness regarding subsidies or other support policies. In-
formation campaigns and advice can increase this level of information. Thus, the 
consideration of innovative technologies, knowledge about support programmes and 
compliance with regulatory standards increases.  

• R&D can push technological progress. The progress in terms of efficiency increase 
or cost reduction of technologies can be implemented in Invert/EE-Lab.  


