
SAVE-E  –  Energy Savings: Closing the Energy Efficiency Gap 
 

1. Summary 
Plans to reduce consumption of fossil fuels and hence emissions of CO2 include substitution to 
renewable energy sources, increased use of electricity and considerable efficiency improvements. 
Numerous studies have analysed and shown the feasibility of substitution to - and integration of - 
renewable energy sources. However, further studies have proven the existence of the energy-
efficiency gap (EEG) and experience from various support and promotion policies have revealed 
that the EEG is hard to overcome. On the basis of these findings the aim of this project is to 
identify relevant factors influencing the EEG and to derive recommendations on how to surmount 
the EEG. An economic-engineering approach is used to identify potentials of efficiency 
improvements. Based on this, we conduct a comprehensive micro-economic analysis of energy-
saving investment behaviour of industries and households, i.e. identifying barriers for adoption 
and incentive schemes to resolve them. Combining potentials, barriers and incentives, strategies 
for implementing targeted improvements are developed and the trade-off between efficiency 
improvements and supply from renewable energy sources analysed. To evaluate macro-economic 
effects of the investments in savings a small macroeconomic model with detailed energy 
specifications is developed. Using this model, effects on growth, employment and public finances 
from using various incentive schemes are quantified. 

2. Objectives of the project 
The objectives of the project are to: 
• Identify and quantify technical, economic and social barriers for potential energy savings.  
• Analyse implementation strategies, evaluate incentives schemes, and find optimal trade-offs 

between efficiency improvements and additional renewable energy supply.  
• Evaluate macro-economic effects of efficiency improvements and alternative incentive 

schemes. 
• Contribute to development of methods and theory in the intersection of energy systems, 

behavioural economics, energy economics and stochastic programming areas.   
 

3. The main results of the project 
The main anticipated scientific results are: 
• A method for aggregating technical saving potentials and the construction of dynamic cost 

curves. 
• Characterization of first movers and quantification of their effect through social networks on 

second mover adoption of saving investments  
• Contribution of real option theory and stochastic programming in explaining how uncertainty is 

affecting energy saving investments in industry. 
• An extended energy system model integrating investments in energy savings. 
• Analyses of incentives, barriers and policy instruments for energy savings. 
• Development of a small macro-economic energy model for Denmark describing energy saving 

investments behaviour in both industry and households. 
 

The main anticipated results for society are: 
• A decision support tool for implementing energy savings in Denmark. 
• Assessment of barriers for investments in energy savings, evaluation of policy instruments, 

evaluation of investments in savings versus increased renewable supply, and for energy 
savings suppliers improved targeting of end-users likely to implement savings.   

• Guidance on how to optimize energy saving initiatives to exploit peer effects through social 
networks 
 

Dissemination: 
• 20-25 publications in international journals 



• 15-20 contributions to major international conferences.  
• 4 national workshops with thematic content for invited stakeholders  
 
Education: 
• 4 graduated Ph.D. students 
• 2 postdocs 

4. Background and hypothesis/research questions 
Energy savings constitute a major potential in contributing to greening the production and 
consumption structure of countries. Reduced energy consumption contributes to environmental 
and climate related obligations and national targets. At the same time savings increase production 
efficiency in terms of variable production cost which may provide competitive advantages for 
industry.    
Harvesting the large identified technical savings potentials is a challenge, and analyses of 
incentives and costs of implementing efficiency improvements show diverging conclusions.     
The Danish Commission on Climate Change Policy, analysed how Denmark may become 
independent of fossil fuels and concludes that until 2050 energy savings should contribute with 
around half of the GHG emission reduction (Klimakommissionen, 2011). The same is shown in IEA 
scenarios where energy savings are expected to deliver half of the GHG emission reduction (IEA, 
2010). Strategies and incentives for obtaining these savings are less clear. Technical potentials for 
energy savings in different sectors are analysed in many international studies (e.g. IEA, 2007a; 
IEA, 2008). For Denmark, a recent study on potentials and profitability of savings in industry is 
Maagøe and Viegand (2010) and a model for estimating the energy saving potential in the existing 
building stock is Wittchen and Kragh (2013). However, adding individual potentials is not simple 
and optimal investment scenarios are developed by extending static cost curves to be dynamic 
(e.g. McKinsey (2009) or by combining the investment decision of heating technology and heat 
saving measures (Giraudet et. al. 2011). Investments in energy savings are characterised by 
being irreversible with an uncertain return (IEA, 2007b; Fuss et al, 2012), and the classic 
asymmetry in energy price response (Adeyemi and Hunt, 2007) is expected to be present. 
Further, investments in energy savings partly move uncertainty from future energy prices to 
uncertainty in investment timing and return.  
The importance of how uncertainty is included in investment decisions is studied and modelled 
using real options theory and state of the art methods from stochastic programming. Whether a 
combination of stochastic optimal control and multi-stage stochastic linear programming (SLP) can 
give the necessary flexibility in the investment decision while limiting the complexity of the 
solution process is examined (Konicz et. al. 2013). Experimental and behavioural economics is 
used extensively in WP3 to investigate the importance of pier effects and social networks in 
triggering the adoption of saving investments from first movers to followers (Aral and Walker, 
2011). 
Identifying uncertainties, social and economic barriers to investments in energy efficiency 
improvements enables the identification of relevant incentive schemes. (Schleich and Gruber, 
2008, Banfi et al., 2008). Studies dealing with different kinds of incentive schemes for 
implementing energy savings include Jensen et al. (2012), Marino et al. (2011), Rezessy and 
Bertoldi (2011). Other studies address the effectiveness of the policies implemented e.g. Chung-
Chiang (2011), Bertoldi et al. (2010), and Togeby et al. (2012). Studies related to the design of 
incentives schemes taking economic and social barriers into account are limited (Oikonomou et al, 
2009).  
Additional research into barriers for changing behavioural practices is needed to better understand 
how a complex of technological options and behavioural patterns affect the implementation of 
efficiency improvements (Wilson and Dowlatabadi, 2007). 
The socio-economic trade-off between energy savings and increased supply from renewable 
energy will be analysed by extending the energy system model Balmorel (Balmorel, 2012) to 
include energy saving investments. Macro-economic effects of investments and savings must be 
quantified and we do this using a small macro-economic energy model of the Danish economy. 
The model will be developed based on the tradition of integrating technical energy models into 
macroeconomic models (Klinge Jacobsen, 1998) and coordinated with on-going modelling 



activities in the Danish Energy Agency. This work will be inspired by the Canadian and US models 
(Jaccard, 2009; Murphy and Jaccard, 2011a, 2011b) Important issues to evaluate are the 
medium-term effects of investments on economic activity, employment, and the effects of 
reduced energy consumption on the balance of payments and public budget (tax revenue loss). 

5. Innovative value, impact and relevance of the project  
The project aims at explaining the behaviour of households and industries that make energy 
saving investments. Based on this and the detailed knowledge of savings potentials and 
investment costs, new and more efficient policy instruments can be designed. Saving potentials 
versus the investment cost and environmental impact of energy supply technologies can be 
combined in a more cost efficient way in reaching both energy savings and climate ambitions for 
Denmark. Combining the microeconomic behaviour in household saving investments, with policy 
instruments and macroeconomic effects is contributing to the development of methods beyond the 
simplified description of energy savings as an efficiency parameter for energy intensity. Including 
advanced stochastic programming and real options contribute to developing the methods, while 
studying the importance of uncertainty for optimal industrial energy saving investments.  
A scientific impact can be made in the area of experimental economics and quantifying the peer 
effects in energy savings investments. First mover characteristics and which of these that trigger 
followers are difficult to quantify and development of methods for successful identification of this 
will have a scientific impact. Our advantage compared to prior studies is the combination of a 
randomized experiment and unique Danish register data allowing network mapping for a large 
sample study. 
The ambitious Danish energy and climate policies requires that considerable energy saving 
potentials are realised in a cost efficient way. This project provides direction for realisable 
potentials and incentives that promote least cost saving investment. Integrating the 
macroeconomic effects provides a sound basis for prioritizing the policy that improve the long 
term competitiveness of Danish industries and enables a comparison of effects on economic 
structure, public budgets, employment and competitiveness of various energy saving strategies.   

Specific Key Performance Indicators (KPI) for the project in the long term are: 

Impact on savings and the use of policy instruments 
• Development and implementation of specific incentive schemes targeting first movers. 
• Implementation of policies reducing investor uncertainty w.r.t. the profitability of energy 

saving investments. 
• By 2030 additional energy savings of 3-5 % implemented in DK. 
Impact on competitiveness of Danish industry 
• The key Danish manufacturers of materials and products for energy savings (Rockwool, 

Danfoss, Grundfoss etc) gain a competitive advantage by better understanding key drivers of 
adoption of their new technologies among consumers and the construction industry.  

• Increase the cost efficiency of reaching industrial saving targets by 5-10%. 

6. Project methodology and results 
The project builds on the identified savings potential and the identified gap in realising the 
potential. Comparing potential savings in different sectors and describing the investment 
behaviour the aim is to identify mechanisms and incentives that a regulation must target.  
In-depth knowledge of potential savings in sectors combined with practical experience in 
implementation and the theoretical background that the partners possess makes it possible to 
exploit synergies between theoretical considerations and real-world conditions to identify 
instruments and solutions that are promising in overcoming the energy efficiency gap.  
The methods applied start from a microeconomic and behavioural economics description of the 
decision to invest in energy savings and how this fits the actual situation in households and 
industries. Including uncertainty w.r.t. investment parameters like future energy prices and the 
profitability of production capacity relative to competitors, methods analysing the influence of 
uncertainty on investments in energy savings are developed. Using these insights, areas and 



types of saving investments where reducing uncertainty is possible through public incentive 
schemes are identified and cost efficient schemes proposed.   
For households, the analyses include savings investment decisions that are influenced by other 
parameters than pure economic cost. Using theories and methods from behavioural economics 
and conducting experiments, in a simple setup we identify peer effects in the decisions of 
individuals and whether this can be exploited in targeting support and information to individuals 
that can draw others to pursue the same energy saving investments. 
Energy savings must be balanced by the real system cost and the environmental value of saved 
energy (the specific type and environmental characteristics of saved energy). This balance will be 
addressed by using energy system models that on an hourly scale incorporate detailed accounts of 
how renewable technologies influence e.g. the properties of electricity saved at different hours 
over a year. The significant changes taking place in the energy supply influence the socioeconomic 
optimal energy saving investments and policies must be adjusted accordingly. Finally the 
macroeconomic effects of the energy savings including the investment profiles and how this 
changes the competitiveness of different sectors are analysed in a macroeconomic model. The 
model sheds light on how energy savings and additional investments affect the economy and the 
public budgets. It includes different types of capital and substitution properties between capital, 
labour and energy. Different approaches to incorporate uncertainty affects the optimal behaviour 
of industrial energy saving investments will be compared. 
Energy savings in electricity and heat for all end-uses will be covered. The transport sector is 
excluded from the analyses as the investment decision in savings for freight transport is 
concentrated in a transport sector and not closely related to the production equipment (capital) of 
all industries. Household transport decisions should include extended modelling of the localisation 
and commuting patterns which is not an ambition of this project. The project is divided into the 
WP’s shown in Figure 1 together with their inter-linkages.  

 
Figure 1. Project work packages.  
 
WP1 Energy efficiency and saving potentials (lead: Kim B. Wittchen, AAU, Partners: AAU, 
DE, Viegand Maagøe, DEA, Rockwool, PhD) 
Goal: The objective is to create an overview of potential energy savings and related costs. 
Method: We distinguish electricity and heat consumption both within industry (process energy) 
and buildings (including the residential sector) in Denmark. Potential energy savings are defined 
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as relevant technical solutions with a reasonable profitability. The analysis is based on existing 
studies (Wittchen and Kragh, 2013) combined with projections and data from bottom up models 
covering different sectors (TIMES, 2014).  
Tasks: 1) Comparison of methods and data used in bottom-up models analysing energy saving 
potentials in different sectors in Denmark. 2) Establishing a detailed data set with estimated 
energy savings and costs (investments and running costs). 3) Development of methods for 
aggregating individual technical potentials. 4) Preliminary mapping of potential technical, 
economic and social barriers related to the identified technical saving potentials. The outcome of 
WP1 will be inputs for WP2, WP3 and WP5 (data on saving potentials and costs) and WP4 and 
WP7 (barrier mapping). 
Outcomes: 1 PhD thesis, 4-5 journal papers, conference presentations. 

WP2 Investment behaviour and uncertainty (lead: David Pisinger, DTU, Partners: DTU, KU 
Math, NTNU, PhD)  
Goal: The objective is to understand key parameters related to energy saving investment 
decisions by industries and how these provide the basis for policy design.  
Task 1: Modelling uncertainties in energy saving investments using real option theory and 
stochastic programming.  
Task 2: Modelling and analysing energy saving investments in industries: distinguishing between 
investments as by-products of cost reducing investments and investments to directly target 
energy cost reduction.  
Task 3: Investigating whether financial products like futures, swaps, and other derivatives can be 
used to quantify and/or control the risk of investments in energy savings (Alizadeh and Nomikos, 
2004). A decision support tool based on stochastic programming will be developed enabling a 
combination of financial products.  
Task 4: Investigating whether a combination of a dynamic programming approach (stochastic 
optimal control) and a multi-stage stochastic linear programming approach (SLP) can give the 
necessary flexibility in the investment decision while limiting the complexity of the solution 
process (Mulvey, 2004; Konicz et. al., 2013). 
Outcomes: 1 PhD thesis, 4-5 journal papers. 

WP3 Behavioural aspects of energy saving investments in households (lead: Lars Gårn 
Hansen, KU, Partners: KU, DTU, Roskilde Municipality (RM) and ProjectZero (PZ), Postdoc) 
It is well known that adoption of new products/technology is spearheaded by especially interested 
first movers and studies suggest that these may affect the probability of second mover adoption 
through social networks (Banerjee et al., 2013, Wilson and Dowlatabadi, 2007). 
Goal: WP3 has three objectives: 1) To identify key characteristics of first movers in the adoption 
of household energy saving investments; 2) to estimate their effect on second mover adoption 
through social networks, and; 3) to identify what characteristics of potential investments make 
them attractive to first movers. 
Method: We do this through a field experiment (see e.g. Aral and Walker, 2011) utilizing energy 
saving advisory initiatives as a treatment, in cooperation with Danish municipalities that are 
implementing the BedreBolig programme. A PhD project funded by DTU has in 2014 collected a 
sample dataset on an earlier energy saving advisory initiative and gathered experience with 
design and data issues. Randomization between a treatment and a control group, allows us to 
disentangle the treatment effect (TE) on first movers and the indirect (network) TE on second 
movers. This also allows us to identify characteristics of first movers. Qualitative interviews and a 
survey identify characteristics of the initiatives that first movers find attractive. Sampling of 
networks will be based on register data indicating family ties, neighbours, contacts in children's 
school class, and work colleagues (see e.g. Dahl et al., 2013). As a control we do a full network 
sampling for a small group of households. Stratified randomisation between the treatment group 
that is targeted by the advisory initiative and the non-treated control group is done by Statistics 
Denmark. Participation data and survey data, as well as the data on potential savings created in 
WP1, are merged with register data by Statistics Denmark using CPR/BBR identifiers.  
Task 1: Experimental design (Register data indicators developed, design developed based on 
historical data on earlier energy saving advisory initiatives)   



Task 2: Initiative implementation (advisory initiative rolled out and monitoring data collected) 
Task 3: Qualitative interviews and full network sampling survey  
Task 4: Data analysis, writing of papers/applied notes: 1 paper on first mover characteristics; 1-2 
papers on network effects on second movers, 1 paper on supply side effects; presentations and 
applied notes on optimizing energy saving initiatives by utilizing first movers and network effects. 
Outcomes: 4-5 working papers aiming at journal publication (especially the papers on network 
effects could be interesting for high ranked journals), presentations and applied notes. 

WP4 Economic incentives and policy design (lead: Lise-Lotte Pade, DTU, Partners: DTU, RUC, 
KU, DE, PhD) 
Goal: In WP4 a set of incentive schemes will be defined assuring that the energy saving potentials 
identified in WP1 are realised.  
Method: With the point of departure in microeconomic theory  the appropriate incentive schemes 
to achieve the potential energy savings identified in industries and households are are analysed 
(e.g. Wittmann 2013; Oikonomou et al 2008). Possible policy instruments include both market-
based instruments, e.g. taxes, subsidies and white certificates, command and control regulation, 
e.g. building regulations and minimum efficiency standards for industrial equipment and 
household appliances, and information schemes (Bertoldi et al, 2010; Chung-Chiang, 2011; 
Togeby et al, 2012; Russel and Larsen, 2007). The trade-offs between energy savings and supply 
of energy identified in WP5 is reflected in the identified incentive schemes. 
Task 1: An examination of existing incentive schemes evaluating strengths and weaknesses in an 
economic perspective. We analyse which energy saving potentials have been targeted with which 
incentive schemes, and we evaluate the effectiveness of the incentive schemes.   
Task 2: Identification of appropriate incentive schemes for achieving energy saving in the 
industry. Based on the findings of WP2 concerning barriers to energy saving investments specific 
incentive schemes targeting specific barriers or sectors can be specified.  
Task 3: Incentive scheme for achieving energy savings within households covering both owners 
and tenants. With the point of departure in the findings of WP 3 this task address e.g. 
identification of specific target groups for incentive schemes. 
Task 4: In this task the potential energy savings identified in WP1 are addressed with the point of 
departure in task 1,2, and 3 by indicating the necessary incentive schemes.  
Outcomes: 1 PhD thesis, 4-5 journal papers, conference presentations. 

WP5 Savings versus supply (lead: Kenneth Karlsson, DTU, Partners: DTU, DE, AAU, Viegand 
Maagøe, Postdoc) 
Goal: This WP will investigate the trade-off between saving and supply of energy and identify 
optimal weighting of savings in future renewable energy scenarios. 
Method: Policies focusing on RE targets or on specific energy saving measures can lead to socio-
economic in-optimal solutions. This is because energy savings influence energy supply and 
investment in supply technologies can potentially lock-out socio-economic feasible energy savings. 
To find the least cost combination of savings and RE to reach certain environmental targets, 
marginal costs curves are often used. Cost-curves for individual technologies give a static picture 
of the costs related to savings and supply technologies. In this WP we will create dynamic cost 
curves where cost curves for energy savings and energy supply technologies will be updated 
according to fuel prices and other costs. The cost curve approach, however, lacks information 
about interactions in the energy system between the demand side and the supply side, and the 
found combination of solutions might not be economic feasible. To find the trade-off between a 
demand side with potential savings and the supply side with RE options then investments in 
energy savings and in supply technologies has to be optimized simultaneously. This can be done 
in an updated version of the Balmorel energy system optimization model. Linking the energy 
system model with detailed vintage models enables the creation of dynamic cost-curves. 
Task 1: Expansion of Balmorel with new end-use sectors (households, industry, other) and with a 
detailed description of the building mass; inclusion of energy-savings investments in Balmorel.  
Task 2: Creation of cost curves for heat savings in buildings, savings in process energy, and 
electricity savings; building of a tool for comparing saving cost curves with supply cost curves to 
find trade-off between those when reaching certain RE or EE targets.  



Task 3: Run analysis and policy scenarios with the expanded Balmorel energy system optimization 
model to find an economic optimal mix of savings and supply when meeting GHG reduction 
targets. 
Outcomes: 1 Post Doc, 3-4 papers for journal publication, conference presentations. 

WP6 Macro-economic impacts of energy saving policies (lead: Henrik Klinge Jacobsen, DTU, 
Partners: DTU, Simon Fraser University, DEA, PhD) 
This WP analyses macro-economic effects of significant energy efficiency improvements. To do 
this a small macro-economic energy model including types of capital with different substitutability 
with energy is developed. Three tasks cover model development and the application of the model 
for policy analyses.  
Goal: Based on evaluations of investments, costs, and incentive schemes from the other WPs, the 
model is used to evaluate medium and long-term effects on economic growth, economic structure, 
employment, and the public budget.  
Method: The model development will draw on partner experience in integrating technical energy 
models with macroeconomic models. For households, the model will distinguish types of 
households with different saving options. The model development will be coordinated with the 
CGE-modelling activities of the Danish Energy Agency and draw on the experience from the large 
Canadian and US models.  
Task 1: Will develop a small macroeconomic energy model. The sectoral coverage will be 5-10 
production sectors and one aggregate household sector. The dynamic aspects of capital vintages, 
investment and adjustment between types of capital will be investigated and to the extent 
possible included in the model.  
Task 2: Extends the description of household energy savings behaviour and model households of 
different categories w.r.t. saving options and constraints (e.g., liquidity, dwelling type ownership). 
Demand for heating is modelled as dependent on the standard of dwellings, and electricity as 
dependent on number of and efficiency of electrical appliances. The categories of households will 
be 2-5 and it will be examined whether the categories can be described as stable. Specific focus 
will be on differences in the energy price-induced saving investments drawing on results from 
WP3 and including the most relevant policy parameters from WP4. 
Task 3: Uses the model to evaluate macroeconomic consequences of alternative saving scenarios 
and policies based on input from the other WP’s.  
Outcomes: A small macroeconomic model; extended modelling of household categories capturing 
differences in savings behaviour and characteristics; evaluations of quantitative macroeconomic 
effects of energy savings; 4-5 journal articles; 1 PhD thesis.  

WP7 Results and recommendations for policy change (lead: Henrik Klinge Jacobsen, DTU, 
Partners: Gate21, all partners)  
Goal: WP7 collects results and methodologies from the other WPs and suggests policy schemes to 
reduce barriers and promote investments in the most economic energy savings. The WP secure 
the involvement and use of end-user experience through seminars and workshops.  
Task 1: Synthesises the findings of the project with regard to methodologies and incentive 
structures that facilitate implementation of energy savings at a large scale. 
Task 2: Organise and facilitate workshops and seminars for end-users and stakeholders, to exploit 
experience from key suppliers of equipment and implementing authorities in the research 
activities of all WP's. Secure national dissemination of results at a workshop.    
Task 3: Combines the methods and models developed to a decision support tool for implementing 
energy savings in Denmark. 
Task 4: Formulates policy advice, suggesting a weighting of different regulatory/policy 
instruments. 
Outcomes: A decision support tool for analysing and comparing energy saving strategies and 
policies; a set of policy recommendations to realise targeted savings, and; recommendations on 
how to balance the efforts in energy savings with those in transforming the energy supply. 

7. Project plan 



The research will be organised around 7 WPs as depicted in Figure 1 above, each lead by a WP 
leader coordinating the work of the partners involved in the WP and responsible for the exchange 
of data and results with the other WPs. The project runs for 4 years. This will allow for the PhD 
students to be recruited and finished within the project period such that the results of the PhD 
projects can be fully integrated into the project results and into the final recommendations. The 
PhD projects are centrally placed in three of the WPs that integrate theoretical and applied 
research. They will work with their foreign co-supervisors and closely together to transfer the 
results of most importance for each other’s research objectives. PhDs will be connected to other 
PhD networks and schools in a number of other projects (e.g. DSF projects) that relates well with 
the applied economics, energy economy modelling, and operations research activities going on 
there. This includes around 15 PhD students at the participating universities. 
WP1 partner contributions: AAU leads the WP; Danish Energy Association contributes to tasks 1 
and 2 with electricity saving options and data; Rockwool contributes with industrial experience 
with product adoption by consumers and construction sector; Viegand Maagøe to tasks 2 and 3 
with expertise in industrial energy savings and aggregated potentials; DEA contributes to 
industrial and overall saving classification and methods.   
WP2 partner contributions: DTU leads this WP; KU-Math contributes with expertise in real options 
and stochastic programming approaches to energy applications in task 1; NTNU contributes with 
expertise in energy modelling with OR methods and acts as co-supervisor for a PhD.  
WP3 partner contributions: KU leads WP and contributes mainly to tasks 1, 2 and 4; DTU leads 
task 3 and contributes to all tasks; RM and PZ contributes to all tasks (mainly to tasks 1 and 2). 
WP4 partner contributions: DTU leads this WP and contributes to all tasks; the PhD student will 
contribute to all tasks but will focus on tasks 2 and 3; RUC contributes with special expertise in 
energy savings, energy demand and policy schemes in tasks 1 and 4; KU contributes with special 
expertise in behavioural economics in task 3. 
WP5 partner contributions: DTU leads the WP and contributes to all three tasks with extensive 
expertise in the Balmorel model; the Danish Energy Association contributes to tasks 1 and 2 with 
modelling and electricity savings expertise; AAU contributes to task 1 with building energy data 
and expertise; Viegand Maagøe contributes to task 3 for industrial energy savings.     
WP6 partner contributions: DTU leads the WP and contributes to all three tasks with expertise in 
integration of energy and macroeconomic models; Simon Fraser contributes with extensive 
energy-economy modelling expertise and serves as PhD co-supervisor; DEA contributes to 
coordination with their own modelling activities. The PhD in WP6 will mainly work on tasks 1 and 
2, together with three researchers/supervisors. DTU will be main responsible for task 3. 
WP7 partner contributions: DTU leads and coordinates the input of all partners for this WP. 
Gate21 organise seminar and workshops for end-users and stakeholders. 
 
 Task Description of tasks Duration  

months 
1.1 Comparison of methods and data used in bottom up models analysing energy saving 

potentials in different sectors in Denmark. 
0-3 

1.2 Establishing a detailed data set with estimated energy savings and costs. 0-18 
1.3 Development of methods for aggregating individual technical potentials. 3-39 
1.4 Preliminary mapping of potential technical, economic and social barriers related to the 

identified technical saving potentials. 
0-36 

2.1 Modelling uncertainties in energy saving investments using real option theory and 
stochastic programming. 

0-36 

2.2 Modelling and analysing energy saving investments in industries: distinguishing between 
investments as by-products of cost reducing investments and investments to directly target 
energy cost reduction. 

12-30 

2.3 Investigating whether financial products like futures, swaps and other derivatives can be 
used to quantify and/or control the risk of investments in energy savings. 

18-42 

2.4 Investigating whether a combination of a dynamic programming approach (stochastic 
optimal control) and a multi-stage stochastic linear programming approach (SLP) can give 
the necessary flexibility in the investment decision while limiting the complexity of the 
solution process. 

30-48 

3.1 Experimental design (Register data indicators developed, design developed) 0-12 
3.2 Initiative implementation (planned advisory initiative rolled out and monitoring data 

collection.) 
12-36 



3.3 Qualitative interviews and full network sampling survey 30-39 
3.4 Data analysis, writing of papers/applied notes 24-48 
4.1 Examine and compare the existing incentive schemes in Denmark and internationally 0-15 
4.2 Incentive schemes in the industry under uncertainty 13-36 
4.3 Incentive schemes within the households considering behavioural aspects 13-42 
4.4 Necessary incentive schemes to achieve the overall technical potential 25-42 
5.1 Expansion of the Balmorel model with new end-use sectors 0-36 
5.2 Creation of cost curves for heat savings in buildings, savings in process energy and 

electricity savings 
12-36 

5.3 To run analysis and policy scenarios with the expanded Balmorel energy system 
optimization model 

24-48 

6.1 Development of macroeconomic model describing the investment choices in energy savings
  

0-36 

6.2 Modelling household categories with different savings behaviour and characteristics 12-42 
6.3 Quantifying the effects for industry structure, employment and public budgets of energy 

efficiency improvements and saving investments 
30-48 

7.1 Synthesising the findings of the project with regard to methodologies and incentive 
structures that facilitate implementation of energy savings at a large scale 

30-42 

7.2 Organise and facilitate workshops and seminars for end-users and stakeholders 9-45 
7.3 Combining the WP methods and models in a decision support tool for implementing energy 

savings in Denmark 
36-48 

7.4 Formulating policy advice – suggesting changes in the weight of different regulating 
instruments 

39-48 

0.1 Coordinating meetings and intra-project information exchange 2,4,…,48 
0.2 Communication and annual workshops 0-48 
 Description of Milestones Due Quarter 
M1.1 Detailed data set with estimated energy savings and costs by sectors produced Y2Q2 
M1.2 Methods developed for aggregating individual technical potentials Y2Q3 
M1.3 Mapping of potential barriers related to identified saving potentials Y3Q2 
M2.1 Model development: investigating the shift in uncertainty when investing in energy savings. Y2Q2 
M2.2 Article: investigating the shift in uncertainty when investing in energy savings. Y2Q4 
M2.3 Model and analyses: targeted investments in energy savings or energy savings as by-

products. 
Y3Q2 

M2.4 Model development: determining optimal energy saving investment decisions under 
uncertainty. 

Y3Q2 

M2.5 Article: determining optimal energy saving investment decisions under uncertainty. Y3Q4 
M2.6 Model and investigation: possible risk quantification through financial instruments Y3Q4 
M2.7 Article: possible risk quantification through financial instruments Y4Q2 
M2.8 Model and investigation: will combining dynamic programming and SLP give flexibility while 

limiting complexity? 
Y4Q4 

M3.1 DS register based subject pool data base completed  Y1Q4 
M3.2 Experimental design and randomization completed Y1Q4 
M3.3 Initiative role out completed as well as data collection completed Y3Q3 
M3.4 Interview and survey design completed Y3Q3 
M3.5 Qualitative interviews and survey completed Y4Q1 
M3.6 Merging of register and collected data completed, - Data analysis completed Y4Q2 
M3.7 3-4 papers completed and submitted, a number of applied notes completed,  applied 

presentations nationally and international scientific conference contributions 
Y4Q4 

M4.1 Output of examination of existing incentive schemes Y2Q2 
M4.2 Set of incentive schemes for the industries – specific cases  Y3Q4 
M4.3 Incentive schemes for the households – case specific Y4Q2 
M4.4 General incentive schemes to achieve the overall technical potential Y4Q2 
M5.1 Balmorel model with end-use technologies and saving potentials Y3Q2 
M5.2 Costs curve tool – to compare saving investments and supply technology investments Y2Q3 
M5.3 Set of scenarios finding trade-off between savings and production under different 

assumption and costs regimes 
Y4Q2 

M5.4 2-3 working papers aiming at journal publication and conference presentations Y4Q4 
M6.1 A small macroeconomic model describing energy savings investment options in 5-10 

sectors 
Y2Q2 

M6.2 A specification of a number of household categories with different saving (properties) to be 
used in the macroeconomic model   

Y3Q2 

M6.3 Three journal articles submitted and one PhD completed Y4Q4 
M7.1 Workshop well organised and held with broad national participation of end-users  Y2Q1, Y4Q3 
M7.2 Decision tools aligned and operational Y4Q2 
M7.3 Synthesis report of project results and methodological contributions Y4Q4 
M0.1 Cooperation agreement signed by all partners Y1Q2 
M0.2 Half yearly progress meetings with advisory panel Q2,Q4,… 



 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
WP0 Project management
Task 0.1 Coordinating meetings and inter projects 
information exchange
Task 0.2 Communication and annual project 
workshops
Milestones M0.1 M0.2 M0.3 M0.4 M0.5 M0.6 M0.7 M0.8 M0.9 M0.10 M0.11 M0.12 M0.13 M0.14 M0.15 M0.16

WP1 Energy efficiency and saving potentials
Task 1.1 Comparison of methods and data used in 
bottom up models analysing energy saving potentials 
in different sectors in Denmark
Task 1.2 Establishing a detailed data set with 
estimated energy savings and costs
Task 1.3 Development of methods for aggregating 
individual technical potentials
Task 1.4 Preliminary mapping of potential technical, 
economic and social barriers related to the identified 
technical saving potentials
Milestones M1.1 M1.2 M1.3

WP2 Investment behaviour and uncertainty
Task 2.1 Modelling uncertainties in energy saving 
investments
Task 2.2 Modelling and analysing energy saving 
investments in industries
Task 2.3 Investigating whether financial can be used 
to quantify and/or control the risk of investments 
Task 2.4 Can dynamic programming multi-stage SLP 
give flexibility while limiting the complexity 
Milestones M2.1 M2.2 M2.5/M2.6 M2.7 M2.8

WP3 Behavioural aspects of energy saving investments in households
Task 3.1 Experimental design
Task 3.2 Initiative implementation 
Task 3.3 Qualitative interviews and full network 
sampling survey
Task 3.4 Data analysis, writing of papers/applied 
notes
Milestones M3.5 M3.6 M3.7

WP4 Economic incentives and policy design
Task 4.1 Examine and compare the existing incentive 
schemes in Denmark 
Task 4.2 Incentive schemes in the industry under 
uncertainty
Task 4.3 Incentive schemes within the households 
considering behavioral aspects
Task 4.4 Necessary incentive schemes to achieve the 
overall technical potential 
Milestones M4.1 M4.2

WP5 Savings versus supply 
Task 5.1 Expansion of the Balmorel model with new 
end-use sectors
Task 5.2 Creation of cost curves for heat savings in 
buildings, savings in process energy and electricity 
savings
Task 5.3 To run analysis and policy scenarios with the 
expanded Balmorel energy system optimization 
model
Milestones M5.2 M5.1 M5.3 M5.4

WP6 Macro-economic impacts of energy saving policies 
Task 6.1 Development of macroeconomic model 
describing the investment choices in energy savings
Task 6.2 Modelling household categories with 
different savings behavior and characteristics
Task 6.3 Quantifying the effects for industry structure, 
employment and public budgets of energy saving 
Milestones M6.1 M6.2 M6.3

WP7 Results and recommendations for policy change 
Task 7.1 Synthesising the findings of the project with 
regard to methodologies and incentive structures
Task 7.2 Organise and facilitate workshops and 
seminars for end-users and stakeholders
Task 7.3 Combining the WP methods and models in a 
decision support tool for implementing energy savings
Task 7.4 Formulating policy advice – suggesting 
changes in the weight of  regulating instruments
Milestones M7.1 M7.2 M7.1 M7.3

2015 2016 2017 2018

M2.3/M2.4M2.3/M2.4

M3.1/M3.2 M3.3/M3.4

M4.3/M.4



 
8. Project’s international dimension 

With the involvement of international partners the project interacts with the on-going research in 
energy savings modelling and macroeconomic models (Simon Fraser University), optimal 
investment behaviour with uncertainty (NTNU) in these established research environments. PhD 
students will have supervision and research stays at these research centres and will therefore be 
exposed to how different theoretical developments can be of inspiration for their work and fit the 
conditions in different countries. Also the postdocs are expected to visit the foreign university 
partners. 
 

9. Legal and ethical aspects 
The survey and experiment analyses will observe the legislation for data collection and data 
keeping: the Act on Processing of Personal Data (Act No. 429 of 31 May 2000, amended most 
recently in 2009), which implements EU Directive 95/46/EC on protection of individuals with 
regard to processing and movement of personal data. It is not expected that a formal application 
to the Danish Data Protection Agency is necessary. The research is not expected to produce 
commercial products; hence the legal rights to the results of the research are not considered 
commercial property by the parties of the alliance. The project will observe legal procedures for 
copyright etc. in negotiations with publishers. 
 

10. Publication and promotional strategy and exploitation of results 
A web page communicating the project objectives, activities, partner and stakeholder involvement 
and results will be set up. In the national context, an electronic newsletter with broader 
communication of scientific results with at least one annual issue will be distributed to interested 
parties and stakeholders. As a way to improve communication skills of PhD students and post 
docs they will be urged to contribute twice to the newsletters. In connection to one of the annual 
workshops we will organise a broad Danish and regionally-based open workshop, targeting a 
broader audience of people and organisations within the energy savings policy design and 
implementation community. Dissemination of results in the scientific world will be promoted 
through 20-25 articles in international journals, and 15-20 contributions to major international 
conferences. The project will produce 4 graduated Ph.D. students and 2 postdocs. 
 
The main anticipated results that will be promoted in relation to Danish stakeholders and decision 
makers in energy savings implementation are: 
• A decision support tool for implementing energy savings in Denmark. 
• Assessment of barriers for investments in energy savings; evaluation of policy instruments, 

evaluation of investments in savings versus increased renewable supply; and for energy 
savings suppliers, improved targeting of end-users likely to implement savings. 

 
11. Participating parties and project management 

The project management team consists of the project leader Henrik Klinge Jacobsen, WP leaders 
and 2 of the key industry and end-user participants. The management team will meet monthly to 
coordinate work effort, deliverables timely progress and make sure that all participants are well 
informed about findings and questions arising from the research work. Quarterly a communication 
to all project participants and the advisory panel will be distributed with key findings and news on 
project external activities, workshops and conferences of interest.   
The project leader will assure that the milestones are fulfilled and together with the management 
team take appropriate action if deviation from the project plan occurs.  
Each year a 2-day workshop will be organised for all partners, Danish and international, and each 
workshop will have a special theme based on a crosscutting topic from 2-3 WP's. The theme will 
also be the heading for one of the two days when external stakeholders will be invited to 
contribute with their research and views on implementation policies. This will serve as an 
important input to the project and provide feedback to the preliminary findings and output from 
the WP’s.  



An advisory panel comprising stakeholders from the partner organisations and 2-3 external 
researchers will be formed, and invited to the annual workshops. They will also be invited to 
provide feedback on individual research papers produced by the project based on their area of 
expertise.  
A cooperation agreement among the partners will be outlining the structure and procedures for 
the work, handling of disputes, and how results, publications etc. are handled.    
The project consortium includes the Technical University of Denmark, the universities of Aalborg, 
Copenhagen, and Roskilde, the Danish Energy Association and the Danish Energy Agency. 
Viegand Maagøe A/S, Roskilde Municipality and Project Zero contribute with additional end user 
and sector specific insight. International experts contribute within energy analyses and modelling: 
professor Stein-Erik Fleten, Norwegian University of Science and Technology, as expert in energy 
optimisation modelling with uncertainty and stochastics and professor Mark Jaccard with expertise 
in modelling of energy technologies, behavioural parameters and economics in large scale 
integrated models.       
DTU Management Engineering, Systems Analysis has considerable expertise in energy systems 
modelling, linking macroeconomic and energy models, policy analyses, energy demand and 
savings. For more than 30 years, around 30 researchers as part of Risø have managed and 
contributed to energy, environmental and climate research projects in international collaboration. 
The division is responsible for the education MSc in Sustainable Energy at the Technical University 
and supervises 10-12 PhD students.       
DTU Management Engineering, Management Science is the largest Operations Research group in 
Denmark and is internationally recognised as one of the leading OR groups in Scandinavia. Since 
2009, the group has initiated new activities within the research field of Financial Engineering and 
applications within the energy area. 
Aalborg University, SBi is the leading institution in Denmark for building research and energy 
consumption and savings in relation to buildings. SBi has influenced the Danish policy and 
regulation on building energy consumption for decades and participates in numerous European 
projects and advisory boards.  
University of Copenhagen, Department of Mathematical Science includes a group of researchers in 
Operations Research that are part of mathematical economics research and education at the 
University. The group uses and develops advanced methods and applies these in the field of 
energy and finance.  
University of Copenhagen, Department of Food and Resource Economics (IFRO) is unique in 
Denmark, and research, education, research based public sector services and broader 
dissemination are its main tasks, particularly within the fields of environment, natural resources, 
global development, food and agriculture as well as consumption, bioethics and governance. 
Roskilde University (RUC) has a program in energy planning and in public administration including 
economics. Anders E Larsen from the department has extensive expertise in energy economics 
from numerous Danish and international research projects. His specialisation is in energy savings, 
incentive mechanisms and public regulation.      
Danish Energy Association (DE) is a commercial organization for Danish energy companies. It is 
managed and financed by its member companies, mainly the electricity companies in Denmark. 
The aim of the organisation is to have regular contacts to the government, authorities, 
commercial and professional organisations and other decision-makers nationally and 
internationally. DE has competences within energy system modelling and electricity saving options 
including extensive data. Peter Meibom, adjunct professor in modelling of electricity markets at 
DTU, has experience in energy system analyses within Danish and international research projects.  
Danish Energy Agency is the overall governmental agency responsible for energy planning, 
analyses and policy design including energy saving policies and programmes. Activities include 
combined economic and technical modelling and CGE models are being developed for analyses of 
the Danish energy system. 



Viegand Maagøe A/S employs around 30 engineers and consultants occupied with helping 
consumers and businesses focus on using energy more efficiently. They have considerable 
experience with implementing energy savings in business and assisting the Danish authorities and 
the European Commission with energy saving programs.  
Norwegian University of Technology and Science, NTNU Professor Stein-Erik Fleten, Department of 
Industrial Economics and Technology Management, Norwegian University of Science and 
Technology, has extensive experience with stochastic programming and real option applications to 
electricity operation, investment and risk management, both from working within the field for 
nearly 15 years and from the leadership or participation in numerous Norwegian and EU-projects 
on the modelling and analysis of energy systems. Stein-Erik will be co-supervisor for one PhD 
student. 
Simon Fraser University, Professor Mark Jaccard Director of Energy and Materials Research Group, 
School of Resource and Environmental Management has extensive modelling experience from large 
scale US and Canadian energy-economy models. His group work on estimating and modelling 
behavioral parameters in large models and apply these models for advising US and Canadian energy 
authorities. He will host and co-supervise one PhD student during the external stay. 
ProjectZero A/S (www.projectzero.dk) is a public-private partnership operating in Southern 
Denmark, with a core base in Sonderborg. ProjectZero was established in 2007 by Sonderborg 
Municipality, Syd Energi, Danfoss A/S, among others. As part of its goal to improve energy 
efficiency by 48% in the Sonderborg-area by 2029, ProjectZero has provided energy retrofit 
consultancy to more than 1100 house owners, who have initiated energy renovation projects for 
more than DKK 100 million. ProjectZero has inspired municipalities throughout Denmark and 
abroad to initiate similar programs, and moreover maintains a valuable database documenting its 
energy retrofit activities with citizens. 
Rockwool International A/S is a global leading developer and manufacturer of stone-wool based 
products and solutions improving the energy performance of buildings. The development of new 
solutions builds on technological progress as well as improved knowledge about designer, installer 
and consumer preferences and how they adopt improved solutions. 
Roskilde Municipality (RM) is a large municipality located near Copenhagen. As part of its 
ambitious climate policy, RM has together with Roskilde Business Council and Roskilde Utility 
Company recently established the Grøn Puls programme (www.gronpuls.dk) with the aim of 
boosting energy renovation in households and businesses and related SME job creation.  
Gate21 is a non-profit partnership between research institutions, municipalities and business. 
Gate21 facilitates the sharing of experiences and dissemination of solutions for green and climate 
friendly local development in Denmark among municipalities and key businesses involved. 
Henrik Klinge Jacobsen, professor DTU Management Engineering, coordinates the project and 
ensures overall progress through monthly meetings with the project management group. Annual 
workshops will bring together project partners and invited key end-users implementing energy 
savings and policy makers.  
WP1 is led by Kim Bjarne Wittchen, senior researcher AAU (Department of Energy and 
Environment, SBi), Toke H. Christensen, senior researcher AAU will contribute to this WP. They 
both have a considerable experience in qualitative and quantitative analysis of energy 
consumption and energy savings in buildings. Potentials for electricity savings are covered by the 
Danish Energy Association and potentials within industry are covered by Viegand Maagøe and the 
Danish Energy Agency. Rockwool contributes with market and customer insights and cost data. 
WP2 is led by David Pisinger, professor DTU. Nina Juul senior researcher DTU, Trine Krogh 
Boomsma associate professor (KU), Salvador Pineda assistant professor (KU) and Stein-Erik 
Fleten, professor NTNU contribute with expertise in stochastic programming and real option 
theory, all having considerable experience with analyses of energy topics.  A PhD at DTU is 
allocated to this WP co-supervised by Stein-Erik Fleten. 
WP3 is led by Lars Gårn Hansen, professor KU. Carsten Lynge Jensen, senior researcher KU, has 
experience in measuring savings effects. Geraldine Henningsen, researcher DTU, has experience 

http://www.projectzero.dk/
http://www.gronpuls.dk/


in social network analysis and Simon Bolwig, senior researcher DTU, has expertise on transaction 
costs and contractual relations. A postdoc at KU is allocated to this WP. Peter Rathje, Project Zero 
and Roskilde Municipality contribute with end user contact and considerable experience in 
implementation programmes in Danish municipalities.   
WP4 is led by Lise-Lotte Pade, senior researcher DTU. Anders Larsen, associate professor RUC 
contributes with a considerable experience in analysis of energy regulation and savings. A PhD is 
allocated to this WP. 
WP5 is led by Kenneth Karlsson, senior researcher DTU. Peter Meibom, head of department at the 
Danish Energy Association (adjunct professor at DTU) contributes with considerable experience in 
modelling and analyses of the energy system. A postdoc at DTU is allocated to this WP. WP5 will 
have close collaboration with WP1 on saving potentials and with WP 4 on policies 
WP6 is led by Henrik Klinge Jacobsen, professor DTU. Mark Jaccard, professor Simon Fraser 
University contributes with expertise in US and Canadian integrated energy-economy modelling, 
and Frits Møller Andersen professor DTU contributes with expertise in macro-economic and energy 
demand modelling. A PhD at DTU, with a research stay at Simon Fraser is allocated to this WP. 
WP7 is led by professor Henrik Klinge Jacobsen. Gate21 is responsible for task 7.2 All participants 
contribute to this WP. 
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