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The EUFORIE project 

The strategic goal of the EUFORIE project is to provide useful and accurate information and knowledge in the 
field of energy efficiency for the EU Commission and stakeholders in the Member States. The tangible 
objectives are the following: 

1. To provide energy and energy efficiency trends and their drivers, synergies and trade-offs between 
energy efficiency related policies, as well as energy efficiency scenarios (WP2). 

2. To provide data about implementation of energy efficiency in specific processes, sectors and entire 
systems, in order to understand bottlenecks/efficiency drops and suggest improvements (WP3). 

3. To carry out analyses of efficiency of provision, from making useful energy carriers from primary energy 
sources, and from conversion of energy carriers to end uses across macro-economic sectors (WP4). 

4. To identify policy instruments and other measures leading to significant reduction in the energy 
consumption of households (WP5). 

5. To analyse the relationship between investments and change in energy efficiency, and to develop 
indicators to describe changing energy efficiency at the company level (WP6). 

6. To carry out participatory foresight for European stakeholders of energy efficiency with a target of 
providing ideas for the energy efficiency vision and strategy in the European Union (WP7). 

7. To compare energy efficiency policy instruments and measures and their impacts in China and the 
European Union (WP8). 

The EUFORIE Work Packages relate to each other. The project applies different quantitative and qualitative 
analysis methods to energy efficiency in the EU and its Member States at different levels and from different 
perspectives. These analyses provide input for foresight activities, which serve European energy efficiency 
vision and strategy process by generating useful information. Management (WP1) and dissemination (WP9) 
run in parallel with the research and innovation activities. 
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Executive summary 

This report provides the results from the roundtable dealing with the most important and policy 
relevant results from the EUFORIE project. The roundtable discussion was held on 27th of September 
2018 as a back to-back event after the European Modeling Platform for Energy (EMP-E) conference in 
Brussels, Belgium. This report includes the results from the roundtable discussion after four 
presentations on mostly methodological aspects of energy, material, and environmental performance 
analysis of different systems, from households and companies to EU Member States and the 
Community as a whole.  

The original target of the roundtable discussion was to find a “common sense” how the energy 
efficiency could be approached and enhanced in a best possible way in preparation of a European 
vision and strategy on energy efficiency. During the implementation of the project it become clear for 
the EUFORIE consortium that a proper performance analysis regarding energy and material use, as 
well as related environmental impacts at different levels in the EU and its Member States is needed 
first. Then the next step includes targets, policies and measures for promoting energy efficiency. Thus, 
the most important outcome of the EUFORIE project is a set of methods that enable a proper energy, 
material and environmental performance analysis. Several examples of these analyses have been 
already done in the EUFORIE project, but the analysis needs to be continued, especially in the EU 
Member States. 

The roundtable discussion did not challenge the initial assumption of the EUFORIE project that without 
better analysis of energy, material and environmental performance, there is a serious risk of false 
choices in setting policy targets and activities for implementing them such as policy measures. The 
methods developed and applied in the EUFORIE project were seen as potential ones for a better 
performance analysis at different levels, but the challenge to communicate them and the results 
effectively to policy planning in the EU and in the Member States remains as a major challenge. In 
addition, the roundtable discussion provided the EUFORIE project important ideas and challenges to 
take into account in further activities. For example, a possibility to use open data in LCA is an 
interesting option, s integrating bio-physical and economic energy modelling approaches. An 
important issue not directly dealt with in the EUFORIE project is the social dimension of the 
performance analysis, which hopefully, will be included and highlighted in the next EU framework 
programme under construction, called as “Horizon Europe”. 

The results are useful for policy makers in the European Union and in the EU Member States, and they 
are of interest to all stakeholders including researchers, NGOs and energy industry and companies 
who are interested in energy and environmental policies and the role of the concept of energy 
efficiency in it.  
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Policy context: Energy efficiency in the EU 

Energy efficiency is usually considered as a means to tackle energy-related negative environmental 
impacts (such as harmful emissions in the air), and to reduce energy consumption. In the policy 
context, it has gained a status of a policy goal as such, and the EU energy efficiency targets have 
highlighted this status. Energy efficiency can be improved in both energy production and 
consumption, and there are many technologies and policy instruments available for producing more 
economic output with less energy (see e.g. Future Energy 2017; ODYSSEE-MURE 2017). To implement 
the EU directive on energy efficiency (EC 2012), the EU Member States prepare their National Energy 
Efficiency Action Plans (NEEAPs), where estimates on primary and final energy consumption are 
presented, as well as planned energy efficiency measures and the improvements the EU Member 
States expect to achieve. The achievements are reported in the Annual Reports by the EU Member 
States. The Commission also publishes progress reports about the achievements in energy efficiency; 
the most recent one was published in November 2017 (EC 2017). 

Based on the 2014 NEEAPs, and other information provided by the Member States, the EU has 
collected the estimated primary and final energy consumption as well as the 2020 targets for all EU-
28 Member States (Table 1). These targets have been called as energy efficiency targets. On 30 
November 2016, the Commission (EC 2016) proposed an update to the Energy Efficiency Directive 
including a new 30 % energy efficiency target for 2030. The proposal includes also measures to update 
the Directive to make sure that the new target will be met (EC 2016). However, indicative national 
targets for the EU Member States in relation to fulfillment of the new 30 % energy efficiency target in 
2030 are not available yet. 

Figure 1 and Figure 2 show the needed primary and final energy consumption trends (average annual 
change in percentage) needed to meet the existing 2020 targets set in the EU-28 as a whole and in the 
individual Member States based on the estimated GDP change during the period 2014-2020. When 
looking at Figures 1 and 2, the targets for primary energy consumption and final energy consumption 
in 2020 do not seem to be ambitious, although the differences between individual Member States are 
significant. Some Member States may even increase their energy consumption and still meet the 
indicative target. The existing 2020 targets on primary energy consumption and final energy 
consumption of all EU-28 Member States are presented in Table 1. The targets set individually by the 
Member States are tied to the 2020 target of the whole EU. The EU has listed a set of adopted 
measures to improve energy efficiency such as (EC 2018): 

 an annual reduction of 1.5 % in national energy sales 

 energy efficient renovations to at least 3 % of buildings owned and occupied by central 
governments per year 

 mandatory energy efficiency certificates accompanying the sale and rental of buildings 

 minimum energy efficiency standards and labelling for a variety of products such as boilers, 
household appliances, lighting and televisions (eco-design) 

 preparation of NEEAPs every three years by EU countries 

 planned rollout of 200 million smart electricity meters and 45 million gas meters by 2020 

 energy audits at least every four years in large companies 

 protecting the rights of consumers to receive easy and free access to real time and historical 
data on energy consumption 

 guidelines on good practice in energy efficiency published by the EC. 
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Figure 1. Average annual registered and forecast GDP 2014-2020 vs. average annual reductions in 
primary energy consumption 2014-2020 necessary to reach national indicative primary energy 
consumption targets in percentage (source: EC 2015). 

 

Figure 2. Average annual registered and forecast GDP 2014-2020 vs. average annual reductions in final 
energy consumption 2014-2020 necessary to reach national indicative final energy consumption 
targets in percentage (source: EC 2015). 
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Table 1. Indicative targets of primary and final energy consumption in the EU Member States 2020. 
Source: EC 2015. Primary/final energy consumption ratio added by the authors.  

EU Member State   

Energy consumption in 2020 as notified from Member States in 2013, 
in the NEEAP 2014 or in a separate notification to the European 
Commission in 2015  

Primary energy 
consumption, 

Mtoe 

Final energy 
consumption, Mtoe 

Primary/final energy 
consumption 

ratio 

Austria  31.5  25.1  1.25  

Belgium  43.7  32.5  1.34  

Bulgaria  16.9  8.6  1.97  

Croatia  11.5  7.0  1.64  

Cyprus  2.2  1.8  1.22  

Czech Republic  39.6  25.3  1.57  

Denmark  17.8  14.8  1.20  

Estonia  6.5  2.8  2.32  

Finland  35.9  26.7  1.34  

France  219.9  131.4  1.67  

Germany  276.6  194.3  1.42  

Greece  24.7  18.4  1.34  

Hungary  24.1  14.4  1.67  

Ireland  13.9  11.7  1.19  

Italy  158.0  124.0  1.27  

Latvia  5.4  4.5  1,20  

Lithuania  6.5  4.3  1.51  

Luxembourg  4.5  4.2  1.07  

Malta  0.7  0.5  1.40  

Netherlands  60.7  52.2  1.16  

Poland  96.4  71.6  1.35  

Portugal  22.5  17.4  1.29  

Romania  43.0  30.3  1.42  

Slovakia  16.4  9.0  1.82  

Slovenia  7.3  5.1  1.43  

Spain  119.8  80.1  1.50  

Sweden  43.4  30.3  1.43  

United Kingdom  177.6  129.2  1.37  

Sum of indicative targets EU-28  1526.9  1077.5  1.42  

EU-28 target 2020  1483.0  1086.0  1.37  
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EUFORIE roundtable 

Background, implementation and participants 

The idea of the roundtable was to invite stakeholders to discuss how the results of the EUFORIE project 
could be used in policy formulation. The agenda, venue and potential participants were discussed and 
planned in collaboration with the EC/EASME. This discussion resulted a back-to-back half-day event 
with the European Modelling Platform for Energy (EMP-E) conference (25-26 September) on 27 
September 2018 in Brussels, but a different venue from the EMP-E conference. Potential participants 
included major stakeholder groups administration/policy makers, industry/economic actors, 
academia, and NGOs/citizens, so a so-called Quartet Helix stakeholder grouping was followed. 

This joint arrangement with the EMP-E conference granted the EUFORIE project an opportunity to use 
the registered participants of the EMP-E conference as a major target group for the roundtable. The 
roundtable invitation was put in the EMP-E conference website in early 2018, and invitation was also 
sent to the registered participants via the conference information channels. Personal invitations and 
following reminders were sent to those who had participated in the earlier events of the EUFORIE 
project, and to a set of Brussels-based energy-related organizations. The agenda (Annex 1) and 
background materials of the roundtable were placed in the EUFORIE website1 at an early stage. The 
roundtable was announced also on the UTU/FFRC webpage, and in the EUFORIE Twitter and Facebook 
accounts. Finally, the EUFORIE coordinator participated in the EMP-E conference on 25 September, 
and presented in the day-closing session briefly the EUFORIE project (presentation slides are available 
in Annex 7 of this report), and the roundtable discussion. The five minutes presentation did not raise 
questions or comments in the audience. Some EUFORIE-related issues such as came up later in the 
context of discussion on topics for the next EMP-E conference. Copies of the EUFORIE project leaflet 
and Policy Briefs were available in the EMP-E conference as well. 

The venue of the EUFORIE roundtable was Turku-Southwest Finland European Office (Avenue 
Palmerston 26, B-1000 Brussels, Belgium) with a small meeting room (Figure 3 and Figure 4). The 
participants included the EASME Project Adviser, 8 representatives from the EUFORIE beneficiaries, 
and one external participant, altogether 10 persons (Annex 2). 

                                                           

1 EUFORIE website: http//www.euforie-h2020.eu. 
Direct link to the roundtable agenda: http://www.utu.fi/en/units/euforie/news/Pages/roundtable-
27092018.aspx 
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Figure 3. The roundtable venue: Turku-Southwest Finland European Office in Brussels, Belgium. 

 

Figure 4. The roundtable discussion. 
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Roundtable input 

The input of the roundtable included all the material and results available in the EUFORIE website 
http://www.euforie-h2020.eu. In addition, the key policy messages from the EUFORIE workshops, 
questionnaires and interviews reported earlier was a major input (Vehmas et al 2017): 

 “Energy efficiency is a popular catchword, but as a concept it is a relative one and its 
operationalization is strongly dependent on the context where the concept is applied. From a 
scientific point of view, the difficulty of operationalization goes hand in hand with the level of 
aggregation. At the macro level of society (national level), where policy targets are usually set, 
operationalization is almost impossible. 

 There is also overlapping between different fields of policies, where energy efficiency is a 
topic: In energy policy, energy efficiency has been promoted over 40 years for economic 
reasons. In environmental and climate policies, energy efficiency has been seen as a means to 
limit CO2 emissions and environmental impacts in general ─ but this is seriously threatened by 
the Jevons paradox, which says simply that saved energy will be consumed elsewhere. In 
economic and employment policies, attention has been paid to an energy efficiency (service) 
market, motivated by potential job creation and economic growth. These issues make energy 
efficiency unclear as a policy target. 

 Absolute targets to reduce energy consumption (and related environmental impacts) from a 
measured level are better than relative targets or targets set in relation to a projected 
absolute consumption in the future (as the current EU target). Targets should be set at a level 
where monitoring is possible. 

 Indicators of energy efficiency, such as energy intensity, should be calculated by preferring 
the use of physical variables. Mixing physical and economic variables is problematic. Economic 
growth usually seems to decrease energy intensity, even though there is no real improvement 
in energy efficiency, but other things such as structural change or financial transactions 
instead. 

 Different policy instruments promoting energy efficiency may be useful in driving and 
supporting technological change and change in consumer behavior and lifestyle, which are 
important elements in reaching targets set on energy consumption or on related 
environmental impacts. There are many promising policy instruments, but what is needed is 
a monitoring system where the costs, benefits, and other effects of the use of the policy 
instruments in different EU Member States would be collected on a regular basis. However, 
there is no ultimate policy instrument, and the opinions on them vary a lot between different 
EU Member States and between different stakeholders. 

 Technologies for improving energy efficiency are available, for energy production and 
consumption, but the major problem seems to be that energy efficient technologies are not 
taken into use for economic reasons – usually payback periods are too long. It seems that the 
best drivers for energy efficiency are higher energy prices, and government policies are 
needed especially in cases where energy prices remain at a low level.” 

In the roundtable invitation, background materials were mentioned and placed on the EUFORIE 
website in a form of Policy Briefs, which were closely related to the titles of presentations in the 
roundtable agenda: 

 Euforie Policy Brief 1: Household Energy Efficiency Measures ─ Shortcomings and 
Opportunities 

http://www.euforie-h2020.eu/
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 Euforie Policy Brief 2: Informing Energy Efficiency Policies: Methodological Stumbling Blocks 

 Euforie Policy Brief 3: How to Assess the Energy Performance of Cities? 

 Euforie Policy Brief 4: Sustainability performance indicators for energy and raw material use, 
and environmental impacts 

The major content of the roundtable was the four presentations based on selected results from each 
EUFORIE beneficiary and related discussion between the roundtable participants. The agenda of the 
roundtable is in Annex 1, and the presentation slides cab be found in Annexes 3-6 of this report. 
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Minutes of the roundtable discussion 

EUFORIE roundtable on27th of September 2018, 9:00-13:00, Turku-Southwest Finland European 
office, Avenue Palmerston 26, B-1000 Brussels, Belgium. Chair: Dr. Jyrki Luukkanen (University of 
Turku). 

From energy efficiency to energy performance: the end-use matrix 

Mario Giampietro (Autonomous University of Barcelona) gave a presentation under the title “From 
energy efficiency to energy performance: The end-use matrix”. The presentation slides are in Annex 3 
of this report. EUFORIE Policy Briefs 2 and 3 relate to this presentation. See also Giampietro et al 
(2017a; 2017b; 2017c). 

The questions after the presentation dealt with the sources of data used in the presented examples, 
data transparency in the Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism 
(MUSIASEM) approach and possibilities for anticipation. The approach uses publicly available data. 
The end-use matrix can be made not only for energy, but also for food and water2. There was also 
some discussion on imports and exports, especially related to the agriculture sector, and the European 
leakage of carbon and energy intensive industries. 

The rationale behind the end-use matrix is that 

 intensity depends on the mix of economic activities, and 

 from biophysical starting points, neither different types of primary energy (chemical energy 
in fuels, potential energy in hydro, kinetic energy in wind etc.) nor energy carriers (electricity, 
heat, and combustion fuels) can be summed up. 

A question of the policy message for decision makers in relation to the presentation was asked. The 
answer was ready: The policy makers need a better analysis of performance than the current one 
based on too aggregated focus. Otherwise, decisions on e.g. policy targets and instruments may be 
based on false assumptions. Different energy sources are suitable for different purposes in a society, 
and there are significant constraints for a transition from non-renewable energy sources (fossil fuels) 
to renewable energy sources and especially to intermittent energy sources with the low predictability 
of availability such as current solar and wind technologies. The availability and predictability 
improvements are, of course, possible in the future. Replacing fossil fuels and nuclear totally with 
renewables seems not be possible with the current energy consumption patterns. There may be 
significant costs such as environmental costs, which are not necessarily included in current energy 
models used in policy planning at Member State level, and land use required by renewable and 
intermittent energy sources raise a question of land use efficiency, in addition to energy, material and 
environmental efficiencies. 

Moreover, EU leaves policy implementation at the disposal of Member States – this cannot be 
continued forever in the future. The comparison between China and EU made in the EUFORIE project 
shows, among other things, a rough conclusion that the energy performance in China shows more 
technology development and improvement than the performance of EU, where focus is more on 

                                                           

2 This will be done in the EU Horizon 2020 project MAGIC (Moving towards Adaptive Governance in 
Complexity: Informing Nexus Security) coordinated by UAB (https://magic-nexus.eu/) 
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changing the energy mix of the Member States. Thus, EU needs to take a stronger role in policy 
implementation in the future. 

This challenges especially the communication between research results (such as those from the 
EUFORIE project) and the EU. The energy, material and environmental performance of the EU Member 
States, and especially the mixture of related efficiencies, is a complex issue, which has relevance for 
many different actions of the EU. Thus, also other Directorate-Generals (DGs) in addition to DG ENER 
need to be involved, in the long run, e.g. DG CLIMA, DG ECFIN, DG EMPL and DG ENV, preferably also 
other DGs and the European Parliament. Communication between different EC DGs requires in 
practice concrete information to be shared. This fact could and should be taken more seriously and 
more actively in the future. 

Several communication-related short-run and longer term questions about the EUFORIE results came 
up, such as the following: 

 To whom to communicate with the above mentioned policy message of the EUFORIE project 

 How to continue after the project has ended? 

 How to involve politicians in practice? 

 How to challenge the hegemonic discourse of energy (efficiency) policy? 

These questions could not be answered in the EUFORIE roundtable. Because of their importance and 
relevance, they are listed here as “take-home challenges”, issues to think about every time when the 
future of energy policy is considered. 

Some discussion was about an easy-to-use tool (or toolkit) that could help the policy makers. The 
discussion turned quickly to modelling3, and the EUFORIE beneficiaries learnt that the gap between 
existing models and the analysis presented within the EUFORIE results is not properly known but not 
necessarily as large as expected. Many issues have been integrated in the existing energy models, 
which, however, are mostly economic models, not biophysical models. An interesting option is open 
modelling. The EUFORIE beneficiaries were interested in whether the human activity figures are 
integrated to existing energy models, but this was not discussed in the EUFORIE roundtable because 
there is no short answer and the lack of time resources did not enable detailed discussion on the 
energy models not applied in the EUFORIE project. 

Towards an online energy performance calculator in support to policy scenarios 

Sergio Ulgiati (Parthenope University of Naples) gave a presentation under the title “Towards an 
online energy performance calculator, in support to policy scenarios”. The presentation slides are in 
Annex 4 of this report. EUFORIE Policy Brief 3 relates to this presentation. See also Ulgiati et al (2018a; 
2017; 2018b). 

                                                           

3 The EUFORIE roundtable was organized as a back-to-back event with the European Modelling Platform for 
Energy (EMP-E) conference in Brussels. 
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The EUFORIE project provides a tool for analyzing energy efficiency via life cycle analysis (LCA) and 
emergy assessment (EMA)4, and has produced three different scenarios: (1) BAU, (2) technology-
based efficiency improvement, and (3) eco-efficiency implementation. EMA is used for assessing the 
costs of different alternatives in terms of environmental cost, not monetary cost. The BAU scenario 
gives the starting values as benchmark, and explores sensitivity to data errors (data uncertainties and 
unavailability of data). Technology-based efficiency improvement includes reduction of selected 
energy and material input flows by technology improvement. Eco-efficiency implementation includes 
substitution of energy and material “hotspots” with renewable or less environmentally costly input 
flows. 

In the general discussion after the presentation, integration of circular economy and “Industry 4.0” (a 
technology-driven approach) was suggested, and tools for it could be developed in the future. 
Important would be identification of potential winners and losers (in terms of economic sectors) in 
circular economy. On the other hand, circular economy was also criticized as wishful thinking; a 
physical fact is that circular economy regarding energy is an impossibility. UN sustainable development 
goals and organizing global value networks (in the EU, India, China, U.S.) based on the circular 
economy are important if circular economy will be taken seriously. If the message to policy makers is 
that circular economy should be taken seriously, a strong leadership is needed. There are already 
some actual players in the field. 

The presentation about the prototype tool of urban performance calculator included examples of 
scenario calculation for electricity, natural gas, steel and iron, and “complete variation” in the city of 
Naples. The target group of the tool is policy makers and other stakeholders interested in urban 
performance. Further development of the tool is a potential topic for a new research project. 
Regarding the use of the tool it was reminded that the capacity of policy makers should not be 
overestimated. An interesting option would be gaming at different “levels”, with a possibility to take 
into account more things when the game proceeds from lower to higher levels. This could be included 
in a new research project. Also the possibility to play with different lifestyles etc. could be an 
interesting option for further tool development. In this context it was asked again: Who is the 
recipient? 

One potential recipient group relates to ecosystem services. Modellers is another recipient group, but 
there are different interests and some modellers may see the tool as a threat. This is because 
significant change in performance such as replacing fossil energy by e.g. windfarms (an example of 
replacing baseload capacity with intermittent capacity) requires a totally different society from the 
current Western one designed to consume fossil energy as much as possible. In this regard, further 
development of the tool needs to meet persons who dare to go “out of the box”. Further development 
of the tool could also help creating business from moving towards a different system of production 
and consumption. The forthcoming Italy-China business week in December 2018 in Naples gathering 
800 professors and entrepreneurs together may offer some possibilities to promote further 
development of the tool. 

Furthermore, availability of data was discussed too because it causes problems in many EU projects. 
There is open data available for life cycle analysis (LCA). Projects on open LCA data (e.g. 

                                                           

4Emergy is a concept developed by Howard T. Odum. Emergy accounting converts the thermodynamic basis of 
all forms of energy, resources and human services, which are needed to produce a specific product or service, 
into equivalents of a single form of energy, usually solar (Odum 1996). This single form of energy is called as 
emergy, or “energy cost” as used in the EUFORIE project (see Ulgiati et al 2017c). 
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www.openlca.org) are based on voluntary companies and other actors providing real-time data for 
the database. The data of Naples used in the EUFORIE project is not publicly available. 

Policy options for supporting efficiency and sufficiency of household energy consumption 

Joachim Spangenberg (SERI Germany) gave a presentation under the title “Policy options supporting 
efficiency and sufficiency in household energy consumption”. The presentation slides are in Annex 5 
of this report. EUFORIE Policy Brief 1 relates to this presentation. See also Trotta & Lorek (2018), 
Spangenberg (2018), Lorek & Spangenberg (2018) and Lorek (2018). 

First questions after the presentation dealt with the criteria of selecting promising policy instruments, 
and time frame of the selection. The policy instrument was selected as a promising one, if it was seen 
to serve fulfilment of all the six criteria mentioned in the presentation (set up from a perspective of a 
building, where a household is located): 

“To minimise energy consumption while maintaining a good supply of energy services, a building must 
be 

 built in a heat conservation and appropriating way, based on local or regional planning 

 capable of keeping heat within the building envelope, by means of isolated walls and roofs, 
adequate windows, doors and shutters 

 equipped with service providing installations requiring only low inputs 

 offering energy security, as standard heat storage tanks offer supply for about 2 hours per m3 
of storage , external supply or in-house storage must be available 

 used accordingly, which required adequate behaviour based on relevant knowledge, 
motivation and skills (management) 

 part of an efficiency enhancing energy supply system.” 

The discussion dealt with the time frame of the analysis and the results of energy consumption in 
households. Selection of the promising policy instruments was made in a policy situation three years 
ago, from the set of policy instruments in use in Finland, Italy, Hungary, Spain, and the UK (case 
Member States) in the year 2015. However, energy efficiency has one major weakness when looked 
at from the energy producers and sellers point of view: the cleanest energy is energy not used at all, 
but then there appears to be nothing to sell and thus no profit for the producer/seller. 

Regarding the figures presenting energy consumption for heating per square meter (m2) in the 
presentation, climate differences affect the results. According to the short discussion, these 
differences were taken into account in the analysis. 

A flexible indicator for energy, material and environmental performance 

Jarmo Vehmas (University of Turku) gave a presentation under the title “A Flexible indicator for 
energy, material and environmental performance”. Presentation slides are in Annex 6 of this report. 
EUFORIE Policy Brief 4 relates to this presentation. See also Vehmas & Ameziane (2017) and Vehmas 
(2018). 

In the discussion after the presentation, different input and output indicators were dealt with, because 
efficiency of a system is a ratio between system outputs and inputs. Especially choosing only gaseous 
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emissions as output indicators of environmental impact was pointed out to be a limited choice from 
the environmental sustainability point of view. 

Aggregated indicators on energy and material consumption as well as on environmental impacts were 
discussed as well; to keep the analyses simple and their number small, aggregation is an opportunity 
although it always means loss of information. Monetary indicators on production (economic activity) 
offer an opportunity to aggregate the indicators of production and even consumption patterns, but 
their use is often problematic. However, there may be situations, where monetary valuation is applied 
even to human life. Decision making on investments in life-supporting equipment in hospitals is a 
practical example of this. 

Speaking about sustainability loosely in the context of the energy, material and environmental 
performance analysis may be risky, because the presented flexible analysis shows only if the 
performance during the studied period is away from, or towards a pre-defined reference level of the 
chosen performance indicator in the studied system – nothing more. However, a company may change 
in many ways over time, and one example of this was brought out in the discussion. A German energy 
company RWE, one of the EUFORIE case companies, moved its renewable energy business into a new 
company (Innogy), after the end of the six-year period studied in EUFORIE. The longer the studied 
period, the more organisational changes may take place in a company. There is a large number of 
other examples such as purchases of production units, decommissioning of production sites, and 
merging of large companies – in addition to investments and other changes at the operational level in 
companies. 

Social sustainability needs to be included in the sustainability analyses, which have been focused too 
much on environmental sustainability only. The basic idea of taking all three dimensions of 
sustainability, i.e. environmental, economic, and social ─ as defined by the Brundtland Commission 
(WCED 1987) ─ into account at the same time, is simply that environmental sustainability sets an upper 
limit, and social sustainability sets a lower limit to economic development. This is the core idea of a 
“doughnut economy” (Raworth 2012; 2017). A quantification and operationalization of the doughnut 
economy, called as Sustainability Window (SuWi) analysis, has been later introduced by Luukkanen et 
al (2015; 2018a; 2018b) in University of Turku, Finland. 

 

Figure 5. The doughnut model of economy. Source: Raworth (2012; 2017). 
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The Sustainability Window (SuWi) analysis (Figure 6) has been developed especially for the needs of 
developing countries, and empirical analyses have been made first for China (Luukkanen et al 2015), 
and then for two Asian countries Cambodia (Luukkanen et al 2018a) and Laos (Luukkanen et al 2018b) 
in the Mekong area. The recent analyses include also weak and strong versions of the Sustainability 
Window (Luukkanen et al 2018a; 2018b), because of their relevance in the least developed countries 
(LDCs). Figure 6 presents the idea of the strong Sustainability Window, which was developed first (cf. 
Luukkanen et al 2015). 

 

Figure 6. The Sustainability Window (SuWi) framework. Source: Luukkanen et al (2015). 

The empirical challenge of the Sustainability Window analysis lies in the selection of indicators used 
in the analysis, especially in regard the indicators of social sustainability in the Western countries such 
as the EU and its Member States. A series of variables can be used as indicators of both social and 
environmental sustainability, and different choices among the available variables provide different 
results regarding the existence and size of the Sustainability Window. A pragmatic suggestion could 
be that the lowest and highest lower limit and the lowest and higher upper limit resulting from the 
use of different indicators included in the analysis, could provide the range of policy relevant 
information on the sustainability window. From this perspective, selections may reveal preferences 
regarding the importance of different dimensions of sustainability. 

An empirical example of Sustainability Window (SuWi) analysis for the European Union as a whole is 
presented in Figure 7 for the EUFORIE project. In the example covering the period 2005-2015, income 
equity sets the lower limit to GDP change and the upper limit is set by CO2 emissions (Figure 7). The 
existence and size of the Sustainability Window depends on the indicators of environmental and social 
sustainability chosen for the analysis. Typically, several pairs of indicators are used in empirical 
analyses (Luukkanen et al 2015; 2018a; 2018b). The economic dimension is typically described by GDP 
in real prices, but also other choices are possible if relevant data is available.  
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Figure 7. An example of empirical Sustainability Window (SuWi) analysis for the EU-28 in the period 
2005-2015. Social lower limit (GDPmin, red) set by income equity, and environmental upper limit 
(GDPmax, green) set by CO2 emissions. With these indicators, the Sustainability Window exists, and the 
real GDP remains outside (below) the Sustainability Window during the studied period 2005-2015. 
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Conclusions 

The new EU framework programme after the current Horizon 2020 Research and Innovation 
programme is under construction with a preliminary title “Horizon Europe”. Results achieved in the 
EUFORIE project might be relevant and useful in the preparation of the new framework programme, 
depending on whether the energy, material, and environmental performance at the level of the EU 
Member States and other levels are available as potential subjects of biophysical and socio-economic 
research or not. Possible themes based on the results from the EUFORIE project and the related 
roundtable include at least the following (in order of appearance in the roundtable discussion): 

 Better performance analysis of the EU and its Member States applying the tools and methods 
developed in the EUFORIE project; such as the production and end-use matrices for different 
Member States; LCA and EMA for cities and other systems, and the flexible performance 
indicators for companies 

 Open models: transparent modelling of energy, material and environmental performance of 
the EU Member States, performance of different economic sectors, companies, and 
households; integration of bio-physical models and economic models 

 Easy-to-use tools (user interface!) for energy. material, and environmental performance 
analysis; e.g. city-level performance analysis based on the LCA and EMA approaches applying 
open data, when possible 

 Conceptualization, operationalization and analysis of energy and material sufficiency 

 Time variant and dynamic modelling of energy, material and environmental performance; 
over time changing parameters of the model and structure of the economy, even changing 
structure of the model 

 Heating sector and multiple technologies (CHP and district heating, air and water source heat 
pumps, other heating technologies); future transition towards efficient heat production 

 Better inclusion of social sustainability in the performance and sustainability analyses; analysis 
of the “doughnut economy” via quantified applications such as the Sustainability Window 
(SuWi) analysis. 

Since the major result from the EUFORIE project is the need for better performance analysis regarding 
energy efficiency, among other things such as material and environmental performance, there are no 
straightforward policy suggestions regarding energy efficiency but those listed above in relation to the 
next EU framework programme. However, communication remains an important challenge and there 
for the take-home questions deserve their place here in the conclusions of the roundtable results: 

 To whom to communicate with the above mentioned policy message of the EUFORIE project 

 How to continue after the project has ended? 

 How to involve politicians in practice? 

 How to challenge the hegemonic discourse of energy (efficiency) policy 

The input from the EUFORIE project can be repeated also in the conclusions from the EUFORIE 
roundtable discussion, because the input summarizes important results from the EUFORIE project: 

 Energy efficiency is a popular catchword, but as a concept it is a relative one and its 
operationalization is strongly dependent on the context where the concept is applied. From a 
scientific point of view, the difficulty of operationalization goes hand in hand with the level of 
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aggregation. At the macro level of society (national level) where policy targets are usually set, 
operationalization is almost impossible. 

 There is also overlapping between different fields and sectors of policies, where energy 
efficiency is an essential topic: In energy policy, after the oil shocks of the 1970s, energy 
efficiency has been promoted for economic reasons. In environmental and climate policies 
from the late 1980s, energy efficiency has been seen as a means to limit CO2 emissions and 
environmental impacts in general ─ but this is seriously threatened by the Jevons paradox, 
which says simply that saved energy will be consumed elsewhere. In economic and 
employment policies, attention has been paid to energy efficiency (service) market creation, 
motivated by potential job opportunities and economic growth. These issues make energy 
efficiency a multi-dimensioned and practically quite an unclear entity from the perspective of 
target setting. 

 Absolute targets to reduce energy consumption (and related environmental impacts) from a 
measured level are better than relative targets, or targets set in comparison to a projected 
consumption in the future (as the current EU energy efficiency target). Targets should be set 
at a level, where monitoring is possible. 

 Indicators of energy efficiency, including also energy intensity, should be calculated by 
preferring the use of physical variables. Mixing physical and economic variables is problematic 
when change over time is looked at. Economic growth usually seems to decrease energy 
intensity, even though there might not necessarily be any real improvements in energy 
production or consumption technologies (technical efficiency), but other things such as 
structural change or financial transactions instead which have nothing to do with energy 
efficiency. 

 Different policy instruments promoting energy efficiency may be useful in driving and 
supporting technological change and change in consumer behavior and lifestyle, which are 
important elements in reaching targets set for primary and final energy consumption, or for 
related environmental impacts. There are many promising policy instruments, but what is 
needed, is a monitoring system where the costs, benefits, and other effects of the use of the 
policy instruments in different EU Member States would be collected on a regular basis. 
However, there is no ultimate policy instrument, and the opinions on them vary a lot between 
different EU Member States and between different stakeholders. 

 Technologies for improving energy efficiency are available, for energy production and 
consumption, but the major problem seems to be that energy efficient technologies are not 
taken into use ─ mostly for economic reasons. Usually payback periods are too long for 
economic actors operating in a short term only. It seems that the lessons learnt during the 
1970s oil shocks are still relevant ─ the best driver of energy efficiency is high (increasing) real 
price of energy. Government policies are needed especially during those periods, when energy 
price stays at a low level. 
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Annex 3. Presentation slides of “From energy efficiency to 
energy performance: the end-use matrix” 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

30 

 

 

 



EUFORIE 

31 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

32 

 

 

 



EUFORIE 

33 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

34 

 

 

 



EUFORIE 

35 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

36 

 

 

 



EUFORIE 

37 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

38 

 

 

 



EUFORIE 

39 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

40 

 

 

 



EUFORIE 

41 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

42 

 

 

 



EUFORIE 

43 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

44 

 

 

 



EUFORIE 

45 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

46 

 

 

 



EUFORIE 

47 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

48 

 

 

 



EUFORIE 

49 

 

 

 



Report of the roundtable results: Foresight analyses of European energy efficiency vision and strategy 

50 

 

Annex 4. Presentation slides of “Towards an online energy 
performance calculator in support to policy scenarios” 
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Annex 5. Presentation slides of “Policy options for 
supporting efficiency and sufficiency of household energy 
consumption” 
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Annex 6. Presentation slides of “A flexible indicator for 
energy, material and environmental performance” 
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Annex 7. EUFORIE presentation slides “European Futures for 
Energy Efficiency” in the EMP-E conference 
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